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The Global Tipping Points Report 2025 comes at a fime of urgency — but also of possibility. As the

world prepares to gather in Belém for COP30, science warns us of ecosystems approaching dangerous
thresholds. Yet this same science also shows us the extraordinary potential of positive tipping points: self-
reinforcing shifts in policies, technologies, finance, and behaviours that can drive change at unprecedented
speed and scale.

Brazil’s vision for COP30 is to transform the narrative of tipping points from fear to hope. We must prevent
irreversible harm but equally trigger positive tipping points that can propel societies fowards low-carbon, N
resilient development and inclusive prosperity. This requires collective effort — a Global MutirGo — where all Q
nations and communities act fogether, by choice, to build a future not imposed by catastrophe, but designed

through cooperation.

The COP30 Action Agenda embodies this approach. Its Granary of Solutions is conceived as a reservoir of
concrete tools and initiatives — scalable, replicable, and aligned with the Paris Agreement — that connect T
ambition with implementation. By mobilising actors and resources across six axes - from forests and food

systems to energy, cities, finance, and technology, the Action Agenda has been conceived as a platform for

channeling global cooperation for triggering positive tipping points of transformation leveraging solutions

that already exist.

The Global South is central to this endeavour. Across Africa, Asia, and Latin America and the Caribbean,
communities are pioneering regenerative agriculture, restoring mangroves and forests, developing new
bioeconomy value chains, and advancing innovative financial instruments for just transitions. These are not
peripheral experiments: they are seeds of systemic change, able to cascade into global impact if nurtured
with solidarity, resources, and political will.

Every tipping point of danger can be mirrored by a tipping point of opportunity. If coral reefs are dying
back, restoration of coastal ecosystems can still drive resilience and livelihoods. If forests are at risk, their
regeneration can unlock carbon removal, biodiversity recovery, and sustainable prosperity. If energy
systems remain carbon-intensive, the exponential uptake of renewables and electrification — already led
by many countries of the South — can define a new development model that cascades into positive change
across other sectors.

Our three objectives for COP30 are clear:

1. Reinforce multilateralism — because only united can we safeguard the climate regime and make it
deliver.

2. Connect climate action to people’s lives — because climate action must begin and end with people.

3. Accelerate the implementation of the Paris Agreement — inclusively, and beyond negotiation rooms,
by mobilising every sector, every international institution and every community.

This report is therefore not only a warning but a guide: it maps where dangers converge, but also where
opportunities to tip systems positively are within reach. COP30 in Belém must be remembered as the
moment when we chose to scale up solutions from all parts of the world — especially the South — into a
global wave of renewal.

The time to act is now. United, we can reverse the dangerous trend towards a sequence of systems collapses
in domino effect. Let us build on and support each other to prevent a potentially devastating chain-reaction.
Let us trigger instead a “chain of action,” for exponential low-carbon and climate-resilient solutions
worldwide. Let us change by choice, together.

André Aranha Correa do Lago

COP30 President Designate
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Risks of Earth system tipping points increase with global warming

Sources: Global Tipping Points Report 2025 and Armstrong McKay et al., 2022
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SUMMARY

The world has entered a new reality. Global warming will soon
exceed 1.5°C. This puts humanity in the danger zone where multiple
climate tipping points pose catastrophic risks to billions of people.
Already warm-water coral reefs are crossing their thermal tipping
point and experiencing unprecedented dieback, threatening the
livelihoods of hundreds of millions who depend on them. Polar

ice sheets are approaching tipping points, committing the world

to several metres of irreversible sea-level rise that will affect
hundreds of millions.

Every fraction of additional warming increases the risk of triggering
further damaging tipping points. These include a collapse of the
Atlantic Meridional Overturning Circulation (AMOC) that would
radically undermine global food and water security and plunge
northwest Europe into prolonged severe winters. Together, climate
change and deforestation put the Amazon rainforest at risk of
widespread dieback below 2°C global warming, threatening
incalculable damage to biodiversity and impacting over 100 million
people who depend on the forest.

These climate tipping point risks are interconnected and most of

the interactions between them are destabilising, meaning tipping
one system makes tipping another more likely. The resulting impacts
would cascade through the ecological and social systems we depend
upon, creating escalating damages. Humanity faces a potentially
catastrophic, irreversible outcome. The Inter-American Court of
Human Rights recognises the right of humans to a safe climate,
hence preventing irreversible harm to the climate systemis a

legal imperative.

How hot we let it get and for how long really matters in preventing
climate tipping points. The magnitude and duration of global
temperature overshoot above 1.5°C has to be minimised. To achieve
that, global anthropogenic greenhouse gas emissions must be halved
by 2030 (compared to 2010 levels) and then reach net zero by 2050.
This requires an unprecedented acceleration in decarbonisation,
rapid mitigation of methane emissions and other short-lived climate
pollutants and fast scaling of sustainable carbon removal from

the atmosphere.

If we wait to cross tipping points before we act, it will be too late.
The only credible risk management strategy is to act in advance.
But the window for preventing damaging tipping points is rapidly
closing. Current Nationally Determined Contributions (NDCs) and
binding long-term or net zero targets are not enough. They still
commit the world fo ongoing global warming that will likely exceed
2°C before 2100. This demands immediate, unprecedented action
from leaders at COP30 and policymakers worldwide.

To achieve such a radical acceleration of action requires triggering
positive tipping points that generate self-amplifying change in
technologies and behaviours, towards zero emissions. In the two years
since the first Global Tipping Points Report was published, there has
been a radical acceleration in the uptake of solar power and electric
vehicles worldwide. However, there has also been a recent spate

of backsliding on commitments in some nations and sectors,

including finance.

Nevertheless, a minority can still tip the majority when they have
self-amplifying feedback on their side. This is clearly evident in clean
technology adoption. Solar PV panels have dropped in price by a
quarter for each doubling of their installed capacity. Batteries have
improved in quality and plummeted in price the more that are
deployed. This encourages further adoption. The spread of climate
litigation cases and nature positive initiatives is also self-amplifying.
The more people undertaking them the more they influence

others to act.

Positive tipping points are also starting to interact and reinforce one
another. Policies targeting super-leverage points of interaction can
help trigger this cascading positive change. Reinforcing feedback
between civil society and policymakers is also critical to amplifying
positive change. Hence the Global Mutirdo, by catalysing collective
action from civil society, could be key to triggering positive

tipping points.

Only with a combination of decisive policy and civil society action can
the world turn from facing existential climate tipping point risks to
seizing positive tipping point opportunities.

- O~

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025

global-tipping-points.org 6



@ Global tipping points K EY M ESSAG ES

O1.NEW REALITY

Earth’s climate and nature are already passing
tipping points as global warming approaches 1.5°C.

Since the first Global Tipping Points Report in 2023, understanding of tipping point risks
has increased. Already at 1.4°C of global warming, warm water coral reefs are crossing
their thermal tipping point and experiencing unprecedented dieback, impairing the
livelihoods of hundreds of millions who depend on them. Parts of the polar ice sheets may
also have crossed tipping points that would eventually commit the world to several metres
of irreversible sea-level rise affecting hundreds of millions. Crossing tipping points reduces
Earth’s ability to cope with human interference, further amplifying impacts, making it a
fundamental human rights issue.

O2.ESCALATING RISK

Overshooting 1.5°C puts the world in a danger zone where
further tipping points pose catastrophic risks.

Global warming is projected to overshoot 1.5°C within a few years, placing humanity at
even greater risk. Climate change and deforestation together put the Amazon rainforest
at risk of widespread dieback below 2°C, threatening incalculable damage to biodiversity
and impacting over a hundred million who depend on the forest. The Atlantic Meridional
Overturning Circulation (AMOC) is also at risk of collapse below 2°C, which would radically
undermine global food and water security and plunge northwest Europe into severe
winters. Preventing climate tipping points should be a legal imperative.

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025 global-tipping-points.org
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5.PREVENT TIPPING

Minimising overshoot of 1.5°C is essential to
prevent climate tipping points.

Every fraction of a degree and every year over 1.5°C matters for preventing climate
tipping points. To minimise the magnitude and duration of global temperature overshoot
above 1.5°C, global anthropogenic greenhouse gas emissions need to be halved by 2030
(compared to 2010 levels), reach net zero by 2050, and then net greenhouse gas removal
needs to occur. This requires unprecedented acceleration in decarbonisation, rapid
mitigation of short-lived climate pollutants - especially methane emissions, and rapid
scaling of sustainable and equitable carbon removal from the atmosphere.

04.ACT NOW

Leaders at COP30 must act now to prevent

damaging tipping points.
el o

The window for preventing some damaging, irreversible tipping points is rapidly closing.
If we wait for certainty that tipping points have been crossed before we act, it will be too
late. Current Nationally Determined Contributions (NDCs) and binding long-term or net
zero targets are not enough to prevent damaging tipping points. They commit the world
to global warming that will likely exceed 2°C before 2100. Hence unprecedented action
is needed from leaders at COP30 and policymakers worldwide to prevent damaging
tipping points.

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025 global-tipping-points.org
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-

OCALLY

climate drivers'can help avoid
)ing points.

For warm-water coral reefs, the Amazon rainforest and other ecosystems at risk of
tipping, reducing non-climate stressors can help increase their resilience to tipping.
For coral reefs, this includes reducing overfishing and nutrient loading. For the Amazon
rainforest, reducing deforestation and forest degradation are key. These local actions
can give communities some agency over the fate of their ecosystems. Ultimately, however,
global warming will need to be reduced below 1.5°C towards 1°C to prevent the permanent
loss of coral reefs.

O6.RECENT PROGRESS

Climate progress has accelerated in the
last 2 years despite recent backsliding.

\

Since 2023, there has been a radical acceleration in the uptake of clean technologies

worldwide, notably solar PV power and electric vehicles. There has also been contagious

spread of climate litigation cases, nature regeneration initiatives, together with the N
emergence of more sustainable patterns of consumption and production in food and

fibre supply chains. Despite recent backsliding on commitments in some nations and

sectors, a minority can still positively tip the majority, generating self-amplifying change

in societies, economies and technologies. The more people who act, the more they s
influence others to act.
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O/.TRANSITI

Policy mandates are needed to accelerate the
transition away from fossil fuels.

The most effective policies to trigger positive tipping points in the energy system are
generally policy mandates to phase in clean technologies and transition away from fossil
fuelled ones. These include bans on the future sale of petrol/diesel cars, diesel trucks
and gas boilers in key markets. They can make clean alternatives better and cheaper for
everyone, helping eliminate the 75% of greenhouse gas emissions linked to the energy
system, and transition away from fossil fuels in a just, orderly and equitable manner.

O8.ENABLE FINANCE

Reducing the cost of capital enables positive
tipping points especially in the Global South.

All sources of public and private finance can be engaged to reduce the cost of capital
for low-carbon technologies and resilient infrastructure, particularly for the benefit
of Global South countries. The costs of climate finance must also take into account the
long-term economic and health benefits of climate action and the far greater costs of
inaction or delay. The Baku-to-Belem Roadmap offers a transformational opportunity
for climate finance.

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025 global-tipping-points.org
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09.PROMOTE JUSTICE

Positive tipping points can simultaneously combat
poverty, hunger and inequality.

Positive tipping points are already reducing energy prices worldwide, accelerating access /

to cheap electricity for those that lack it, and benefitting the economies of net fossil fuel

importing countries where three-quarters of people live. Engaging communities in rapid

transition can help ensure that decarbonisation also achieves social developmental goals

of combatting hunger, poverty and inequality. Digital public infrastructure can support

fairness and shared prosperity by delivering essential financial, health, educational, and ‘,
other social and economic services, particularly in low- and middle income countries.

10.TIP FOOD

Sustainable production and consumption can
positively tip the food system.

Policy changes are needed worldwide to help eliminate the 25% of greenhouse gas { v
emissions linked to food, farming, and deforestation and in so doing, help reverse global { J / .
biodiversity loss. Domestic legal frameworks and governance, shifts to sustainable - /g

necessary to liberate land for regenerating nature.

production supported by public and private finance, changes in consumption and |/ A ’
sustainable international trade policies are critical o avoid damaging tipping points v
in nature. This includes avoiding dieback of the Amazon rainforest. These changes are

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025 global-tipping-points.org




@ Global tipping points K EY M ESSAG ES

POSI"‘IVG _1'|p_p|ng pom'l's of nqi‘ure regeneraﬁoniggn
sccde susi'alnable carbon removal

Nature regeneration can be positively tipped, and social tipping points are already ey
spreading nature positive initiatives, including marine protected areas. Action to protect
indigenous rights, support community-led conservation initiatives, ensure fair and

transparent valuing of nature and establish rights of nature, can help trigger further

positive tipping points for nature. This will help achieve the Kunming-Montreal Global

Biodiversity Framework targets and is essential to scale up sustainable removal of CO,

from the atmosphere and limit overshoot of 1.5°C.

12.CASCADE CH

Civil society and governance can catalyse eoctl
other to cascade positive change.

Positive tipping points can cascade between different parts of society and the economy.
Catalysing collective action from civil society - through the Global Mutirdo - is key

to helping trigger positive tipping points and giving policymakers a mandate to act.

Policy action should target super-leverage points that can trigger cascading positive
change across sectors. Only with a combination of decisive policy and civil society action
can the world tip its trajectory from facing existential climate tipping point risks to seizing
positive tipping point opportunities.

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025
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With global warming soon overshooting 1.5°C, developing and
implementing effective governance strategies to prevent Earth
system tipping points is increasingly urgent and important.

Tipping points present distinct governance challenges
compared to other aspects of climate change or environmental
decline, requiring both governance innovations and reforms of
existing institutions.

Precaution, anticipatory governance and systemic risk
governance are key approaches for addressing Earth
system tipping points.

Amid deepening geopolitical fragmentation and the
weakening of multilateralism, governance responses to Earth
system tipping points must focus on fostering a flexible,
multi-scale agenda capable of advancing under challenging
political conditions.

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025 global-tipping-points.org

KEY MESSAGES



o

The risk of activating Earth system tipping processes exists
at current levels of global warming and increases with every
0.1°C and every year of overshooting the globally agreed goal
of 1.5°C.

Current climate mitigation measures are not sufficient to
prevent tipping events; they need to be accelerated and
coupled with measures addressing non-climate drivers, such as
deforestation of the Amazon rainforest.

Preventing tipping points requires ‘frontloaded’ mitigation
pathways that minimise peak global temperature, the duration
of the overshoot period above 1.5°C and the return time below
1.5°C with immediate, comprehensive transition away from
fossil fuels.

Sustainable carbon dioxide removal approaches need to be
rapidly scaled up to help return the global mean temperature to
and then below 1.5°C.

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025 global-tipping-points.org
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Societies need governance efforts that anticipate and
prepare for the specific impacts of Earth system tipping
points before tipping points are crossed - these impacts
differ from the observed and expected impacts of other
aspects of climate change.

Governance should assess and reduce vulnerability to
tipping point impacts, build resilience and include tipping
point impacts in climate adaptation policy and planning
and related policy domains.

Governments, intergovernmental organisations, economic
and financial actors should integrate Earth system tipping
points in risk assessments across scales.

Justice - intragenerational, intergenerational and
interspecies —- must be at the centre of Earth system
tipping point impact governance.

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025 global-tipping-points.org
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KEY MESSAGES

Earth system tipping points are
a humanrights issue

o Preventing Earth system tipping o Tipping points science should be
points and addressing their used to strengthen future litigation
impacts are essential for the efforts related to human rights.

global protection of fundamental

i o We recommend convening a multi-
human rights.

stakeholder working group on

o State and non-state actors must human rights and Earth system
be adequately informed about tipping points, including the UN
the human rights implications of Office of the High Commissioner for
transgressing Earth system tipping Human Rights, scientific experts,
points and governance responses Indigenous Peoples and civil
to them. society organisations.
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, KEY MESSAGES @)

o Earth system tipping points require engagement
not only from national governments and
international bodies, but also municipal, regional,
corporate and community actors, each of whom
have particular responsibilities, capacities and
opportunities to influence outcomes.

o Diverse strategies are needed to address
Earth system tipping points—ranging from law
and policymaking to advocacy, institutional
reform and storytelling—drawing on the varied
capacities, mandates and influence of actors
operating across multiple scales and domains.

o Inthis early agenda-setting phase of Earth
system tipping point governance, actors
such as international organisations, science
communicators and advocacy groups have a
critical role to play in raising awareness, shaping
narratives and mobilising political will.

o Addressing Earth system tipping points requires
building trust and fostering cooperation and
coordination among state and non-state actors
across multiple levels of governance.
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Earth system tipping points
pose profound risks

New risk assessment
approaches are needed for
tipping points

-
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Cryosphere tipping
points may already
have been crossed

o We have high confidence that ice
sheets - from Greenland to West
Antarctica - have warming tipping
points leading to irreversible
collapse, locking in long-term
multi-metre sea level rise and have
been at risk since at least 1°C of
global warming.

o While Arctic summer seaice
is unlikely to reach tipping
points, Antarctic sea ice may
have a tipping point that could
already be underway, although
highly uncertain.

o We have medium confidence in
potential regional tipping points
in permafrost and glaciers,
which would respectively amplify
emissions and commit some regions
to total deglaciation.

KEY MESSAGES

Biosphere tipping
points are approaching
faster than we thought

o Warm-water coral reefs have
experienced the worst bleaching
event on record over 2023-2025
and the central estimate of their
thermal tipping point of 1.2°C global
warming has been crossed.

o The Amazon rainforest has faced
two years of intense El Nifio-
induced drought and the combined
effects of deforestation and climate
change put it at risk below 2°C of
global warming.

o We now recognise river deltas
and peat bogs as potential tipping
systems, identify the potential for
localised mangrove tipping with
high confidence and the potential
for local-scale temperate forest
tipping with low confidence.

(N
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Ocean and atmosphere
circulation are already at risk
of tipping points

Interactions between tipping
systems tend to increase risk
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@ Global tipping points K E Y M E S S A G E S

o Several systems (land permafrost, Greenland ice
sheet, West Antarctic ice sheet and sub-polar
gyre) likely have a tipping point around 1.5°C
global warming.

o Several more systems (mountain glaciers, boreal
forests and AMOC) likely have a tipping point
around 2.0°C global warming.

o Crossing these tipping points becomes more likely
for each 0.1°C of global warming.

o Limiting tipping risks requires minimising peak
global warming and overshoot duration above
1.5°C and uvltimately stabilising global warming
below 1.5°C before 2100 and below 1.0°C on
longer timescales.

o Fast tipping systems are vulnerable to even
short-lived overshoots of their tipping points
and therefore they constrain the allowable peak
global warming.

o Slow systems can tolerate temporary overshoots
of their tipping points but constrain the
allowable duration of overshoot and the eventual
temperature stabilisation level.
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Parts of the Earth system identified in this report as featuring tipping points

M
OO0

Closest to tipping - due to global warming

BIOSPHERE CRYOSPHERE OCEAN & ATMOSPHERE CIRCULATIONS
I Tropical dry forest [ Lakes I Greenland Ice Sheet I Atlantic Meridional Overturning Circulation (AMOC)
I Tropical rainforest s Coral reefs @ [EEEEE West Antarctic Ice Sheet © M Subpolar Gyre (SPG) @
[ Tundra/Boreal forest Mangroves NN Non-marine East Antarctica Ml Southern Ocean Overturning
BN Temperate forest IIEEEN Fisheries IS Marine basins East Antarctica I West African monsoon
[IIE0 Savannas & grasslands Seagrass 1" Permafrost
Drylands [ Kelp forest [ Mountain glaciers
N Peat bogs N Delta

Warming feedbacks and
other anthropogenic stressors
increase tipping risks

o Most tipping systems are expected to amplify
global warming if tipped, making it more difficult
to return to lower global warming levels in an
overshoot period.

o Additional pressures, such as other anthropogenic
stressors, interacting tipping systems and
destabilising Earth system feedbacks, can amplify
tipping risks further.

o Decreasing direct anthropogenic stressors
can reduce the likelihood of climate-induced
tipping for some systems (e.g. halting
Amazon deforestation).

N
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@ Global tipping points

There is an urgent need for
dedicated research on the
impacts of crossing Earth system
tipping points especially their
systemic, cascading impacts
through societies.

We provide an initial analysis of
these impacts relying heavily on
inferences from general climate
impact literature applied to
anticipated tipping point changes.

Our assessment suggests that
crossing Earth system tipping points
will cause profound risks across

nine critical domains, including food
security, energy infrastructure,
economic stability and social
cohesion, affecting billions globally.

Earth system tipping points are also
a national security issue as food,
water and heat stresses will impact
populations. If climate change is
unchecked then mass mortality,
forced displacement and severe
economic losses become likely.
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o Critical tipping point risks exist for

small islands and East Asia from ice
sheet loss, for South Asia, Southeast
Asia and Central America from
monsoon disruption, for West Africa
from AMOC collapse and monsoon
disruption and for North Asia

from permafrost thaw and boreal
forest tipping.

Magjor tipping point risks exist for
Northeast America from AMOC
collapse and ice sheet loss, for
Northwest Europe from AMOC
collapse and for the Amazon region
from rainforest dieback.

The greatest population is
ultimately at risk from monsoon
disruption, followed by ice sheet
loss, AMOC collapse and the
degradation of warm-water
coral reefs.
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@ Global tipping points K E Y M E S S AG E S

o SmallIsland Developing States face complete
uninhabitability, South and Southeast Asia's 3+
billion people depend on vulnerable monsoon
systems and Arctic communities face total
ecosystem transformation.

o Developed regions primarily face infrastructure
and economic challenges.

o The most extreme gaps in regional preparedness
for tipping point risks are in Small Island

Developing States, West Africa, Central America

and the Amazon basin.
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Section lead authors:
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@ Global tipping points

o Positive tipping points occur when
reinforcing feedbacks in a system
overwhelm balancing feedbacks,
triggering self-propelling change
towards a more sustainable state.

o Policymakers can accelerate

decarbonisation by prioritising
technologies and behaviours that

have the potential to positively tip.

o Easily imitatable behaviours in
which social influence plays a
strong role (e.g. active travel) and
highly modular, mass producible
technologies (e.g. solar panels),
have greatest potential to be
positively tipped.

o Deliberate actions can enable
positive tipping by neutralising
balancing feedback, promoting
reinforcing feedback and helping
make a desired change the most
affordable, accessible and/or
attractive option.
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o Positive tipping points have already

been crossed in the adoption of
solar PV and wind power globally,
in the adoption of electric vehicles,
battery storage and heat pumps

in leading markets and there

is potential for them in various
applications of green hydrogen,
green ammonia and alternative
protein foods.

Early opportunity signals can reveal
a loss of resilience of an incumbent
system and a window of opportunity
for positive tipping, but better
indicators are needed to understand
tipping potential and proximities to
tipping points.

System interactions can create
opportunities for positive tipping
cascades whereby tipping in one
sector (e.g., battery technology) can
increase the likelihood of tipping in
another (e.g., renewable energy).
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The fundamental processes behind positive tipping points

>

TO:
SUSTAINABLE
STATE

NET FEEDBACK EFFECT

/

1-Balancing feedbacks resist 2 - Reinforcing feedbacks tip
change and lock in the status the system towards a new state.
quo, but strengthening reinforcing

feedbacks can weaken this

resilience and create the

conditions for tipping.

@ DRIVING/REINFORCING THE CHANGE @ RESISTING/BALANCING
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Policy design needs to match
the phase of a positive tipping
process

Positive tipping points need to
be well governed to ensure a
rapid and just transition

- U
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@ Global tipping points K E Y M E S S A G E S

o Patterns of capital allocation that enable
sustained financial flows into emerging low-
carbon technologies and sectors can help
overcome lock-ins, reduce perceived risk and build
market confidence, particularly in underinvested
regions and markets.

o Digitalisation and Al have the potential to
accelerate positive tipping points by managing
complex systems from renewable energy smart
grids and transportation systems to social
deliberation processes.

o Climate communications in the format of film,
journalism, performance art and other media
can be instrumental in generating the political
momentum for positive change, particularly
when connected to targeted policy advocacy and
trusted messengers.

o Coordinated cross-sectoral action at ‘super-
leverage points’ can unleash positive tipping
cascades. Coordinated mandates across
interacting sectors (e.g. power, transport and
heating) can bring forward tipping in all.

o Coherent, committed, ambitious coalitions can
challenge incumbencies and catalyse positive
tipping towards majority adoption of social and
technological innovations.
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Policies to support positive tipping and the transition status of different technologies and markets

EMERGENCE ACCELERATION STABILISATION
N
Solar PV
g Offshore wind
g B lectri N
},, Battery electric personal transport attery electric cars Norway
m
v Battery electric trucks
[2'4 Domestic heat pumps
< Battery storage
=
(24 Nature positive farming
(@] Sustainable diets 'l
Z Green hydrogen / Battery electric cars China
©] Green steel
E Green ¢
(@) ammonia Ol
g for shipping / Battery electric cars UK
.
/ Battery electric cars EU
— Battery electric cars USA

Stabilisation policies

Tax reforms, trade and investment
policies, social support and
regional development

Demand pull policies

Tax exemptions, regulations (e.g. mandates),
public procurement, fiscal incentives

S (e.g. feed-in tariffs), public
TeChnOIOQY pUSh poI|C|es infrastructure investments

Policy support for innovation,
public R&D investment,
tax breaks

Finance ministry decisions on:
Economic strategy | Fiscal policy | Financial policy
influence the speed and impact of each phase of transition

e N
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" Transformationis underway in

the power and mobility sectors
but can\_lg\e accelerated

o

Renewable er;é\rg\y_ is scaling rapidly but unevenly.
Solar PV is doubling capacity every 2-3 years and
growth of wind power is also strong. Reducing

-planning delays, providing grid-infrastructure and

finance can accelerate change.

Battery prices have plummeted by 847% in
the last decade and capacity is growing
exponentially, underpinning mobility and
power sector transitions.

Electric vehicle adoption is accelerating

in leading markets. China has become the
dominant manufacturer. Norway has near total
adoption. Price parity, battery performance and
charging availability are key determinants of
mass adoption.
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Policy action can High public support
bring forward positive for stronger action
tipping points in other on climate change
key sectors is threatened by
polarisation and
disinformation

-
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Electrification presents
key positive tipping point
opportunities

- U
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@ Global tipping points K E Y M E S S AG E S

o Decoupling renewable electricity pricing
from fossil fuel-linked marginal pricing
could significantly benefit consumers and
accelerate change.

o Co-adoption strategies can trigger positive
tipping: bundling complementary technologies
increases value, reduces risk and speeds clean
technology diffusion.

o Policy should target households during key
renovation and purchasing moments.
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Positive tipping points in food and fibre
supply chains can end deforestation
and ecosystem conversion

o Triggering positive tipping points in the sustainable production
and consumption of agricultural commodities requires mutually
reinforcing actions in three areas: Clear policy signals and
enforcement; coordination across supply chains and between
key markets; and finance to support transitions in production.

o Legal protections for tropical forests and their inhabitants need
to be established and enforced.

o Standards for sustainable commodity production (e.g. soy, beef,
cocoaq, cotton, palm oil) and trade need to be developed and
enforced. Successful moratoria (e.g. Amazon Soy) show that
regulation and monitoring are essential for compliance and that
sustainable alternative options must be available for producers
(and financially viable).

o Demand-side interventions in import markets must align with
domestic policy in major producing countries to ensure success
and should support producers in meeting new standards through
provision of transition finance.

o Policy and market structures currently incentivise harmful
practices. Subsidies and procurement should change towards
sustainable production and consumption, thereby supporting
sustainably productive landscapes that include standing forests.
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Positive tipping points can rapidly
restore nature and biodiversity
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SECTION 4

CASE . /
STUDIES "
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@ Global tipping points

KEY MESSAGES

THE AMAZON RAINFOREST

o The Amazon is approaching ecological tipping o The Amazon forest holds global significance

points due to interacting climate and land-use
feedbacks that threaten to trigger large-scale
forest degradation and regime shifts in the
range 1.5-2 °C global warming.

These changes risk transforming forested
areas into altered ecosystems, weakening
global climate regulation, altering regional
climate and accelerating biodiversity loss.

Negative social tipping points, including
displacement, health impacts and cultural
erosion are unfolding alongside ecological
forest transitions, especially among
Indigenous and traditional populations.

These impacts and risks remain significantly
under-addressed in climate policy and

are intensified where governance fails to
secure land rights, or enforce protections, or
support adaptation.

Indigenous Territories and Protected
Areas exhibit strong climate mitigation
potential, underscoring their vital role in
maintaining carbon stocks and resisting
ecosystem collapse.

In contrast, undesignated Public Forests
account for the majority of carbon losses from
degradation, reflecting the consequences of
weak governance and land tenure insecurity.

Without immediate action, cascading risks
could result inirreversible losses to both
ecosystems and communities, undermining
regional and global sustainability.

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025

as a biocultural and climate-regulating
system; safeguarding it requires urgent,
justice-centered strategies that integrate
understanding of ecological thresholds, social
vulnerability and climate adaptation.

Positive social tipping points can be catalyzed
by inclusive and polycentric governance,
recognition of traditional knowledge systems
and targeted financial investments in forest
conservation, restoration and supporting
Indigenous People and Communities
Territories and their livelihoods.

These interventions have the potential to
reverse degradation feedbacks and ensure
socio-ecological resilience across the Amazon.
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ATLANTIC OCEAN

CIRCULATION

o The Atlantic Meridional Overturning
Circulation (AMOC) and Subpolar Gyre (SPG)
have different tipping points and timescales
of transition but are strongly coupled via
influencing stratification of the northern
North Atlantic ocean.

o Crossing either tipping point has numerous
impacts, including much harsher northwestern
European winters, disruption of the West
African Monsoon, decreased agricultural yield
and marine ecosystem shifts.

o The conditions under which SPG and AMOC
can tip remain uncertain, due to a limited
observational record and biases in climate
models, but we cannot exclude that an AMOC
tipping point may already have been passed.

o Deep winter mixing in both the SPG and
Greenland-lceland-Norwegian Seas is
projected to collapse in the North Atlantic
before 2050 in many CMIP6 models causing
AMOC to decline to weak states without a
deep circulation.

o Thelikelihood of tipping for both systems
increases with global temperature.
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Current observational arrays in the Atlantic
Ocean should be maintained and Earth
System Model bias should be reduced as both
are crucial for the science of AMOC or SPG
tipping and future early warning systems.

Continuous monitoring of SPG and AMOC
risks and nation-specific complex risk-
assessments of the impacts of AMOC or
SPG tipping should be made for European
countries to inform prevention and
adaptation policies.

Preventing the crossing of AMOC or
SPG tipping points should be a primary
governance target.

The potential proximity of SPG collapse
demands that European governments and the
EU revisit and update national and European
climate adaptation and preparedness plans,
policies and institutions to account for the
expected impacts of this tipping process.

Global climate mitigation efforts should

be accelerated to minimize temperature
overshoot of 1.5°C to minimize the risk of SPG
or AMOC tipping. This requires shortening
net-zero timelines and immediate investment
in the development and scaling of sustainable
carbon removal technologies.

The potential benefits and risks of solar
radiation management (SRM) should be
explored during a moratorium on SRM
implementation and large-scale experiments.

global-tipping-points.org



@ Global tipping points KEY ME S S A G E S

WARM-WATER
CORAL REEFS

o Warm-water coral reefs are vital to the o Returning global mean warming below
wellbeing of up to a billion people and almost 1.2°C with a minimal overshoot period and
a million species. eventually returning to 1°C above preindustrial

is essential for retaining functional warm-
water coral reefs at meaningful scale, beyond
arelatively few isolated refuge areas.

o Globally, coral reefs are experiencing
unprecedented mortality under repeated
mass bleaching events, highlighting the impact

that global warming (interacting with other, o Minimising non-climatic stressors, particularly

predominantly human-driven environmental improved reef management, can give reefs the

stressors) is already having. best chance of surviving under what must be a
o The central estimate of the thermal tipping pm;?r::ml SIEEEG R U gl

point for warm-water coral reefs of 1.2°C
global warming above pre-industrialisalready o Risk assessments and urgent policy responses

exceeded and without stringent climate are needed to address the ecosystem and
mitigation their upper thermal threshold of livelihood impacts of degraded or non-
1.5°C may be reached within the next 10 years, functional reefs.

compromising reef functioning and provision
of ecosystem services to millions of people.

o Evenunder the most optimistic emission
scenarios of stabilising warming at 1.5°C
without any overshoot, it is considered that
warm-water coral reefs are virtually certain
(>99% probability) to tip, given the upper range
of their thermal tipping point is 1.5°C.

o The goal of the Paris Agreement to limit global
warming “well below 2°C” or 1.5°C will not
prevent coral reefs from irreversibly passing
their thermal tipping point.
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MOUNTAIN GLACIERS
(AAK’'W T'AAK SIT,
JUNEAU ICEFIELD, ALASKA)

o Mountdain glacier tipping behaviour depends o Anticipatory governance considerations
on a complex interplay between topography at the local level regarding glacier loss
and climate, with mountain glaciers that must involve multiple partners and rights
experience similar external forcing having the holders, including Indigenous community
potential to respond differently depending on governments, federal and state agencies
local conditions. and local government, as well as community

members, particularly in the context of
resource management and the opening of
navigable U.S.-Canada border crossings,
following ice retreat.

o Aak’w T’aak Sit’ and other outlet glaciers
of the Juneau icefield, Alaska, have been
suggested as a potential mountain glacier
tipping system, with ice segregation and the
bedrock hypsometry leading to nonlinear
mass loss and glacier retreat.

o Rapid deglaciation of Aak’w T’aak Sit and
other glaciers disrupts the relationship
between Indigenous communities, glaciers
and glacial landscapes, depriving future
generations of this component of their
identity and history, which are inseparable
from the land.

o Theretreat of Aak’w T’aak Sit"’s tributary
glaciers has led to annual outburst floods in
Juneau, the future occurrence of which will
depend on rates of ice retreat, the pattern
of retreat and the formation of future
glacier separations.

o Rapid mass loss of Aak’w T’aak Sit’ could
negatively impact tourism in Juneau as the
glacier retreats from the Mendenhall Glacier
Visitor Center viewshed, where an average of
every third visitor to the state of Alaska visits.

o The economic consequences of tipping on
fishing and salmon stocks are less clear,
giving the complex interplay between
water temperature, air temperature and
riverbed scouring, all of which impact
aquatic ecosystems.
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INTRODUCTION
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The world has entered a new climate reality. Global warming will soon overshoot 1.5°C. Already

some damaging tipping points are being crossed and others could soon follow - with catastrophic

impacts on societies and nature globally. Governance has to change to address this new reality.

Linear, incremental change will not be enough to avoid the worst impacts. Instead climate action

must accelerate radically to eliminate greenhouse gas emissions, to reduce non-climate stressors of

ecosystems, and to regenerate nature before it is too late. This calls for actions that trigger positive
tipping points, where social, technological and ecological changes toward zero emissions become

self-propelling.

2024 was the warmest year on record, exceeding 1.5°C with over 150
unprecedented extreme weather events - meaning they were worse
than any ever recorded in the region they occurred (WMO 2025).
Super Typhoon Yagi affected 3.6 million people in Vietnam (UNDP
2024). Over 1.2 million people were displaced in Niger, Chad, and
Mali. Severe droughts in Zimbabwe, Zambia, Botswana, and Namibia
left millions facing food insecurity. 220 people lost their lives in the
Valencia floods. In early 2025, the Los Angeles fires caused around
$40 billion insured losses. Global warming (the 30 year average)
has reached around 1.4°C and is set fo reach 1.5°C around 2030
(Copernicus Climate Change Service).

The recent anomaly in atmosphere and ocean temperatures (above
the long-term rising trend) has been unusually large and persistent
(Goreau & Hayes 2024). Such climate variations are not tipping points
in themselves, but they may trigger them. Already some vital parts

of the Earth system are passing their thermal tipping points below
1.5°C. More than 80% of the world’s reefs, already weakened by
cumulative damage and recurrent bleaching events, have been hit

by the worst global coral bleaching event on record over 2023-2025.
The Greenland and West Antarctic ice sheets are shrinking at an
accelerating rate and may also have passed tipping points.

As we head towards overshooting 1.5°C, new research indicates that
other critical Earth system tipping points are closer than previously
thought. The Amazon rainforest experienced a record drought in
2023-2024, and the threshold for widespread Amazon rainforest
dieback could be as low as 1.5-2°C, due to the interactions between
climate change and deforestation. Advances in observations and
modelling show that the Atlantic Meridional Overturning Circulation
(AMOC) could be at risk of collapse below 2°C, which would radically
undermine global food and water security and plunge northwest
Europe into severe winters.
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When a system approaches a tipping point it tends to exhibit larger
and more persistent fluctuations as it loses stability. This early warning
signal is being seen in a growing number of the systems mentioned
above including the Amazon rainforest, AMOC, and Greenland ice
sheet. Similar behaviour can be observed in societies. The world

is becoming more volatile as the incumbent fossil-fuelled regime
starts to lose stability and fights back harder against a clean energy
transition that is gaining momentum.

The last two years have witnessed growing political instability,
including wars and humanitarian crises, and more extreme political
positions rising to prominence. Some actors are actively countering
action on climate change and dismantling the scientific institutions
and instruments that monitor climate. This is dangerous; if we can no
longer see where things are going wrong in the climate, we have no
chance of correcting our mistakes - and adapting to their social and
ecological consequences gets harder and more expensive.

At the same time, the global uptake of clean energy has accelerated
markedly. Solar power is growing exponentially, doubling in installed
capacity every two to three years. EV sales increased 25% globally in
2024 and far faster in emerging markets, as lithium-ion battery prices
dropped 20-30%. These transformations are starting to reinforce
one another (Nijsse et al. 2024). Secondhand batteries from EVs

are going onto the grid to help balance renewable electricity supply
and demand, while ever cheaper renewable power is encouraging
electrification of mobility and other end uses.

The race is on, between these positive tipping points in the economy,
and negative ones in the Earth system and our societies. In this new
climate reality, either we transform to avoid the worst, limiting the
overshoot of 1.5°C and managing what is unavoidable, or we face
escalating, irreversible damages that pose existential threats to
nature and our societies.
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These realisations have led to growing demand for actionable knowledge about tipping points - both
good and bad. In the first Global Tipping Points Report 2023 we detailed the status of Earth system
tipping points, the risks stemming from these, the governance needed to address them, and the
opportunities for positive tipping points to accelerate action toward zero emissions.

Since then, awareness of the need fo betfter understand tipping point risks and opportunities has grown
among policymakers and other decision makers across sectors. For example, the Nordic Council of Ministers
has been briefed on the risks from an AMOC tipping point. The financial sector is starting to consider
climate tipping points in their physical climate risk assessments and positive tipping points in their ‘transition
risk’ assessments.

But the picture is mixed at the science-policy interface. The proposal for an IPCC Special Report on

Tipping Points, supported by 18 governments was rejected. Chapter 8 of the forthcoming Working Group 1
contribution to the IPCC’s Seventh Assessment Report will cover the science of climate tipping points - but is
not expected until May 2028.

This second Global Tipping Points Report 2025 aims to support the call for timely, salient, actionable
knowledge about tipping points — negative and positive - and how to govern them. We seek to update
policymakers and other decision makers on the latest tipping points research and synthesise new
thinking about how to move forward. This includes aiming to provide a useful stepping stone towards
the IPCC’s Seventh Assessment Report, and to inform regional, national and more localised decision
making.

After publishing the Global Tipping Points Report 2023 we canvassed different target audiences for their
reactions to learn what we could improve. There was a particular demand for more system-specific
information and guidance on tipping points. In response to that feedback, here we delve deeper into specific
case studies of Earth system tipping points. Based on combined urgency and importance, we focus on
tipping point risks in three key systems: the Amazon rainforest, Atlantic ocean circulation, and warm water
coral reefs. We also apply our overall approach to an example of a more localised tipping point with a case
study of mountain glacier loss.

Earth system tipping points present distinct communication challenges and opportunities. Other academic
voices have argued that talking about tipping points somehow confuses and distracts from urgent climate
action (Kopp et al., 2025). Our aim is the contrary - to elucidate the latest knowledge on tipping points, and
their potentially catastrophic human consequences, as a key underpinning for urgent climate action (Smith
et al., 2025). In an era of growing mistrust and misinformation our aim is fo equip the reader to better
understand the complex and nonlinear dynamics we all increasingly have to navigate, and to highlight
tangible impacts on people’s lives. It would be irresponsible not to provide society with knowledge about
severe threats fo human wellbeing that can enable action to mitigate those threats. Equally, our experience
is that communicating positive tipping points alongside negative ones can provide audiences agency and
hope, showing how rapid social and economic change can counter Earth system tipping point risks.

Our primary audience are policymakers, together with decision makers in the public, private and
voluntary sectors. Governments hold a fundamental responsibility (and a social contract with their
populace) to lead in the protection of human lives and wellbeing and to ensure the fair, transparent and
effective distribution of public resources. Leaders across sectors also have an important role to play in
creating transformative change through the mobilisation of human capital and private finance.

At the same time we aim to inform a broad public audience, recognising that policy leadership needs a
social license to operate, and that social activism has always been behind past transformative changes and
is key to triggering current transformative change (IPBES 2024). Hence we support the COP30 Presidency’s
initiative of a Global Mutirdo to help catalyse collective action from civil society to help trigger positive
tipping points.
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Avuthors and origins of the report

A total of 160 researchers have contributed fo this Report, building on the community that wrote the Global
Tipping Points Report 2023 and contributed to a special issue of the open-access journal Earth System
Dynamics on ‘Tipping Points in the Anthropocene’. The plan for this Report was formulated on a retreat
3-5 June 2024. Over the following year, we reviewed and synthesised the latest peer-reviewed academic
research. Much of the content was presented for feedback from fellow researchers and practitioners at
the Global Tipping Points Conference 2025, 30 June-3 July at the University of Exeter, UK. That conference
helped us refine the narrative and key messages of this Report. The Report has subsequently been peer
reviewed by at least two researchers per section.

Structure

Recognising the need for improved governance responses to tipping point risks, we have changed the
structure somewhat from the Global Tipping Points Report 2023.

GOVERNANCE OF
EARTH SYSTEM
TIPPING POINTS

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025

Section1outlines the
unique challenges

of governing Earth
system tipping points
and offers guidance
to address them.

Section 3 updates
knowledge about
positive tipping
point opportunities
to transform

the energy and
food systems and
regenerate nature,
and actions to bring
them forward.

CASE
STUDIES

Section 2 provides an update on
underpinning knowledge about
Earth system tipping points and
the risks they pose.

Section 4 provides detailed

case studies of critical Earth
system tipping points at risk

and response opportunities: the
Amazon rainforest, Atlantic Ocean
circulation, warm-water coral
reefs, and a localised tipping point
of mountain glacier loss.
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Key Concepts

The Global Tipping Points Report 2023 provided a detailed introduction to tipping point concepts - here

we provide a refresher of some of the key concepts.

Figure 1. Sketch of a system being forced past a tipping point.

A tipping point is colloquially where a small change makes a big
difference to a system (Figure 1). More precisely, a tipping point is
defined as occurring when change in part of a system becomes self-
perpetuating beyond a threshold, leading fo substantial, widespread,
frequently abrupt and often irreversible impact(s). Self-perpetuation
of change means that it comes from within the system and will
continue even without any external forcing, until a new state is
reached. Abruptness means that the change is rapid relative to any
drivers forcing it. Irreversibility means that the change is difficult

to reverse, and typically takes more effort to reverse (it is harder to
push the ball back up the hill in Figure 1). Some forcing of a system is
usually needed to bring it to a tipping point, and a shifting balance of
feedback within the system is usually behind the tipping point.

Forcing just refers to an accumulating change that causally affects
a system. For example, global warming is forcing the melt of the
Greenland ice sheet, or when the UK government imposed a rising
floor price on carbon emissions that forced coal to become less
profitable in the UK power sector.

Feedback refers to a closed loop of causality in a system, whereby a
change in the system causes a response that feeds back to amplify
or dampen that initial change. Feedback mechanisms can be
mathematically positive or negative, depending on whether they
amplify or dampen the effects of an initial change.

Before a tipping point, damping/balancing/negative feedback tends
to dominate in a system and maintain the stability of its current state
(the ball initially sits in a steep-sided valley in Figure 1). However,
forcing can shift the balance of feedback in a system away from
damping/balancing/negative feedback to amplifying/reinforcing/
positive feedback (the valley gets shallower). If positive feedback
becomes strong enough to support self-perpetuating change then a
tipping point occurs (the ball rolls into the other valley).
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An example of amplifying feedback is when the Greenland ice sheet
melt causes its surface altitude to drop into warmer air, amplifying
the melt. This feedback gets stronger as global warming increases
and can reach a tipping point. To take our other example, when the
rising cost of coal burning caused investors to withdraw their financial
support for coal power, this made it less profitable, triggering other
investors to withdraw. As the floor price of carbon was increased by
the UK government this reached a tipping point.

Only a subset of all amplifying feedback loops can get strong enough
to support a tipping point of self-perpetuating change. The resulting
change is transient - it cannot continue indefinitely because at some
point it will reach a limit - for example, the ice sheet has disappeared
or coal has been eliminated from the power mix. Then, different
damping feedbacks tend to stabilise and ‘lock-in’ the new state of the
system.

The small change that causes a system to pass a tipping point is

often called a trigger. The trigger can come from outside or from
within a system. The rate of the resulting self-perpetuating change

is governed by the nature of the system, for example, the collapse of
ice sheets may still appear slow to us, whereas the decline of UK coal
burning unfolded in just a few years. The resulting big difference in the
system can be described as a qualitative change (in what the system
looks like and how it functions).

Tipping system denotes any system that can pass a tipping point.
Tipping element was originally introduced to describe large parts

of the climate system that could pass a tipping point (Lenton et al.,
2008). When used in other contexts we use a qualifier such as ‘social’
tipping element (Otto et al., 2020) or ‘social-ecological’ tipping
element, to avoid confusion. Tipping event describes the crossing of a
tipping point. Tipping dynamics describes the resulting changes that
unfold, and the instabilities that appear beforehand.

NI
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Governance implications of tipping points

The qualities of abruptness, irreversibility and qualitative change mean that tipping points have different governance implications than
more linear, reversible, proportionate changes. Here we highlight three key implications that help motivate the report and our choice to

start it with governance considerations in Section 1.

Managing irreversible, potentially catastrophic risks
demands precaution

Following IPCC (2022), risk is defined as the potential for adverse
consequences for human or ecological systems, recognising the
diversity of values and objectives associated with such systems.

Risk management refers to the process of identifying, assessing

and controlling threats or uncertainties that can potentially impact

a set of objectives. Risk management is a mature discipline, with
established principles and practices applied in diverse setftings across
human society, which can be usefully leveraged for our approach to
managing tipping point risks.

The precautionary principle emphasises caution if it is possible that a
given course of action may cause significant harm, particularly where
there is high uncertainty. The concept of risk appetite or tolerance
assesses how much risk an organisation is willing or able fo take.

Importantly, the irreversibility and magnitude of Earth system tipping
points requires a different risk management approach to reversible
and/or lower impact hazards, especially in the face of scientific
uncertainty about both when a tipping point will be crossed and the
severity of impacts that could ensue. Impacts include significant
disruption to food, water, energy, transport and economic systems.
Our risk appetite for such events should therefore be extremely low
and we should adopt a precautionary approach.

In cases of reversible risks, overestimating the likelihood or severity of
a risk early on can lead o excessive resource allocation for mitigation.
If a reversible risk is initially underestimated, it can be addressed later
on by allocating more resources to mitigation.

The opposite is true for managing irreversible tipping point risks.
Here, underestimating a risk early on in its development can mean
that the window to address it before reaching a tipping point may
close on those aiming fo mitigate or adapt in order fo stay within their
desired risk level. This loss of agency may be further exacerbated by
the severity of disruptive events experienced, reducing or de-railing
our capacity to take the coordinated action required fo mitigate the
tipping point risk.

Thus, uncertainty about where a damaging tipping point lies should
not be used as a reason for delay and inaction. On the contrary,
given the potential severity of impacts, action should be taken based
on a precautionary assessment within the uncertainty range - in
case it turns out to be correct. This is the only safe strategy to avoid
irreversible tipping point risks. If it turns out later that the risk was
overestimated that should be a cause for relief at having avoided the
worst.

Multiple drivers provide local agency

All Earth system tipping points are at increasing risk from global
warming, but some are also at risk from the combined effects of
climate change and local (non-climate) drivers. Those tipping points
that are predominantly climate-driven - for example, AMOC collapse

- are primarily sensitive to climate mitigation as a prevention strategy.

However, those with a mix of climate and non-climate drivers - such
as Amazon rainforest dieback and coral reef loss - are also sensitive
to mitigating non-climate drivers as a prevention strategy.
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In the latter cases, this provides an opportunity for national to local
action to help mitigate tipping point risk - for example, by reducing
deforestation of the Amazon, or reducing overfishing of coral reefs.
Both categories require coordination of prevention and adaptation
efforts (e.g., mobilisation of human and financial capital, goals and
timelines, information flows, institutional linkages). The latter also calls
for coordinating action across policy domains and scales (e.g., global
climate mitigation, national forest, agricultural and fisheries policies,
and local protected areas).

This has implications for governance. Anticipating climate-driven
tipping points requires a governance response aimed primarily at
mitigation, and (if that fails) preparing for the situation post-tipping to
limit the impacts in whatever way possible. Where there are multiple
drivers of a tipping point, anticipation enables more response options
to avoid the tipping event, through, for example, forest protection
against deforestation, or improved ecosystem and watershed
management to build resilience in coral reefs.

Urgency, opportunity and justice

The irreversible and potentially existential risk from crossing Earth
system tipping points demands an urgent response to prevent
triggering them (where that remains possible). In fact, it requires an
unprecedented acceleration of action to mitigate greenhouse gas
emissions and rapid scaling of carbon removal from the atmosphere.
The most effective way - and arguably the only credible way - to
achieve such acceleration is through enabling and triggering positive
tipping points where the change required becomes self-propelling. But
this brings its own risks and opportunities.

Among the opportunities, three out of four people in the world live in
net fossil fuel importing countries that are already starting to benefit
economically from decarbonising their economies. For the world’s
poorest without access to electricity, off-grid solar with battery
storage is starting to bring affordable electricity for the first time.
Eight million lives lost every year to fossil fuel air pollution can be
saved whilst ensuring energy security.

However, well-intentioned urgent action can have unintended
negative consequences. For example, the need to mine rare earth
metals fo meet growing demand for battery storage can perpetuate
injustices against local communities, such as those in the Republic of
the Congo facing war and instability linked to their living on mineral-
rich lands. The race to mine the seabed risks entire, under-explored
ecosystems and the ecosystem services they provide (Levin et al.
2020). Many scientists, government representatives, international
and non-governmental organizations have expressed their deep
concerns about the impacts of these activities (Villasante et al. 2025).

Clearly the consequences of urgent responses need to be thought
through from a justice and equity perspective, to ensure that in
seeking to avoid the massive human harm that crossing Earth system
tipping points will cause, new harms (or disbenefits) are minimised.
Governance mechanisms are needed fo ensure that those with
access to power and resources, who can capitalise on urgent need
for transformation, do not perpetuate further harms and injustices to
vulnerable people and places (Pereira et al. 2024).

In this report we highlight the critical role that governance needs to
play in identifying the most just interventions, where the losers are not
those that already suffer from the current system, and in ensuring that
legal mechanisms and inclusive policies are in place to protect those
that may be impacted (Pereira et al. 2025). We offer the report as a
contribution to collective reflection and just transformation in the face
of an urgent situation.

(NI
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Humanity is now confronting a planetary challenge of unprecedented
scale: the stability of the Earth system itself is at risk. Rising human
pressures are pushing the Earth towards potential tipping points that
could irreversibly shift large Earth system components into far less
hospitable conditions for humanity and non-human life. These tipping
processes unfold across vast scales of time and space, yet they can be
triggered suddenly and some very soon. Their implications for human
wellbeing and social stability cannot be overstated, but they are hard
to imagine.

Aftention to Earth system tipping points (ESTPs) has grown among
international organisations, policymakers and publics since the
publication of the first Global Tipping Points Report in 2023.

However, this increased attention has yet to generate the governance
responses-measures, actions and routines across international,
national and sub-national systems - necessary to address the specific
and severe risks of tipping processes.

Given that up to five tipping points could be crossed at global
temperature increases between 1.5°C and 2°C, the prospect of
temperature overshoot - warming above 1.5°C - by 2030 raises the
stakes for and underlines the urgency of tipping point governance
(Milkoreit et al., 2024), especially the need to devise effective
prevention strategies (Mdller et al., 2024; Wunderling et al., 2022).
Governments might assume that simply accelerating their existing
efforts to mitigate climate change and biodiversity loss suffice to
address tipping point risks, but they do not. Current approaches must
shift fundamentally in quality, speed and magnitude to minimize
the risks of crossing tipping points. Furthermore, a new governance
paradigm will be essential to address the impacts of crossing tipping
points (Biesbroek et al., 2025; Kim, 2022; Ruhl and Ruhl, 2022).

In this report, we present an updated assessment of the governance
implications of ESTPs - needs, options and approaches - considering
the latest science on tipping risks and expected impacts (see Section 2)
and global political developments over the last two years.

We include insights on the current state of ESTP governance efforts
around the world based on research (interviews and text analyses) we
conducted across ten countries in 2024/25. We present these findings
as a set of case-analytic boxes throughout the section distinguished
by background shading and marked with the headline Research
Insight: State of Governance.

We also deepen the application of our assessment to specific
tipping systems, especially the warm-water coral reefs, the Atlantic
Meridional Overturning Circulation (AMOC)/Subpolar Gyre (SPG)
ocean currents and the Amazon rainforest.

We define tipping point governance as “the rules, regulations, norms
and institutions that structure and guide collective behaviour and
actions” related to tipping points (GTPR 2023, Chapter 3.1.) and refer
to the concrete governance systems across various levels (especially
the international) and various actors, including the private sector and
civil society, which address the specific risks of Earth system tipping
processes.

1.1.1 Differences between governing
climate change and tipping points

Tipping processes transcend familiar categories of risk management
and governance, demanding new holistic thinking, systemic
approaches and coordinated action at the level of the Earth system.

Earth system governance and Earth system law (Kotzé and Kim, 2019)
take this broader perspective, recognizing the planet as a complex,
interconnected system prone to surprising and non-linear dynamics
(Biermann, 2014; Pattberg and Zelli, 2016). Yet most climate policies
and laws continue fo assume a predictable, linear process - treating
climate change as incremental and reversible (see Chapter 2.4). This
overlooks the risks of unintended consequences, accelerating changes
and the irreversibility of crossing thresholds.

It also downplays the intferconnected nature of various climate and
social subsystems and the corresponding need for integrated, cross-
domain (e.g. climate, biodiversity, human rights) and transboundary
approaches. Addressing these characteristics of tipping processes
requires governance approaches that differ, in some cases
fundamentally, from existing policies and institutions, which were not
designed with Earth system dynamics in mind.

We define a tipping point as occurring when changes in a system
become self-perpetuating and difficult to reverse beyond a threshold,
leading to substantial, widespread impacts (Armstrong McKay,

2024; Armstrong McKay et al., 2022; Milkoreit et al., 2018). ESTPs
refer to such changes in large components of the Earth system,
including major ice sheets (the cryosphere), biomes such as coral

reefs or forests (the biosphere), ocean currents (the hydrosphere) or
monsoons (the atmosphere). They could be catastrophic, for example,
resulting in the global-scale loss of capacity to grow major staple
crops. Crossing one ESTP can also contribute to triggering another,
causing a cascade of accelerating and compounding damage
(Wunderling et al., 2024). The characteristics and impacts of such
tipping processes are fundamentally different from the ways climate
change and other environmental challenges are currently understood.
Table 1.1.1identifies and describes these differences.

N
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Table 1.1.1: Differences between conventional climate change governance and governance for ESTPs

CHARACTERISTIC

DIFFERENCE TO CLIMATE CHANGE

GOVERNANCE IMPLICATIONS

THRESHOLDS = MOMENTS
OF COMMITMENT &
IRREVERSIBILITY

Once a tipping point is crossed for a certain
amount of time, the system is committed

to irreversible changes with long-term
consequences, regardless of mitigation
success (ability to return from temperature
overshoot).

It is imperative to prevent tipping to avoid irreversible changes. Near-term action
(or lack thereof) can have long-term consequences.

Measures should be proactive, based on heightened application of the
precautionary principle.

The single most important prevention measure is a rapid phase-out of greenhouse
gas emissions, methane in particular. Some tipping elements are also affected by
more local actions (e.g. deforestation, pollution).

Since prevention success is not guaranteed, impact governance needs to include
strategies for anticipating and preparing for ‘locked-in’ impacts over the long term.

ACCELERATION OF CHANGE

After a tipping point is crossed, the pace of
change accelerates due to self-amplifying
feedback dynamics. This acceleration can
overwhelm adaptation efforts and outpace

response capacities (Laybourn et al., 2023).

Since prevention is not guaranteed, adaptive and transformative capacity building
is needed to deal with potentially faster changes after a tipping point.

Proactive measures to increase institutional capacity and resilience are needed
before tipping points are crossed.

Governments risk overload, e.g. having to expend significant resources on
adaptation and disaster response, undermining mitigation and transition efforts
(‘derailment risk’).

INCREASED MAGNITUDE OF

Crossing tipping points can substantially

Conduct and revise risk and vulnerability assessments that include ESTPs.

IMPACTS _cmplify the severiTy_ of.clima’re change * Revisit adaptation plans, preparedness strategies and emergency planning to
impacts, (e.g. massive ice sheet melts address additional impacts.
causing significant additional sea-level rise). o . o . o
+ There is increased potential for reaching limits of adaptation and experiencing loss
and damage.
* Increased emphasis on transformative adaptation (e.g. planned relocation).
TREND REVERSALS The impacts of some tipping processes + Current adaptation plans and preparedness strategies need to be revisited to

would reverse the current and expected
direction of change in a region (e.g. cooling
rather than warming in Northern Europe)
(van Westen and Baatsen, 2025).

devise robust approaches that would be effective across multiple possible future
trajectories.

Investments in capacity building regarding future thinking and methods (e.g.
scenario development) would strengthen public organisations’ ability fo manage
increased uncertainty.

Increased reliance on general resilience principles (e.g. response diversity,
reflexivity and continuous learning, ability to rapidly respond to unexpected
developments).

There is an immediate need for strategic public communication about the potential
of trend reversals due to tipping points.

DIFFERENT DISTRIBUTION
OF IMPACTS

The geographic distribution of the impacts
of tipping processes differs to some extent
from the currently expected impacts of
climate change, creating distinct tipping
vulnerabilities. This includes additional
pressures on already vulnerable regions
and peoples, but also significant novel
vulnerabilities in the Global North (Thienen
etal., 2025).

New vulnerabilities could change national interests to act and reshape global
geopolitical dynamics related to climate change.

Tipping point impact, exposure and vulnerability need to be mapped, revising
assessments of climate vulnerability.

Need for the allocation of resources to resilience building, adaptation and loss and
damage through national and international funding mechanisms.

New vulnerability distributions should shape the application of equity and justice
principles (e.g. allocation of resources and support).

NOVEL IMPACTS

Uncertainty about tipping points implies
unforeseen and potentially unprecedented
impacts due to complex system dynamics
and limited knowledge of long-term Earth
system disruptions (Walker et al., 2023).

Lack of knowledge demands robust monitoring and research to improve
predictability while acknowledging that full scientific certainty about some elements
is often not attainable.

Flexible and adaptive governance systems are needed that can respond to
unforeseen risks and surprises. This includes response diversity - the availability of
multiple options in case of failure or unexpected impacts.

CASCADE EFFECTS

Tipping elements are interconnected;
crossing one tipping point can trigger
others, potentially at lower thresholds than
anticipated (Wunderling et al., 2024).

Risk assessments and prevention strategies need to include (anticipate and
consider) cascading potential (systemic risk).

Coordination and policy coherence across sectors and regions is vital to prevent
cascading failures.

Actors need to develop measures to halt or slow cascades (e.g. active decoupling
of systems).
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A critical difference between ESTPs and incremental climate change
lies in the heightened uncertainty regarding tipping dynamics,
especially the location of the tipping point (in fime, temperature
trajectory or other metrics). For example, uncertainty about the
threshold conditions for the collapse of the AMOC is combined with
the potential for severe and far-reaching global consequences
(Bellomo et al., 2021; Ben-Yami et al., 2024; Jackson et al., 2015;
Zhang et al., 2019). Governance systems must grapple with this dual
challenge: the irresponsibility of ignoring high-impact risks and the
difficulty of acting effectively when the timing, likelihood and specific
impacts of these events remain uncertain. For instance, northern
Europe could either continue its current trajectory of warming and
wetting or face a dramatic drop in temperature and drying within
decades (van Westen and Baatsen, 2025). This creates a changing
rationale for rapid climate mitigation efforts and profound challenges
for adaptation planning, which must now contend with a broader and
more divergent spectrum of possible futures and greater uncertainty
about these futures.

Because tipping points involve the risk of irreversible changes with
severe impacts at large scales, uncertainty about their timing

or thresholds strengthens - rather than weakens - the case

for precautionary action. To safeguard societies against these
uncertainties, governance must shift foward flexible and anticipatory
approaches that build resilience across multiple scenarios and

adopt no-regrets policy options that are beneficial regardless of the
climate trajectory. This includes new forms and tools of knowledge
co-production between science, other forms of knowledge and
policy (Wood et al., 2023), establishing monitoring and early warning
systems and fostering anticipatory, cooperative multi-stakeholder
governance to prepare for surprises.

Effectively responding to these challenges demands a distinct
governance agenda for ESTPs, including a rethinking of governance
objectives and logics, reforming and in some cases developing new
approaches (norms, policies, laws, mechanisms and institutions) and
engaging or creating new stakeholders.

1.1.2 Objectives, principles and logics for action

The primary objective of ESTP governance is to prevent the

Earth system from crossing tipping points. The action window for
prevention is likely very short for several tipping elements, although
some of these tipping processes would unfold over multiple decades
or even millennia. By creating causal connections between near-term
actions and long-term, large-scale changes in tightly connected
Earth-human systems, tipping points place a significant burden of
responsibility for prevention on today’s governance system.

Box 1.1.1: Prioritising the prevention of Earth system tipping
points

Preventing the crossing of ESTPs is unlikely with existing measures
for climate change mitigation. It requires

* Keeping the peak global temperature as close to 1.5°C as
possible, i.e. minimising the height of temperature overshoot.
Every additional 0.1°C increases the risk of transgressing ESTPs.

* Keeping the duration of temperature overshoot above 1.5°C
as short as possible (every year counts) and returning global
average temperatures to below 1.5°C.

* Minimising tfemperature overshoot requires (1) frontloaded
mitigation pathways with the heaviest cuts this and next
decade and (2) immediate development and scaling of
sustainable carbon removal capacities.

* Addressing non-climate drivers of tipping, such as
deforestation (e.g. Amazon rainforest) and pollution (e.g.
warm-water coral reefs).

At the same time, it is important to anticipate, prepare for and
navigate the change process to maximally protect communities,
societies and ecosystems in harm’s way in the event a tipping point
is not avoided. Prevention and impact governance are the first and
second line of defence against ESTPs. Each of the following two
chapters is dedicated to one of these governance domains (Chapter
1.2 to prevention, Chapter 1.3 to impact governance).
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The framework depicted in Figure 1.1.1 can guide the development of
governance responses to ESTPs (Milkoreit et al., 2024). Reflecting an
unfolding tipping process, the framework distinguishes three phases:
Pre-Tipping, Reorganisation, Stabilisation. In each phase, different
governance objectives, logics, activities and actors are dominant.

Prevention is the core focus of the pre-tipping phase and aims to
avoid crossing tipping points through precautionary action, especially
accelerated GHG emissions reduction, but also measures to address
other tipping drivers, such as deforestation (see Chapter 1.2).
Adaptation planning, impact anticipation and preparedness are also
tasks in phase 1. Once a tipping point is crossed, the tipping element
enters a reorganization process that can last from years to millennia
(phase 2).

The focus of governance for this specific tipping element shifts to
addressing the impacts of the reorganization process, managing
potentially rapid change, maintaining and fostering resilience,
minimizing harm and tending to losses (Chapter 1.3). This phase
requires swift impact responses, crisis management and adaptation
strategies fo navigate system transformation. Decision-making must
balance immediate governance needs (e.g. responding to extreme
events, managing migration, adapting health care provision) with
long-term stability. While prevention efforts are only meaningful in the
pre-tipping phase for a specific tipping element, impact governance
evolves across all three phases of the tipping process, shifting from
anticipation to response to resilience-building. The third phase
(stabilization) focuses on fostering societal sustainability and resilience
within the new climatic-ecological conditions of the alternative state
of the tipping element, which is likely less hospitable than current pre-
tipping conditions.

Different tipping elements can be in different (governance) phases at
any given moment in time. For example, while the warm-water coral
reef system might be in the reorganization phase in 2030, the Amazon
rainforest and the AMOC might still be in the pre-tipping phase.
Impact governance for one and prevention efforts for the others
would have to occur in parallel.

N
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TIME
PHASE PHASE 1: PHASE 2: PHASE 3:
PRE-TIPPING REORGANISATION STABILISATION
|
|
u
|
|
|
|
|
:
INITIAL TIPPING ALTERNATIVE
STABLE STATE POINT STABLE STATE
YEARS DECADES
< TIME HORIZON > DECADES ( MILLENNIA ) ( DECADES )
GOVERNANCE ANTICIPATION IMPACT
MODE & PREVENTION GOVERNANCE LAk
Prevention ExPerien;:ing Adiusting to th
Early Warning & Monitori impacts ljusting to the
GOALS & Elr.\zwl : ;;Ieng evelgglr: ;ﬂg Adaptation new, potentially
ACTIVITIES Impact Anficipation Disaster Response inhospitable,
Risk Assessments Loss & Damage stable state
Management

Figure 1.1.1: Three-phase framework for governance of ESTPs

Reprint of Milkoreit et al. 2024: The figure distinguishes three phases of tipping processes (pre-tipping, reorganisation and stabilization). Each
phase presents distinct governance challenges and has a corresponding dominant logic (e.g. anticipation and prevention in the pre-tipping
phase), specific goals and activities.
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Across all phases, knowledge and learning play a central role

in informing decision-making. Science and other knowledge

actors assume key responsibilities for fostering recognition and
understanding of nonlinear Earth system dynamics and the risks

they present. These actors continuously generate and update the
knowledge base without which effective governance responses cannot
be devised. Science-policy interactions serve as the bridge that links
emerging insights to legitimate and coordinated action.

Table 1.1.2: Principles and approaches for ESTP governance

The framework focuses on each tipping element independently and
does not account for cascading tipping effects between systems,
e.g. the fact that one tipping process can influence the likelihood and
prevention requirements of another. Governance approaches must
also be tailored to different tipping systems, as their timelines and
intervention needs vary.

Effectively addressing ESTPs requires a specific set of principles and
approaches. These were discussed in more detail in GTPR 2023,
including examples (see Chapter 3.1 GTPR 2023) and are summarised
in Table 1.1.2.

Principle/Approach Definition

Adaptive Governance

Governance that integrates continuous learning, system monitoring and flexible policy adjustments. Recognizes the complexity of

human-nature systems and the need for iterative, science-informed decision-making.

Anticipatory Governance A proactive, forward looking approach using futures capacities and methods (e.g. scenario development) to guide decisions and
strategies. Needs to address power imbalances, injustices and expand possibility thinking.

Deep Cooperation

Addressing ESTPs demands strong international, regional and sectoral collaboration. Tipping points may provoke short-term,

competitive responses (e.g. resource grabbing, nationalism), which must be countered with sustained global cooperation efforts.

Justice, Equity, Human
Rights & Future Care

Fair distribution of responsibilities, harms and benefits within and between nations, peoples, species and generations. This includes Earth
system justice (intragenerational, intergenerational, interspecies justice) and common but differentiated responsibilities and capabilities.

This demands equitable resource allocation, procedural justice and recognition of affected communities, eco- and Earth systems and
institutions dedicated to safeguarding future and non-human interests, all aligned with human rights.

Multi-level Governance & = System of decision-making in which authority and policy responsibilities are distributed across multiple levels of government—local,

Polycentricity

regional, national and international—with full and effective participation of human rights holders and respect of human rights.

Emphasizes collaboration, coordination and power-sharing fo address complex challenges that transcend administrative boundaries.

Response Diversity

The presence of multiple governance measures that respond differently to a specific challenge. Response diversity creates redundancy,

which incurs costs but prevents systemic failure. Needs coordinated multi-level approaches.

Systemic Risk
Governance

Framework for identifying, assessing and managing risks that can trigger disruptions across interconnected systems, such as financial
markets, critical infrastructure, or ecosystems. Emphasizes adaptive, multi-stakeholder approaches fo enhance resilience, prevent

cascading failures and ensure stability in the face of complex and uncertain threats. Apply synergistically climate law, ocean law,
biodiversity law and human rights law as a legal basis for systemic risk governance.

Uncertainty & Precaution

Governance of ESTPs must navigate scientific and political uncertainties, including unknown tipping-point and impact timelines. The

precautionary principle calls for preventive action despite incomplete knowledge.

Here, we highlight two principles that are particularly relevant in the
pre-tipping, vital preventative phase (see Figure 1.1.1) with a view to
the impending global temperature overshoot.

Anticipatory Governance embraces a stronger future orientation
through disciplined engagement with possible futures. It takes
seriously the deep uncertainties of ESTPs and marks a shift away
from likelihood to risk severity as the primary driver for action. It
utilizes diverse methods of collective future engagement, such as
participatory scenario development or serious gaming, to generate
and inform proactive measures. Governance time horizons are
expanded beyond political cycles, with decisions that are made
with long-term impact horizons. This multi-temporality involves
assessing and acting upon intra- and inter-generational impacts and
necessitates expanding governance actors to include younger and
future generations.

Systemic Risk Governance encompasses those risks that have the
potential to compound and cascade within and between different
systems (such as climate, food, water, health, finance, social
cohesion, tfechnologies, etc.). The resulting crises feed into each other,
increasing their severity and/or likelihood and risk escalating into
potentially catastrophic harms to human societies and ecosystems.
Chapter 2.4 sets out a framing of systemic risk in the context of
ESTPs. This includes their direct consequences on the biophysical
environment (e.g. agriculture, buildings, infrastructure), as well as the
subsequent cascading consequences (e.g. financial crises, mortality,
trade disruption, social unrest) (IPBES, 2024).
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Governing such dynamics requires a holistic, systemic approach

to assessing and responding to ESTP risks. Those undertaking
assessments and those designing and implementing responses must
utilise an enhanced understanding of systems interconnections and
risk fransmission channels, develop policies and responses that can
address multiple risks simultaneously, particularly at the most fragile
points of systems and their interconnections and envision pathways to
transformation away from risky system conditions.

ESTP governance also must contend with tipping dynamics in social
systems. It is useful to distinguish between two kinds of social tipping
points, each having very different implications for ESTP response.
Positive tipping points (see Section 3) involve self-amplifying feedback
dynamics that drive social systems (e.g. economic sectors, consumer
behaviour or social norms) towards a desirable state (Tabara et al.,
2018; Winkelmann et al., 2022). Such deliberate dynamics in social
systems could potentially be leveraged for ESTP prevention efforts
(Chapter 1.2) and potentially adaptation and resilience building
(Chapter 1.3). The second type of social tipping dynamics concerns
negative social tipping points, where self-amplifying feedbacks after
a threshold drive undesirable social change, e.g. political polarization,
social unrest and conflict. This type of tipping creates additional
challenges for the domain of impact governance (Chapter 1.3).
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1.1.3 Current context: Science and
global governance reforms in times of a
weakening global order

2024 was the first calendar year with average global temperatures
exceeding 1.5°C above pre-industrial levels (Bevacqua et al., 2025).
Critical carbon sinks, such as the Arctic tundra and Northern boreal
forests, are now shifting o become carbon sources, amplifying global
warming (Kelly et al., 2024; Migliavacca et al., 2025; Pan, 2024).
Additionally, unusual ocean heat extremes—still not fully understood
by scientists—signal nonlinear response in Earth’s systems and recent
observations put in question the previously assumed linearity of
temperature changes (Hansen et al., 2025). These developments
signal declining system resilience and suggest that the world is
entering a more turbulent and unpredictable climatic era, in which the
decline of natural systems could accelerate with severe implications
for human wellbeing (McElwee et al., 2025).

Amid a steady longer-term decline in global environmental diplomacy,
2024 and 2025 saw some developments in global governance aimed
at addressing the long-term risks of planetary change. The UN
Summit of the Future in September 2024 adopted the Declaration
on Future Generations and commitments to foster governance
across all scales that is more future-oriented and intergenerational.
The UN Secretary-General announced plans to establish a UN

Envoy for Future Generations and the European Commission
included intergenerational fairness in its policy portfolio, further
institutionalizing intergenerational relations. Climate litigation was
on the rise and several international courts and tribunals provided
advisory opinions on the legal obligations of states related to

climate change: the International Court of Justice (ICJ AO 2025), the
Inter-American Court of Human Rights (IACHR AO 32/25) and the
International Tribunal on the Law of the Sea (ITLOS AO 31/2024). At
the same time, effective mechanisms for enforcing state obligations
are lacking in international law.

Recent global political tfrends, especially a rise of right-wing,
nationalist, anti-science and protectionist governments in many

parts of the world have weakened the potential for multilateral
cooperation on both climate change and tipping processes, as major
powers prioritize sovereignty and national gain over collective action.
Geopolitical fractures and realignments further erode consensus,
potentially compromising multilateral, cooperative institution building.
Conflicts divert attention and resources away from climate action,
while domestic political agendas reduce public, governmental and
private sector support for environmental policies. In this landscape,
where major actors fail fo identify and act on their shared interests,
global governance efforts to address ESTPs may face serious
constraints, emphasising the importance of subnational and non-state
actors and ad hoc coalitions. Smaller scale, minilateral initiatives (e.g.
the G7) have been and may remain feasible under current conditions
and can provide a platform for expanding to larger scale agreements
(O’Brien et al., 2025).

1.1.4 Deep dives: Four tipping-point
case studies

Throughout this report, three key tipping systems - the Amazon
rainforest, the world’s warm-water coral reefs, the Atlantic Meridional
Overturning Circulation (AMOC) coupled with the Subpolar Gyre
(SPG) and mountain glaciers - serve as case studies to deepen
understanding and promote practical relevance of the Report. We
briefly introduce these four cases here, highlighting the comparative
insights they provide specifically for ESTP governance. Section 4
includes a dedicated case study chapter for each of them and Section
2 provides more details on the tipping dynamics, risks and impacts of
these and other identified tipping elements in the Earth system.
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Collapse of the Atlantic Meridional Ocean current (AOC) and
Subpolar Gyre (SPG): The AMOC is a critical system of ocean currents
in the Atlantic Ocean, extending from the tropics to the North Atlantic.
It plays a vital role in regulating global climate by transporting warm
surface water northward and cold deep water southward. In its stable
state, the AMOC maintains relatively mild climates in Europe and
influences weather patterns worldwide. This circulation could weaken
or collapse, leading to profound environmental changes—such as
significant North Atlantic cooling, altered precipitation patterns, a
shift of the tropical rain belt affecting the Amazon rainforest and
disruptions to Monsoons in West Africa and Asia—which would have
wide-ranging human and social impacts. These include threats to
food security from reduced agricultural productivity and fisheries
collapse, heightened risks to water availability and economic losses
from damaged infrastructure, disrupted trade and energy system
instability.

Closely related to the AMOC is the formation of deep water in

the Subpolar Gyre (SPG), a large system of rotating currents in

the northern North Atlantic. While smaller in scale, a collapse of
deep-water formation in the SPG would have similar—though

more geographically concentrated—consequences, particularly for
European and North Atlantic climates. Impacts could include regional
cooling, changes in storm tracks and disruptions to marine ecosystems
with consequences for agriculture and food security, fisheries,
infrastructure and public health.

The AMOC and SPG are closely interconnected. A collapse of SPG
deep convection would leave only deep convection in the Greenland-
Iceland-Norwegian Seas driving the AMOC and a weakening of

the gyre would affect the density and flow of waters that drive
overturning circulation. This interdependence underscores the
importance of viewing these tipping elements not in isolation but as
part of a tightly coupled Earth system, where regional changes can
cascade into global consequences.

Dieback of the Amazon rainforest: The Amazon rainforest plays a
vital role in regulating the Earth’s climate by storing carbon, recycling
moisture through evapotranspiration and generating rainfall that
sustains ecosystems across South America. If deforestation and
climate-change induced drought push the Amazon beyond a tipping
point, large parts of the rainforest could shift irreversibly to a
savanna-like state. Such dieback would release massive amounts of
carbon into the atmosphere, further accelerating global warming.

The consequences would extend well beyond the forest itself.
Regionally, the Amazon strongly influences South America’s hydrology
through its role in sustaining atmospheric rivers—bands of moisture
that carry rainfall across the continent. Dieback would weaken

these systems, reducing water availability for major agricultural
regions in Brazil, Argentina and beyond, with cascading impacts on
biodiversity, food production, hydropower generation and urban
water supplies. Globally, loss of the Amazon'’s moisture recycling could
alter atmospheric circulation patterns, including shifts in tropical
rainfall belts and monsoons in Africa and Asia, with implications for
agriculture, desertification and water security on multiple continents.

Human and societal impacts would be profound. In South America,
reduced agricultural productivity threatens rural livelihoods and
national economies, while respiratory illness from forest fires and
altered patterns of infectious disease would undermine public health.
Globally, disruptions to South American agricultural exports such as
soy, maize, beef and coffee could destabilize global food markets,
increasing price volatility and food insecurity in other regions. The
Amazon’s unparalleled biodiversity—harbouring around 10% of known
species—would face irreversible loss, undermining global ecological
resilience and the future availability of genetic resources for medicine,
food and adaptation. Indigenous peoples and local communities,
whose cultural identities, traditions and survival are closely tied to

the rainforest, would face existential threats to their ways of life.
Migration would increase, as people seek out more stability in water,
food and cultural systems.

e N
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Dieback of warm-water coral reefs: Tropical coral reefs are
predominantly found in shallow, warm ocean waters near the equator,
with significant formations in regions such as the Great Barrier Reef
in Australia, the Coral Triangle in Southeast Asia and the Caribbean
Sea. These vibrant ecosystems support roughly a quarter of all
marine species and provide critical coastal protection and livelihoods
for millions of people. In their healthy state, coral reefs sustain rich
biodiversity, fisheries and tourism economies. However, rising ocean
temperatures, acidification, overfishing and pollution can lead to
coral bleaching and mortality. Crossing a tipping point could result in
the widespread collapse of reef ecosystems, causing a dramatic loss
of marine biodiversity, diminished fish stocks and weakened coastal
defences against storms and erosion.

The human and societal consequences would be severe. Regionally,
hundreds of millions of people across the tropics rely on coral reefs for
food security, employment and coastal protection. A collapse would
jeopardize fisheries that provide both protein and income, disrupt
tourism economies and expose coastal communities to intensified
storm damage, sea-level rise and groundwater salination. Public
health could also suffer from increased malnutrition, reduced income
for healthcare and trauma from more frequent disasters.

Melting of mountain glaciers: Mountain glaciers are found on every
continent, from the Andes and the Rockies to the Alps, Himalayas and
East Africa. In many of these regions, glaciers are critical components
of their regional hydrological systems, acting as natural reservoirs
that store water throughout the year, releasing it as meltwater in
warmer seasons. They regulate river flows, sustain ecosystems and
provide a crucial water supply buffer during dry periods. However,
rising global temperatures are driving rapid glacier retreat worldwide.
In many regions, glaciers are retreating and continued warming
threatens the near-total disappearance of smaller glaciers within this
century. Some mountain glaciers display tipping dynamics, i.e., ice loss
accelerates after a threshold and is lost irreversibly.

The impacts of widespread glacier melt are far-reaching. Regionally,
hundreds of millions of people in South America and Asia depend on
glacier-fed rivers such as the Ganges, for drinking water, irrigation
and hydropower. Accelerated melting initially increases river

flows, heightening the risk of floods, glacial lake outburst events

and landslides. As glaciers shrink, water availability in dry seasons
declines, threatening food production, energy security and urban
water supplies. Local communities, particularly Indigenous peoples
and mountain cultures, face profound disruptions to livelihoods and
cultural identities tied to glaciers. The decline of iconic glaciers also
represents a loss of cultural and natural heritage, with implications for
tourism economies and human identity.
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These four systems illustrate the diversity of tipping elements in the
Earth system and the broad challenges they pose. Analysing their
similarities, differences and linkages provides key insights for effective
governance responses. The AMOC, Amazon Rainforest and coral
reefs occupy distinct geographic regions with unique ecological

and climatic roles. Each case highlights who—countries, regions

and communities—will be most affected by a given tipping process.
Collectively, they show that tipping impacts will reach every country
and person while also underscoring their uneven distribution. This
highlights the need for governance approaches tailored to each
system and the importance of equity and justice in ESTP governance.

These systems also differ in their timelines and uncertainties,
emphasizing why temporality matters for governance. Each tipping
system is subject to different levels of scientific uncertainty and
varying degrees of knowledge about expected impacts. Coral-reef
tipping is imminent, unfolding over 10-15 years, the Amazon could
reach its tipping point well before 2050, while AMOC tipping may
occur sometime between 2030 and 2100, unfolding over multiple
decades. Different timelines demand different actions—for example,
preparing communities for coral reef loss while accelerating
emissions reductions to prevent AMOC collapse. Examined together,
their temporalities underscore both the urgency of immediate
action and the need for long-term strategies. Additionally, their
interconnectedness means one tipping event could trigger others,
amplifying global climate risks—such as AMOC disruptions altering
Amazon rainfall and accelerating dieback or vice versa.

1.1.5 A Guide to Section 1

Following this introduction, the governance section of the Report
contains four chapters. The following two chapters cover prevention
of ESTPs and impact governance—two distinct governance domains.
Chapter 1.4 explores the link between ESTP governance and human
rights. The final chapter (1.5) explores actors, their agency and
potential strategies to address the risks of ESTPs.

N
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1.2.1The case for prevention

Given the substantial risks posed by Earth system tipping points which means that the prevention window for some of these tipping
(ESTPs; see Section 2), the Global Tipping Points Report (2023) processes may be closing quickly (e.g. there is consensus that the
highlighted that prevention should be the core goal and logic of a uncertainty range for the tipping point of the warm-water coral reefs
new and urgently needed global governance agenda. Up to five has an upper bound at 2.0°C; Figure 1.2.1). The length of time it will
tipping points (in the warm-water coral reefs, Greenland Ice Sheet, remain open is different for each tipping system, depending on its
West Antarctic Ice Sheet, North Atlantic Subpolar Gyre (SPG), and specific drivers, especially the trajectory of global mean temperature
Permafrost) could be transgressed at the current level of warming, and associated changes in regional means and variability, as well as
with a further five becoming at risk at 1.5°C (Armstrong McKay et al. other factors such as pollution, deforestation, and other more regional
2022; Figure 1.2.1). The 1.5°C threshold will be reached within a few stressors (Global Tipping Points Report 2023).

years (Bevacqua, Schleussner & Zscheischler, 2025),

0,
TRAJECTORY 3 C
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POLICIES
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PARIS RANGE ——
CURRENT LEVEL i | ‘
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pre-industrial levels

Coral West Antarctic Subpolar Gyre  Atlantic Meridional Mountain Amazon
Reefs Ice Sheet Convection Overturning Circulation  Glaciers Rainforest
Die-off Collapse Collapse Collapse Retreat Die-back

Figure 1.2.1: Risks of Earth system tipping points increase with global warming. Sources: Global Tipping Points Report 2025 and
Armstrong McKay et al., 2022

When devising prevention strategies, it is useful to divide ESTPs into Both groups, but especially the latter, require coordination of efforts
two groups: i) those that are predominantly climate-driven (e.g. (e.g. goals and timelines, information flows, institutional linkages) and
Atlantic Meridional Overturning Circulation - AMOC collapse) and governance across policy domains and scales (e.g. global climate
therefore are not sensitive to anything but climate mitigation as a mitigation and national forest and agricultural policies). Figure 1.2.2
prevention strategy, and possibly geoengineering (discussed in full identifies relevant drivers for three case studies we explore throughout
below); and ii) those with a mix of climate and non-climate related the report.

drivers (e.g. Amazon rainforest dieback; Table 1.2.1; Figure 1.2.2).

N
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Table 1.2.1: Climate- vs. multi-driver (including climate) Earth system tipping elements. ESTPs can be divided into two groups: those that are
nearly entirely climate-driven and are not sensitive to anything but mitigation as a prevention strategy (e.g. AMOC collapse), and those with a

mix of climate- and non-climate-related drivers

ESTPs predominantly driven by climate

ESTPs driven by a mix of climate and non-climate drivers

Glacier retreat (although one driver [black carbon] is regionally generated)

Boreal forests

Ice Sheets (Greenland and East & West Antarctica)

Coral reefs

Ocean circulation (AMOC, SPG and Southern Ocean)

Dryland degradation

Permafrost thaw (except for a small contribution from vegetation change)

Lake browning

Sea ice loss (although one driver [black carbon] is regionally generated)

Mangroves

Marine regime shifts (fisheries etc)

Monsoon

Savannah degradation

Temperate forests

Tropical forests

AMAZON FOREST DIEBACK

DC: atmospheric warming (1)

DC:drying (1)

NC: deforestation/degradation (1)

CA: increasing fire frequency/intensity (1)

PRIMARY DRIVERS

DC: heatwaves (1)

CA: El Nifio-Southern Oscil (ENSO)i i ion (1)
CA: AMOC/SPG weakening/collapse (1)

CA: terrestrial greening ( | declining)

Permanent avoidance
Delay the timing of a tipping process
Slow the rate of impacts

Potential intermediary stable state

PRIMARY DRIVERS

SECONDARY DRIVERS

ROLE OF PREVENTION

AMOC/SPG

DC: ocean warming (1)

DC: precipitation increase (1)

CA:ice sheet mrltwater increase (in future 1)
CA: river discharge increase (1)

PRIMARY DRIVERS

DC: regional aerosol forcing increase (|)
CA: sea ice extent & thickness decrease (1)
CA: regional ocean circulation changes (?)
CA: wind frends (?)

CA: sea ice formation (?)

SECONDARY DRIVERS

Permanent avoidance
Delay the timing of a tipping process
Slow the rate of impacts

Potential intermediary stable state?

CORAL REEF DIE OFF

DC: ocean warming (1)

DC: marine heatwaves (1)

NC: water pollution (nutrient/sediment) (1)
NC: disruption (shipping, over-harvesting) (1)

DC: storm intensity (1)
CA: ocean acidification (1)
CA: disease spread (1)

CA: invasive species (1)
CA: sealevel rise (1)
CA: disease spread (1)

Delay the timing of a tipping process?
Slow the rate of impacts

Figure 1.2.2: Multiple drivers of ESTPs. Primary (more important) and secondary (less important) drivers of the ESTPs focussed on in this report,
and the role prevention can play for each. DC: Direct climate driver (direct impact of emissions on meteorological variables via radiative forcing;
pink); CA: Climate-associated driver (including second-order and associated effects of climate change; orange); NC: Non-climate driver (brown).
Drivers can enhance (/") or counter () tipping. Prevention efforts can have a variety of goals: complete success (permanent avoidance);
delaying the timing of a tipping process - i.e. moving the time when the critical threshold is reached further into the future (e.g. beneficial for
anticipatory adaptation planning); slowing the rate at which the impacts of crossing a tipping point unfold, somewhat easing the corresponding
adaptation challenges; and, if a tipping system has multiple stable states, prevention efforts might fail to avoid the first tipping point, leading to
significant changes until the system settles in its first alternative stable state, but might succeed in averting further tipping to the next state.
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In most cases, global temperature increase is a key driver, placing
accelerated climate change mitigation at the heart of effective
prevention strategies. Entering the domain of temperature overshoot
has important implications for prevention efforts (Wunderling et al.,
2023; Maller et al., 2024). Tipping risk increases with every additional
0.1°C of overshoot above 1.5°C and strongly accelerates for peak
warming above 2.0°C (Mdller et al. 2024; Figure 1.2.1). Reducing

the risk of tipping-point transgression requires a global collective
effort to minimise both the peak temperature and the length of the
overshoot period, while returning the global mean temperature

to or below 1.5°C with sustainable carbon removal technologies.

As every tenth of a degree of warming increases tipping risks (Figure
1.2.1), an immediate, inclusive, and comprehensive effort is required
to phase out anthropogenic greenhouse gas emissions as quickly as
possible. Although mitigation would be required even in the absence
of tipping threats, the severity and potential irreversibility of tipping
points provide a strong additional reason to phase out greenhouse
gas emissions swiftly and, in particular, limit temperature overshoot.
As long as uncertainties remain large, a precautionary standard
assumption is that every additional tenth of a degree of warming, and
every additional year of temperature overshoot, increases tipping risk
and should be avoided.

Global mitigation pathways should peak as close to0 1.5°C as
possible and return to, or even below, 1.5°C as soon as possible. This
requires frontloading emission reductions, maximising efforts in the
remaining 2020s and early 2030s. It also demands immediate scaling
of investments in developing sustainable carbon removal capacities,
which are necessary to bring the global temperature back down from
its peak. Furthermore, any additional stresses experienced during the
overshoot period will mean ESTPs occur sooner (Willcock et al., 2023),
emphasising the importance of simultaneously managing non-climate
drivers (Table 1.2.1; Figure 1.2.1).

Key factors holding back progress on climate mitigation (including,
for example, power, financial interests, political economy and
obstruction) are well understood and discussed elsewhere (e.g. Global
Tipping Points Report 2023; Willis et al., 2022). While current political
developments are making globally coordinated action even more
difficult, slow progress at the global level under current processes/
architecture must not be an excuse to delay action. Change can and
should still be pursued at local, regional, national and supranational
(e.g. EU, AU, ASEAN) levels (Box 1.2.1), as well as through novel
international governance upgrades such as highly effective “smart
coalition” approaches (Climate Governance Commission, 2023). For
example, individual countries or trading blocs investing in electric
vehicles and/or renewable energy can reduce global production costs
and may make it more likely that other regions or nations will adopt
these technologies (Mercure et al., 2024).
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Box 1.2.1: Research Insight: State of Governance
ESTPs in European policy discourse: linking risk to governance

Over the past several years, government and parliamentary
actors in Norway, Germany, and the UK have increasingly
referenced climate tipping points in connection with the 1.5°C
global temperature goal. Across these countries, the prospect of
transgressing critical thresholds—such as Amazon forest dieback
or ice sheet collapse—is being used o emphasize the urgency of
rapid emissions reductions. However, there are notable differences
in how this risk is translated into policy direction.

In all three countries, tipping points are largely framed as looming,
irreversible threats that amplify the case for delivering on existing
climate commitments—particularly mitigation targets under the
Paris Agreement. Parliamentary actors and civil society groups
use the language of tipping points to stress the need for faster and
more ambitious climate action. For example, Norwegian officials
and NGOs cite tipping risks to argue for embedding the 1.5°C
target more deeply in law and policy. In the UK, political leaders
frequently invoke tipping points to highlight the inadequacy of
current emissions plans and the consequences of falling short.

Yet across contexts, the discourse remains anchored in reinforcing
current goals rather than evolving them. Whilst current goals

are helpful, more is needed. Tipping points are deployed as
rhetorical devices to raise the stakes, not as drivers of new
governance strategies. Despite acknowledging that these risks
mark a fundamentally different class of climate threat—abrupt,
nonlinear, and irreversible—there is little recognition that
preventing or managing them may require distinct institutional
reforms, risk governance mechanisms, or anticipatory planning.
In short, tipping points have entered the political lexicon without a
corresponding set of actionable ideas for how they should reshape
policy and governance.

This reveals a growing gap between scientific understanding and
institutional response/creativity. Strengthening the link between
tipping point science and concrete governance innovation, to
forge new ground in order to safeguard human flourishing, will
be essential fo address the unique challenges these risks pose—
and to ensure that the invocation of urgency leads to more than
rhetorical momentum.

N
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Here, we provide guidance to assist governance actors (Chapter 1.5),
especially those at national and international-scale, in preventing the
transgression of ESTPs. We highlight specific examples of governance
required to prevent irreversible transitions of the AMOC (Box 1.2.2)
and Amazon rainforest (Box 1.2.3). These contrasting case studies
were chosen to illustrate possible preventative action across distinct
types of ESTPs based on: drivers (i.e. mostly climate drivers for AMOC
vs significant non-climate drivers for the Amazon), fime horizons
(more distant vs urgent), and the need for multi-scale governance
(predominantly international vs across scales). We did not focus

on coral reef die-off as it may not be possible to prevent this ESTP
(Table 1.2.1), instead, urgent impact governance should be prioritised
(Chapter 1.3) in the case of this ESTP.

Box 1.2.2: An introduction to preventing the AMOC ESTP

The AMOC and Subpolar Gyre (SPG) ESTPs are only subject to
climate-related drivers. For both, a reduction in surface water
density in the North Atlantic can cause tipping, because it prevents
surface waters from sinking (AMOC) or being mixed with deeper
waters (SPG; also relevant for AMOC; Gregory et al., 2016;
Golledge et al., 2019; Armstrong-McKay et al., 2022). All of these
dynamics are driven by increases in atmospheric temperature.
Anthropogenic aerosols (e.g. from shipping emissions) partly
counteract this because they cool the ocean surface (Hassan et
al., 2021). See AMOC Case Study for more details.

As AMOC and SPG have no non-climate drivers equivalent fo
deforestation in the Amazon (see Box 1.2.3), ambitious climate
mitigation - net phase out - is the key measure to prevent their
tipping. Key to this is strengthening international cooperation and
climate action at national, regional and local scales and ensuring
implementation of commitments.There is some evidence that
AMOC tipping is sensitive to the rate of warming and not just the
magnitude (Lohmann & Ditlevsen 2021), so limiting the rate of
global temperature rises could be a key governance target.

Box 1.2.3: An introduction to preventing the Amazon ESTP

The Amazon forest is losing resilience and large parts of the
Amazon could change to a contrasting degraded state, such as
non-forest flammable ecosystems (Boulton et al., 2022). Flores et
al., (2024) summarise the latest knowledge of when the Amazon
forest may pass critical thresholds, with tipping points expected:
i) after increases in global temperature of between 2 and 6°C,

i) if precipitation drops below 1,000-1,800mm per year, iii) if
seasonality increases, resulting in a maximum cumulative water
deficit of ~350-450mm, iv) if dry season length increases to
between 5 and 7 months, or v) if deforestation reaches 10-20%
of the original forest biome. However, if two or more of these
thresholds are approached simultaneously, then a tipping point
may occur before any of these individual thresholds are crossed
(Cooper et al., 2020; Willcock et al., 2023). See Chapter 4.1 for
more details.

Preventing these undesired ecosystem transitions in the
Amazonian system requires not only limiting temperature and
precipitation changes, but also regional and national land-use
management. Given these multiple drivers operating from global
to sub-national scales, the Amazon ESTP requires coordinated
cross-scale approaches (polycentric prevention).

N
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1.2.2 Building on existing governance
frameworks

Existing institutions and governance measures across scales provide
important entry points for ESTP prevention efforts. The international
climate change regime complex, including governance of short-lived
climate pollutants (SLCPs) and emerging activities related to carbon
dioxide removal (CDR) and other geoengineering approaches, is
particularly important for addressing climate-related drivers of
tipping processes.

International climate change governance

Global climate change governance is centred around the Paris
Agreement and the United Nations Framework Convention on Climate
Change (UNFCCC). None of the elements of the Paris Agreement
regime are specifically designed to address the risks associated
with tipping points (Global Tipping Points Report 2023). The current
implementation of the Agreement also falls short of achieving its
temperature goals, both the overarching goal of keeping global
warming to well below 2°C above pre-industrial levels and the more
ambitious one of 1.5°C (United Nations Environment Programme,
2024). This matters for ESTP prevention since some tipping points
could be triggered within the range of 1.5°C-2.0°C (Figure 1.2.1).

Addressing tipping-point risks within the Paris Agreement would
focus on ‘pursuing efforts’ to limit global temperature rise to 1.5°C,
and to keep them ‘well below’ 2.0°C. Given the 1.5°C threshold will

be reached within a few years (Bevacqua et al., 2025), actors at all
levels must strive for every 0.1°C warming that can be avoided
below 2.0°C (Chapter 1.5). This requires interpreting Article 4 of

the Paris Agreement (‘reach global peaking of greenhouse gas
emissions as soon as possible’) as to minimise tfemperature overshoot,
rethinking acceptable mitigation pathways to minimise the overshoot
period, including risks of ESTPs in Nationally Determined Contributions
(NDCs) and the Global Stocktake, and substantially strengthening its
review and transparency frameworks (Global Tipping Points Report
2023). For example, the second Global Stocktake process could
explicitly address to what extent collective prevention efforts have
limited the risk of passing ESTPs. Further, the risk of ESTPs should
be considered as part of a third Periodic Review (UNFCCC 2024)
of the adequacy of the long-term global temperature goal and the
progress towards achieving it, as well as under the Mitigation Work
Programme (Global Tipping Points Report 2023).

The single most important prevention measure is to phase out
net greenhouse gas emissions rapidly. Thus, there is a need to
transition away from fossil fuel use, not only in the energy system,
but across societies, although this is not unique to ESTP governance
(lyer et al., 2022).

Further, an increased focus on reducing short-lived climate
pollutants (SLCPs) can lead to particularly rapid reductions in global
temperature increase, thus minimising overshoot and the risk of
ESTPs (Global Tipping Points Report 2023). Several institutions and
initiatives address SLCPs at global and regional levels, including the
Climate and Clean Air Coalition, the Global Methane Pledge, and the
Arctic Council (Yamineva et al., 2023). Individual SLCPs are integrated
into legal frameworks under the Gothenburg Protocol (black

carbon), the Kigali Amendment to the Montreal Protocol (HFCs),

and the UN Framework Convention on Climate Change (UNFCCC)/
Paris Agreement (methane). Despite these efforts, there remains
significant potential for stronger action on SLCPs, particularly on
methane and black carbon emissions (UNEP & CCAC, 2021; Sun et

al 2022). The Norwegian Ministry of Climate and Environment has
recently justified pursuing and funding international collaborative
efforts to reduce SLCPs, e.g. methane, black carbon (soot) and
hydrofluorocarbons (HFCs), due to tipping-point risks. Since SLCPs
have a shorter lifespan than CO2, and emission reductions of this kind
can have a short-term climate effect, they argued: “This is essential
for achieving the Paris Agreement’s temperature goals and reduces
the risk of crossing irreversible climate tipping points in the Arctic,
which will have major global consequences.” (Norwegian Government
Prop1S., 2024, p. 181).

global-tipping-points.org 63



@ Global tipping points | Section 1 Governance of Earth system tipping points

Although many nations have enacted laws and policies advancing
decarbonization to meet global climate goals, no existing national
efforts are devoted specifically fo preventing major tipping point
events (Global Tipping Points Report 2023). The novel threats and
risks from ESTPs warrant more urgent and robust implementation

of existing national climate change mitigation laws and policies,

as successful decarbonization is critical to their prevention. This alone,
however, does not provide for direct governance of the prospect of
crossing near-term tipping points (Box 1.2.4).

Intentional and specific integration of ESTP governance info national
policies is needed, including the support of coordinated monitoring
systems and a commitment to accelerating decarbonization. This is
crucial to reducing the potential for crossing tipping points, even

if emissions reduction goals are being met. While efforts to reform
existing laws and enact new national and international laws are

to be pursued (Box 1.2.4), given the urgency, ESTP-informed
interpretations of existing laws should be leveraged to implement
such measures immediately; see Garmestani et al. (2019) and
Maxwell et al., (2021) for examples.

Box 1.2.4: The potential of rights of nature approaches to prevent ESTPs

Under international law, states have committed to take effective
measures to address climate change, preventing and reducing
greenhouse gas emissions to limit global temperature rise in line with
the best available science and pursuing climate justice (ICJ, 2025).
These obligations have several legal foundations, including the
Paris Agreement, the UN Convention on the Law of the Sea (ITLOS,
2024), human rights stipulations (IACHR, 2025), and the principles
of international law. These obligations could be interpreted to

also include the prevention of ESTPs (Ritz, 2024), which constitute
‘dangerous anthropogenic interference with the climate system’
according to the UNFCCC (Lenton, 2011).

However, the current system of international law lacks effective
enforcement mechanisms and has thus far proven ineffective in
shaping states’ behavior to address climate change. Given these
failures, arguments for a reform of international law have been
developed based on a recognition of Earth system functioning (e.g.
du Toit & Kotzé, 2022; Hall, 2023).

Constructing a global legal system built on science-based Earth
systems thinking, combined with learning from diverse Indigenous
laws (Garcia Ruales, 2024; RiverOfLife et al., 2020; Tanasescu,
2020), offers new opportunities to protect Earth system tipping
elements, such as forests, ice sheets, coral reefs, or ocean currents

- for example, by recognizing them as legal entities with inherent
rights. Rights of nature approaches (Borras-Pentinat, 2025) have
already been adopted in jurisdictions like Bolivia, Ecuador, Aotearoa/
New Zealand, Spain, and India, often as a result of Indigenous
advocacy efforts (O’Donnell et al., 2020; Corrigan & Oksanen, 2021)
and they can focus on specific entities, such as rivers, mountains,

or glaciers. Many of the legal approaches adopted include
participatory elements, whereby local human guardians or councils
are appointed to speak for the ecosystem and represent it in court
(Chapron et al., 2019; O’'Donnell & Talbot-Jones, 2018).
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The traction that rights of nature are now gaining across the globe
is evident in the prominence accorded to them as a necessary
corollary to recent environmental human rights developments in

the submissions of all five of the UN's regional groupings to the
Stockholm+50 summit (Morrow, 2025). However, we acknowledge
that rights provisions alone can be symbolic and ineffective unless
paired with clear state duties, standing rules, remedies, monitoring
and finance (Corrigan & Oksanen, 2021), and representation can be
achieved without conferring legal personhood (Chapron et al., 2019;
O’Donnell & Talbot-Jones, 2018).

Whilst ambitious and complex, recognising the rights of Earth
system tipping elements to persist as they have done in Holocene
conditions could both increase the inclusion of Indigenous and local
knowledge, and create accountability mechanisms in international
law - both key factors in transformations towards sustainability and
justice (IPBES, 2024) and in efficacious responses on the ground.
This could contribute to the prevention of tipping points especially
for tipping elements that are not exclusively climate driven, but also
have local and regional-scale drivers. For example, Amazon
Indigenous peoples, whose stewardship is vital for safeguarding the
stability of the Amazon rainforest (Science Panel for the Amazon,
2021), could cooperate to become the legal representatives of the
forest, which could strengthen drastically needed forest protection
and limit tipping risks (Borras-Pentinat, 2025; Flores et al., 2024;
Edling Muller, 2025). Whilst these measures are not a panacea, an
international legal system with effective access to justice for Earth
system tipping elements could have similar governance effects to
those of the global climate litigation movement (Setzer & Higham,
2025): it could provide additional legal pathways to address climate
policy failure or insufficiency, although substantial progress would be
required before this could be operationalised.
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Other relevant international governance

ESTPs need to be integrated into existing international governance

frameworks, such as those for oceans and biodiversity. Although many
ESTPs are directly linked to these domains (e.g. Amazon rainforest or

coral reef dieback to biodiversity loss; AMOC to ocean governance),
coordinated governance and supporting research remain limited.
Strengthening these connections is essential, and emerging
frameworks such as the planetary commons (Rockstrom et al., 2024)
may provide a basis for more effective coordination.

Box 1.2.5: International Governance Opportunities to Prevent
AMOC Tipping

The first and foremost prevention measure for AMOC is climate
mitigation, with the aim to minimise magnitude and duration of
possible temperature overshoot beyond 1.5°C. The mechanisms
of the Paris Agreement can be used to consider safe mitigation
pathways. Parties can include AMOC risks and relevant mitigation
and action plans in future Nationally Determined Contributions
(NDCs) and Biannual Transparency Reports (BTRs), and include
an assessment of collective progress towards AMOC collapse
prevention in future Global Stocktakes.

The acceleration of global mitigation action must be combined
with the rapid development and scaling of sustainable carbon
removal capacities, which could be fostered by minilateral
diplomacy or transnational initiatives. There are some indications
that Solar Radiation Modification (SRM) as a secondary
intervention could reduce the AMOC tipping probability under
certain conditions, but would require reliable international
governance structures itself (Futerman et al., 2025).

It is uncertain whether AMOC tipping could be reliably detected in
advance. Due fo high internal variability, decades of observations
may be needed to detect trends (Lobelle et al., 2020), hence
consistent funding of ongoing (deep sea) observations and
additional observations in the relatively under-monitored South
Atlantic are vital (Chidichimo et al., 2023). It may be possible to
construct early-warning signals from the behaviour of AMOC
variability (Van Westen et al., 2024). Such signals may come too
late to trigger prevention measures, especially since mitigationis a
long-term process, but they may help adaptation (Chapter 1.3).
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Box 1.2.6: International Governance Opportunities to Prevent
Amazon Forest Tipping

There are opportunities for the UNFCCC, alongside global
biodiversity governance (e.g. Convention on Biological Diversity,
Intergovernmental Science-Policy Platform on Biodiversity

and Ecosystem Services), to provide a context for preventive
governance measures regarding the Amazon rainforest. The Paris
Agreement’s ambition cycle (Nationally Determined Contributions,
Global Stocktakes, tfransparency and support mechanisms)

can be deployed to minimise the magnitude and duration of

any temperature overshoot (Wunderling et al., 2023). Future
Nationally Determined Contribution (NDC) revisions, not only
from Amazonian nations, should specifically consider the risk of
Amazon forest die-back and to what extent national mitigation
plans, policies and decarbonisation strategies contribute to its
prevention. The Global Stocktake provides a platform for an
assessment of collective progress in prevention efforts, i.e. fo what
extent tipping risks driven by global temperature increase are
minimized. International efforts should continually monitor the risk
to the Amazon, e.g. using satellite data to detect early warning
signs of tipping (Boulton et al 2022).

Slowing deforestation and degradation requires strong
governance efforts outside the international climate change
regime. We need net-zero forest loss on the remains of the
Amazon forest, combined with restoring at least 5% of the
biome (Flores et al, 2024). Strengthening the forest stewardship
of Indigenous peoples and local communities is critical to
preventing both deforestation, degradation and carbon emissions
from the Amazon (Walker et al., 2020). Indigenous peoples, local
communities and their vital knowledge are crucial o conservation,
restoration and sustainable forest use, whilst regionally connected
governance strategies should be designed with their participation
(Science Panel for the Amazon, 2021). Containing a large
proportion of the Amazon forest, governance within Brazil is
particularly important. Approximately 60% of the Amazon forest is
in Brazil, and water from Brazilian forests is recycled by the forest
and provided to the western parts of the Amazon forest (Flores

et al, 2024). For example, Brazil's Action Plan for the Prevention
and Control of Deforestation in the Legal Amazon (PPCDAm) has
a crucial role in limiting deforestation rates (Global Tipping Points
Report 2023). This will require regional governance structures,
such as the Amazon Cooperation Treaty Organization, fo avoid
the displacement of deforestation from one region in Brazil to
another, or to another Amazonian country (e.g. using The Great
Green Wall as a guidance framework). International funds will be
required to support these sub-national, national, and regional
efforts (e.g. the Amazon Fund supports local community, NGO and
governmental initiatives in promoting sustainable development).
Considering the fragmented and anthropocentric nature of
current Amazon governance, the region needs transformative
governance structures, such as the establishment of an Andes-
Amazon-Atlantic Corridor, where ecologically and socioculturally
connected forest areas are conserved in line with Indigenous, local
and scientific knowledge (Pereira & Terrenas, 2022; Beveridge et
al., 2024).
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Carbon dioxide removal governance

Rapid emission reductions have to be complemented with the

immediate scaling up of sustainable carbon dioxide removal (CDR)
capacities. There is no way to limit overshoot and permanently

reduce global temperature - which is vital to minimise the risk of
ESTPs - without CDR and sequestration/utilisation technologies

that reach net negative emissions at a global scale. As such,
CDR technologies are now an inevitable part of all strategies

to minimise ESTP risks, although governance efforts may only
subtly differ from wider climate mitigation activities (Box 1.2.7,
Mace et al, 2021). However, CDR should not become a tool to

deal with or justify additional future emissions, but the excess
already in the atmosphere. This excess far exceeds current CDR
capacities and CDR is not costless in economic or ecosystem terms

(Smith et al., 2023).

CDR approaches are at varying levels of readiness. Mature and
scalable approaches include nature-based solutions such as
forestation and soil carbon sequestration (Griscom et al., 2017; Bossio
et al., 2020). In addition, pilot projects of bioenergy (e.g. biomass
waste) with carbon capture and storage show promise (Fuss et al.,
2018). By contrast, operation plants performing direct air capture
work and trials using enhanced weathering show promise, but are
currently economically unfeasible on large scales (Realmonte et al.,
2019; Beerling et al., 2020). A collective effort to develop and scale
CDR with government funding is needed, but should not reduce
decarbonization efforts. This would benefit from a cooperative
international - possibly minilateral - approach, pooling investments
in research and development, developing required infrastructure,
and creating the framework conditions for sustained long-term
private investment and sector expansion. A new transnational
initiative including governments, private sector actors, science,
NGOs and the financial industry might be a suitable platform for
these activities.

Box 1.2.7: Reforestation in the Amazon as a form of carbon dioxide removal

Forestation could prevent an Amazon forest tipping point whilst also increasing resilience, with a target of restoring at least 5% of
the biome recommended (Flores et al, 2024). Within only a few decades (Poorter et al., 2021), forest conservation and reforestation
(e.g. through improved land rights for Indigenous peoples, promoting agroforestry, and improved governance) could: i) restore diversity
and redundancy in a system (e.g. species diversity), ii) maintain moisture-recycling feedbacks, iii) improve local drought resilience, and

iv) reduce non-climate stressors (Table 1.2.1). By planting the right trees in the right places or ringfencing key areas to allow for natural
regeneration, there is potential for reforestation fo trigger a positive tipping point through climate and ecological feedbacks that trigger
enhanced natural regeneration that then surpasses the active reforestation efforts (Figure 1.2.3). Thus, future reforestation efforts should
be focussed on the spatial locations and ecological processes most likely to maintain and enhance important moisture and regeneration

feedback loops (Figure 1.2.3).
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Figure 1.2.3: The location and type of reforestation efforts are important for triggering potential positive tipping points to increase the
resilience of the Amazonian forest. Whilst exotic plantations can reduce pressure on natural forest, planting native species in key locations can
enhance natural regeneration and moisture recycling feedbacks and increase the resilience of existing forests (Zemp et al 2017).
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Solar radiation modification governance

Geoengineering methods, particularly Solar Radiation Modification
(SRM; National Academies of Sciences, Engineering, and Medicine.,
2021), may reduce climate drivers for some tipping points but

have uncertain effects on others and pose significant physical and
political risks. The term SRM includes a number of approaches:
Stratospheric Aerosol Injection (SAI) places reflective particles in

the stratosphere and is inherently global, Marine Cloud Brightening
(MCB) uses sea water or other aerosols to enhance cloud reflectivity
and has more local impacts (with long-distance teleconnections),
Cirrus Cloud Thinning (CCT) thins higher clouds to allow more energy
to escape into space. In some cases, the term also includes efforts

to change the earth’s reflectivity (albedo) by maintaining sea ice,
shifting to lighter crops, and/or lighter surfaces. None of these are
alternatives to mitigation and adaptation but, at best, temporary
additional measures. SAl could reduce global warming, a key driver
for tipping points like ice sheets and ocean currents, but its effects

are uncertain for others (e.g. the Amazon) and may exacerbate

risks such as ocean acidification and monsoon drying (Irvine et

al., 2019; Futerman et al., 2025; Hirasawa et al., 2023; Asutosh et

al., 2025). Widespread use of MCB could also affect global mean
temperature, and with significant effects on precipitation. SRM itself,
particularly SAl, carries severe risks, including unintended side effects,
the possibility of abrupt termination, political challenges (such as the
need for unilateral action) and creating a distraction from mitigation
(Felgenhauer et al., 2022).

No geoengineering technology is currently available for deployment
on scales that would affect global average temperature. Using

SRM as an emergency response when tipping is imminent is risky, as
detecting tipping points in time may be impossible (Lenton 2018). A
gradual, preventative approach could allow testing and adjustments,
but robust SRM governance mechanisms must be in place first
(Biermann et al., 2022; Gupta et al., 2024).

As SAl or large-scale use of MCB would have global effects, its
governance must be international. No comprehensive framework
currently exists. Some international agreements, such as the
Convention on Biological Diversity and the London Convention

on ocean dumping, have been applied to different forms of
geoengineering, but their scope is limited. The UN General Assembly’s
2021 resolution (UNGA A/Res/76/112) addresses atmospheric
modification, requiring environmental impact assessments. The
Montreal Protocol addresses activities that affect stratospheric
ozone, which SAl would. Other governance mechanisms, including the
Vienna Convention and UNFCCC, have been proposed. Reports from
COMEST (2023), the UN Human Rights Council (A/HRC/54/47), UNEP
(2023), and the Climate Overshoot Commission highlight ethical and
human rights concerns but also advocate cautious SRM exploration.
In December 2024, the EU’s Group of Chief Scientific Advisors called
for a multilateral tfreaty on SRM governance, including a non-use
agreement, a moratorium on large-scale deployment, monitoring

of undeclared SRM activities, but also rigorous, ethical research
(European Commission, 2024).

National policies remain fragmented. For example, the US has some
SRM research guidelines, while Mexico bans outdoor experiments. In
August 2024, opposition from Indigenous leaders and environmental
advocates led to the cancellation of the SCoPEx outdoor experiment
in Sweden, underscoring SRM’s governance and ethical challenges.

We recommend a moratorium on SRM deployment and large-
scale experiments, alongside international efforts to assess SRM’s
benefits and risks. The London Protocol, which bans large-scale
ocean iron fertilization but allows regulated small-scale experiments,
may serve as a model. SRM research should be transparent,
inclusive, and build capacity in the Global South to ensure informed
participation. Much of the current understanding of SRM and its
potential impacts is based on insights from climate models, which
vary in the way that they represent key processes in clouds and
aerosol-related climate feedbacks and are limited in their ability to
represent more complex ecological feedbacks between temperature,
precipitation, solar radiation, and levels of CO2 (National Academies
of Sciences, Engineering, and Medicine., 2021). The impacts of SRM
are also highly dependent on the specific strategies (e.g. for SAI,

the injection sites; Bednarz et al., 2025) being used. Some SRM risks
will only become apparent after deployment, making responsible
governance essential.

An effective governance framework for SRM is a priority, but

there are key inter-related rationales for continuing research. The
technological barriers to entry for development and deployment

of different SRM methods, including SAl, are lower than the current
scientific uncertainty about these potential intferventions. While a
moratorium on deployment is appropriate, ongoing research on

SRM is crucial to understand the full range of potential impacts of
coordinated use and to anticipate the effects of non-ideal, unilateral,
uncoordinated or competitive deployments. SAl deployment in
particular would have global physical effects. There is a risk that a
climate emergency framing, including those that leverage the risk of
ESTPs such as AMOC collapse, may drive non-ideal development and
deployment as an ‘emergency’ response. Geopolitical uncertainty and
competition may also contribute to a competitive race to develop and
deploy SRM (Nielsen 2025). Additional research to explore potential
effects of non-ideal SRM interventions may help anticipate physical
risks of both scenarios.

Box 1.2.8: AMOC, the Amazon and the SRM dilemma

Limited modelling evidence suggests that global or northern-
hemisphere Solar Radiation Management (SRM) may reduce
AMOC weakening by surface cooling and reducing meltwater
influx (Tilmes et al., 2020, Fasullo et al., 2018, Xie et al., 2022,
Pfluger et al., 2024, Bednarz et al., 2025). Hence, it would
probably reduce tipping risk (Futerman et al 2025; Figure 1.2.1).
Other geoengineering technologies could also possibly contribute
to AMOC and SPG tipping prevention, e.g. Marine Cloud
Brightening (MCB; Hirasawa et al., 2023).

When viewed in isolation, the threat of AMOC collapse could
motivate SRM deployment, either preventatively fo reduce
tipping drivers, or as an “emergency brake” if tipping seems
imminent. The latter approach is particularly risky, since it is
unclear whether AMOC tipping could be detected in time for

SRM to be effective (Lenton 2018). If SRM were used to cool the
globe while an already-weakened AMOC fails to recover, the
North Atlantic region could be severely over-cooled (Pfliger

et al, 2024, Schwinger et al 2022). However, SRM may be less
effective, and potentially counterproductive, for the Amazon
rainforest (below) and, as outlined above, SRM carries massive
political risks. Any potential decision on SRM should be driven by
a holistic, systemic consideration of its risks and benefits, not its
presumed efficacy for one particular tipping element.

However, we caution against Solar Radiation Management (SRM)
as the impact it may have on the Amazon is likely to be complex
(i.e. reduced transpiration but also reduced growth and carbon
absorption) and is poorly understood (Futerman et al, 2025).

For coral reefs, SRM may reduce the primary driver of ocean
warming, but might slightly increase the secondary driver of
ocean acidification, although the impact on aragonite saturation,
the key variable of interest, may be limited (Futerman et al 2025).
Finally, Futerman et al. (2025) list some tipping points for which
the effect of SAlis simply unknown due to absence of research;
for these, negative (or positive) effects cannot be excluded. The
potential impact of any SRM on all ESTPs must be debated prior
to the establishment of SRM actions by or within any nation.

(N
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1.2.3 The role of the finance sector in
preventing ESTPs

In order to support the above prevention strategies, a number of
wider transformations across a variety of sectors are needed. We
highlight the crucial role of finance in this context.

The finance sector has a critical role in the governance of ESTPs,
given the influence that financing multinationals and other companies
has on their activities, including those activities that increase tipping
risks as a result of greenhouse gas emissions and environmental
degradation (Box 1.2.9). A broad suite of globally coordinated policy
measures across fiscal, financial, industrial, and environmental
policy areas is likely needed to shift global financial flows away
from such harmful activities, to better prevent ESTPs (Ameli et al.,
2025, Kedward et al., 2023).

The problem of finance with respect to Earth systems

Financial efforts to mobilize ‘green’ investment have been inadequate
to date. While having grown steadily over the last decade, current
volumes of climate mitigation finance are still far below what is
needed, and have to increase at least sixfold in the next 10 years to be
aligned with a net-zero pathway (CPI, 2024; UNEP, 2024). Similarly,
‘nature-positive’ financial flows are nowhere near sufficient fo fill the
biodiversity conservation and restoration financing gaps (Gonon et
al., 2024, CBD, 2025). From the perspective of mainstream finance’s
shortsightedness, it is still more financially profitable to destabilize the
Earth system than to protect it, preventing any significant redirection
of financial flows (Kotzé & Adelman, 2022). ‘Environmental, Social
and Governance investing’, despite two decades of progress, has not
achieved mainstream adoption and has had no discernible impact

on this issue. Moreover, dedicated market-based mechanisms such
as voluntary carbon markets and biodiversity offsets have also failed
to catalyze meaningful action. They often suffer from poor quality,
lack of integrity, and narrow scope, typically focusing on a single
environmental output, such as immediate carbon sequestration,
without addressing broader systemic risks on a longer tfime horizon.
This has created a false sense of progress while allowing business-as-
usual finance to continue contributing to nature degradation.

Finally, the most substantial progress has certainly been made in the
area of financial risk management: since 2015 (e.g. Carney, 2015) the
financial sector repeatedly acknowledged that it cannot be immune
to the materialisation of climate change and biodiversity loss on its
own activities, via direct and indirect impacts on, e.g., risk of default
and degraded performance of financial assets. Hence, it should be in
its ‘rational economic interest’ to fight against these and stop fueling
deleterious economic activities (cf. Box 1.2.9), to avoid monetary
value destruction and propagation towards a whole financial system
destabilisation. Unfortunately, while indeed awareness and knowledge
on climate- (and biodiversity-) related financial risks have progressed
considerably over the past decade, this has not yet been sufficient to
reverse the financial sector’s harmful trajectory (NGFS, 2024).
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Possible fixes - extending the financial risk approach

Because risk analysis underpins nearly all decision-making in the
finance sector, incorporating tipping elements into assessments
of climate- and biodiversity-related asset risks is a natural next
step to better connect finance with Earth system stability (Kotzé

& Adelman, 2023). Central banks and supervisory authorities

have begun exploring the implications of environmental change

for financial stability, but these efforts remain narrowly framed

(Box 1.3.3). Scenario exercises still concentrate on median climate
trajectories, with little attention o systemic disruptions such as
tipping points (FSB, 2025). Likewise, financial risks arising from the
deep dependencies of economic activities on ecosystem services
remain largely absent from current models (Hadji-Lazaro et al.,
2024). To address this gap, financial risk governance must move
beyond marginal or isolated changes and take seriously the possibility
of ESTPs. Only then will risk frameworks reflect the true scale of
ecological risks and support precautionary, forward-looking financial
governance (Trust et al., 2025).

However, even if the calculation of such financial risk figures
eventually becomes achievable, it would not automatically translate
into financial decisions that would contribute to preventing breaches
of ESTPs. Indeed, a risk estimate deemed insufficiently material would
not trigger much change. However, even if this were the case, it could
lead to a risk management decision based on hedging or diversifying
the risk, without implying a reduction in the source of the risk, i.e.
without seeking to prevent the tipping point from being breached.
Moreover, risk aversion is not everything: in an anticipatory move to
avoid financial assets exposed to ESTPs, shifted financial flows may
also divert away from essential economic activities, which would result
in negative impacts (e.g. harming food security) even before ESTPs
materialise.

Therefore, the fundamental limitations of financial risk approaches
motivate an explicit proactive stance, involving precautionary actions
to prevent the risk upfront, rather than merely managing it after
occurrence (Chenet et al., 2021, 2022; Kedward et al. 2023; Marsden
et al. 2024).

Recognising such an endogenous role of the financial system

in the construction of environment-related financial risk is a

critical step (Kreibiehl et al., 2022), as it positions finance not as a
neutral intermediary but as a structurally embedded force whose
reorientation is necessary to support ecological sustainability - an
imperative that also reinforces the long-term resilience of the financial
system itself.

Box 1.2.9: The impact of the finance sector on ESTPs

Banks financing the fossil fuel industry (and investors investing

in it, as insurers insuring it or financial services providers working
with it) directly contribute to increasing the supply of oil, gas, or
coal, and thereby, the concentration of greenhouse gases in the
atmosphere, which is the first-factor precipitating climate tipping
points such as the collapses of the West Antarctic Ice Sheet or
Atlantic Meridional Overturning Circulation (AMOC).

As well as financing leading to rising greenhouse gases,
deforestation in the Amazon is driven by financial investments
in agrifood industries, which accelerates forest dieback,
undermining carbon and water cycle regulation and leading to
widespread economic losses along the value chain and across
sectors reliant on these services (Marsden et al., 2024).
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Possible fixes - beyond the financial risk approach: finance
as a tool for positive tipping

The financial system is, in fact, not just a neutral optimisation tool for
capital allocation but an active driver of ecosystem destabilisation
through their role in shaping incentives, norms, and governance
structures (Galaz et al., 2018; Crona et al., 2021). This calls for
deliberately and urgently steering the financial system toward serving
clearly defined socioeconomic and ecological purposes, chief among
them, the urgent need to prevent ESTPs. Such a reorientation requires
reconfiguring financial incentives, governance frameworks, and
regulatory mandates to ensure that capital allocation supports a just
transition and economic activities that maintain ecological stability,
rather than perpetuating short-term, profit-driven degradation.

For this, it is indispensable to intfegrate the multiple relational,

intrinsic and instrumental values of ecosystem services (IPBES,

2022) into financial decision-making, through different types of
indicators (biophysical, sociocultural, monetary), i.e. not only through
prices. Ecosystems do not just store carbon, but also provide water
regulation, pollination, disease buffering, cultural value, and much
more. The values of the multiple ecosystem services can no longer

be ignored. Properly valuing these services, including their role in
systemic resilience, is essential. Biodiversity must indeed be recognised
not only for its intrinsic value but as a form of ‘natural insurance’ for
our socioeconomic systems. Diverse ecosystems are more resilient

to shocks, better able fo maintain function, and more likely to buffer
societies and economies from systemic breakdowns (Loreau et al.,
2021). Eroding biodiversity thus increases long-term financial risk,

a dynamic not yet reflected in credit ratings, insurance models, or
asset pricing. Without such a macro-ecological systemic approach

to finance, investments in so-called ‘green assets’ may continue to
overlook the functional complexity of ecological systems, and continue
to stress them towards fatal levels, resulting in tipping points.

Thus, the finance sector’s role in preventing or delaying tipping
points is central to governance efforts. Preventing ESTPs “for

real” will require vastly increased investment compared to current
commitments, which are completely insufficient to achieve a net-zero
emission reduction trajectory with low-temperature overshoot, nor to
fill the climate adaptation or biodiversity conservation and restoration
financing gaps (Méller et al., 2024; UNEP, 2024; Gonon et al., 2024,
CBD, 2025). Doing so needs massive redirection of finance from
emissions-increasing and ecosystem-degrading activities, such as
investment in fossil fuels and deforestation-linked agroindustry,
towards low-carbon investment, adaptation and ecosystem
resilience and regeneration (Eker et al., 2023; Kreibiehl et al., 2022,
Kedward et al., 2023).

Yet, finance can only flow at scale if structural reforms are introduced,
including the enforcement of ESTP boundaries as financial thresholds
in, for example, credit allocation and pension holdings, the integration
of long-term environmental risk intfo macroprudential rules, and the
prioritisation of public finance to de-risk early-stage, regenerative
investments. As finance is only a propellant for the ecological
transition, it is crucial that genuine coordination occurs between
monetary, fiscal, industrial, and environmental authorities.

Thus, the financial system requires a change of governing paradigm
to deliver an economy of sustainability. For this, the whole incentive
mechanism within the financial system must be inverted: it cannot be
profitable anymore to destroy ecosystems and precipitate ESTPs.
Finance must instead be seen as an instrument to trigger systemic
socioeconomic changes towards decarbonisation and nature
regeneration, and hence towards long-term prosperity: finance as a
‘positive tipping’ catalyst (Section 3).
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Simultaneously recognising this shaping role that finance has on
the economy and accounting for ESTPs and potential cascades

in financial risk analysis will illuminate the scale of risks for both
the biosphere and the socioeconomic sphere, justifying core
regulatory intervention able to integrate the real values of nature
into financial operations. Such a change is necessary to drive

more concerted action to shift financial flows away from the root
problem (activities causing ESTPs) and towards the potential solution
(activities preventing ESTPs and contributing to building a resilient
socioeconomic and financial system). This highlights the importance
of coordinated, systems-level regulation that supports just transitions,
acknowledges the financial system’s role in actively shaping and
amplifying ecological degradation/regeneration, and prioritises long-
term stability over short-term optimisation.

1.2.4 Conclusions

For most ESTPs, rising global temperatures are a primary driver,
making accelerated climate change mitigation essential o

prevention. A coordinated, urgent effort is needed to rapidly phase
out greenhouse gas emissions. Reducing the risk of crossing tipping
points requires minimising both peak warming and the duration of any
temperature overshoot, while striving to return global temperatures to
or below 1.5°C. This necessitates strengthening the 1.5°C goal within
the Paris Agreement and integrating ESTP-specific considerations,
such as assessing how national and collective actions have mitigated
tipping point risks, info the Global Stocktake.

Limiting temperature overshoot—and thereby reducing the risk of
ESTPs—is impossible without carbon dioxide removal (CDR) and
sequestration technologies that achieve net negative emissions on

a global scale. For example, forestation efforts could enhance the
Amazon'’s resilience while also reducing its tipping risk, with at least 5%
of the biome recommended for restoration. Governments must invest
in the development and scaling of CDR technologies, but not at the
expense of immediate decarbonization efforts. We also emphasize
the need to prioritize CDR efforts and to target short-lived climate
pollutants (SLCPs), as removing these gases can yield rapid global
cooling effects.

Geoengineering, particularly Solar Radiation Modification (SRM),

may help reduce climate drivers for some tipping points but carries
uncertain consequences for others and poses significant physical and
political risks. SRM can only ever be a supplementary measure—it
cannot replace climate mitigation and adaptation. We recommend a
moratorium on its deployment and large-scale experiments, alongside
rigorous international research to assess both its risks and potential
benefits.

The financial sector, in particular, plays a key role in governing tipping
points. Through its influence in shaping economic dynamics, it is an
active driver of ecosystem destabilisation, but it is also reciprocally
exposed to ESTPs. Thus, accounting for ESTPs cascading risks in
financial analysis has the potential to reveal the scale of potential
economic consequences - thereby justifying to “change the rules” so
that financial markets can play their role in driving the redirection of
capital away from harmful activities and toward those that prevent
breaching ESTPs. Achieving this requires a broad suite of globally
coordinated policy measures across fiscal, financial, industrial, and
environmental domains to catalyse a systemic paradigm shift that
embeds the real values of ecosystems into financial decision-making.

There is an urgent need to connect different risk assessment
frameworks to develop multi-scale prevention strategies for specific
tipping processes. Scientists, policymakers, and practitioners must
collaborate to assess risks, manage trade-offs, and identify synergies
between existing governance and actions to prevent ESTPs across
time horizons (Table 1.2.2).
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Table 1.2.2: Short- and medium-term ESTPs prevention governance measures

Time horizon

Priority actions

Short-term (0-5 years)

Include ESTP risks in the 2nd Global Stocktake (2028), 3rd round of NDCs (2030), and national climate, biodiversity policies
Rapid phase-out of methane, black carbon, and other SLCPs

Accelerate CDR development through a new minilateral or tfransnational initiative and funding

Create monitoring/early-warning systems

Integrate tipping risk into financial risk assessments

Medium-term (5-10 years)

Embed ESTPs prevention permanently in Paris Agreement’s’ full ambition cycle

Review and adjust global mitigation pathways to minimize overshoot

Strengthen Indigenous land rights and halt deforestation in Amazon & other critical biomes
Scale CDR capacities

Strengthen cross-scale governance

Reform financial flows

Build systemic resilience in agriculture, forestry, and fisheries to reduce non-climate stressors

Take measures to prevent unwanted SRM deployment while building governance mechanisms and assessing SRM potential
benefits and risks
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1.3 Impact governance for Earth system
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As global temperatures approach 1.5°C, with the prospect of
inevitable overshoot, crossing Earth system tipping points (ESTPs) is
a plausible near-term reality. While prevention must remain a priority
(see Chapter 1.2), societies must also be prepared to deal with the
consequences of tipping points that may no longer be avoidable,
such as widespread dieback of tropical coral reefs. This chapter
addresses that emerging need: how to govern the wide-ranging and
potentially irreversible impacts of crossing ESTPs, including disruptions
of food systems, human health impacts, damage to critical physical
infrastructure, changes in water availability, displacement of
populations, and the destabilisation of economies and political
systems. These effects have implications for the full spectrum of the
sustainable development and human security agenda (IPBES, 2024).

As outlined in Chapter 1.1 (Table 1.1.1), tipping processes unfold

in ways that differ from expected climatic changes and defy
conventional policy planning — they are nonlinear, often abrupt and
irreversible, and characterised by cascading effects across systems.
The probabilities of tipping, details of the specific location of tipping
points, pace of change, and precise distribution of impacts are often
highly uncertain; however, this does not mean that such impacts are
unlikely to occur. Table 1.3.1illuminates the specific implications of
these challenges for impact governance.

Table 1.3.1: Tipping process characteristics and their implications for impact governance

Tipping Process
Characteristic

Implications for impact governance

Warm-water coral reefs AMOC

Thresholds
(moments of
commitment and
irreversibility)

Once a tipping point is crossed, a return to the prior state

prevention to managing the post-tipping reorganisation.

may no longer be possible. Governance must then shift from

Once thermal thresholds are
crossed, there are limited
prospects for restoration or
recovery; adaptation must focus
on alternative livelihoods.

AMOC collapse commits Europe and parts
of Africa and the Americas o long-term
regional climate disruption; governance
must plan for persistent change.

Acceleration of Rapid changes reduce lead time for response and strain

Coral degradation can move Once initiated, AMOC weakening

change institutional capacities. Governance must be anticipatory, from gradual stress to collapse  may rapidly disrupt temperature and
flexible, and early warning enabled. within years. precipitation patterns across continents.
Increased Impacts may exceed adaptive capacity or lead to Slow decline (bleaching and Increased sea-level rise may render current
magnitude of adaptation tipping points, requiring switches in adaptation  recovery) and partial loss vs. adaptive solutions, e.g. seawalls, ineffective,
impacts strategy. Governance must include contingency complete loss; adaptation therefore demanding migration from

planning, emergency preparedness, and systemic
adaptation strategies.

to declining subsistence on

fish or coral-related tourism
might need fo switch fowards
alternative forms of economic
activity and potential migration.

affected areas or planned relocation of
communities and infrastructure.

Trend reversals Earth system tipping could lead to trend reversals (e.g.
cooling rather than warming in some regions), which may
invalidate current adaptation pathways or make them

maladaptive. Governance must identify and implement

no-regrets strategies that are robust to trend changes (e.g.

better insulated buildings and less energy reliance for both
heating and cooling).

Not applicable. AMOC weakening could cool parts of
Europe and the North Atlantic, reversing
regional warming trends and invalidating

warming-based adaptation plans.

Different Tipping points produce uneven and shifting risk profiles and
distribution of can alter geopolitical power relations. Governance must
impacts assess who is newly exposed and ensure equitable and just

support.

Coral-dependent

communities in the tropics are
disproportionately affected, but
also the tourism industries and
economies of countries across
the Pacific (including Australia)
and the Caribbean.

Northern and Western Europe, West
Africa, and parts of North and South
America would be differentially impacted by
disrupted rainfall and temperature patterns.

AMOC tipping would disproportionately
impact a specific group of geopolitical allies
(UK, US and Western Europe).

Novel impacts
challenges. Monitoring across many systems and impacts,
adaptive learning systems, participatory planning, and
innovation capacity are key.

Governance must be open to emerging, poorly understood

Unidentified. An abrupt AMOC collapse may disrupt jet
stream dynamics and create a southward
shift in the intertropical rain belt; it could
trigger food instability at a scale not seen in

modern times.

Cascade effects The risk of cascading impacts across systems will require
systemic governance that can address multiple challenges
across multiple systems simultaneously, and directly

intervene to dampen or break amplifying feedbacks.

There is a risk of derailment, giving rise to concerns about
whether governance can adequately manage the cascade
of consequences while also pursuing mitigation priorities
within the limits of finite resources.

Coral collapse may destabilise
broader marine food webs,
reduce fish catch, decrease
food security and income,
disrupt coastal economies, and
lead to poverty and migration.

AMOC tipping may affect Amazon
rainforest stability, the West African
Monsoon, and shift the Intertropical
Convergence Zone. This could make some
regions, including densely populated ones,
less liveable, leading to poverty, migration,
political tensions and conflicts.
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The aim of impact governance is fo address these distinct challenges
through policies, institutions, and coordinated actions that: reduce
harm; protect communities, ecosystems, and societies; enable
effective adaptation; and foster resilience and stability in the face of
large-scale and systemic disruptions caused by tipping dynamics in
the Earth system.

Box 1.3.1: ESTP impact governance objectives
Minimising harm from tipping processes by:
* Developing anticipatory capacities

* Monitoring and learning about Earth system changes and
human impacts

* Fostering resilience, adaptation and preparedness
* Managing transformations towards sustainability and equity

* Managing impact cascades

ESTP impact governance must be capable of addressing the
interconnected and often unpredictable nature of these challenges
through collaborative decision-making and multi-level cooperation.

It requires multi-level governance systems that connect institutions
and processes at the international, national and sub-national levels.
Appropriate responsibilities need to be identified and divided across
the different levels of governance, facilitating cross-scale linkages and
information flow within and across levels (Schweizer and Juhola 2024).

Existing institutions for climate impact governance, such as
adaptation and disaster response mechanisms, are not designed
for—and are poorly equipped to manage—the systemic, cascading,
and cross-scale disruptions triggered by ESTPs (Biesbroek 2025;
Dryzek 2016; Young 2021). Meeting these challenges requires a
fundamental shift in governance: from managing known risks

to navigating deep uncertainty; from short-term crisis response

to long-term resilience and justice; and from single- o multi-

scale approaches. Institutional change must proceed along three
complementary paths: strengthening existing systems to withstand
escalating pressures, reforming outdated and inadequate policies
and institutional structures, and innovating mechanisms to address
novel risks and governance gaps. Only by pursuing this integrated
strategy can impact governance meet the demands of a future
shaped by irreversible Earth system transformations. Pursuing this
integrated strategy requires acknowledging that, as much as there is
no relevant historical analogue for the future impacts of tipping points
on human society (and on other species), there is also no analogue
for the governance systems needed to effectively and equitably
manage them. Norms and principles inherent in today’s conceptions
of governance may need to be revisited, recalibrated, or entirely
transformed in an ongoing undertaking of adaptive governance.

While the need for impact governance is increasingly urgent, many
facets of ESTP impacts are not yet well understood. Consequently,
there is a pressing need for knowledge generation regarding the
social, economic, political and cultural impacts of different tipping
systems, which can inform systematic risk assessment and decision-
making. While these knowledge gaps persist and shrink with
expanding scientific efforts over the coming years and decades,
governance efforts need to advance with the help of anticipatory
approaches and tools that can effectively bridge the state of science -
what we do know - and the need for action (Wood et al. 2023).

This Chapter tackles these issues by providing an actionable multi-
phase framework (1.3.1) and assessing current progress across five
key tasks of impact governance (1.3.2), then turning fo the urgent
challenge of tipping point risk assessment (1.3.3) and the need for
justice in ESTP impact governance (1.3.4), before concluding (1.3.5).
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1.3.1 A multi-phase impact governance
framework

To support effective ESTP impact governance, we draw on a multi-
phase framework (Milkoreit et al. 2024) that aligns governance
objectives with the evolving dynamics of tipping processes by
differentiating three phases of a tipping process: pre-tipping,
reorganisation and stabilisation (see Figure 1.3.1). Here we focus on
pre-tipping and reorganisation.

Before the tipping point: Anticipation and preparedness

For most known tipping elements, the world is currently in the pre-
tipping phase. Impact governance must begin in this phase and not
wait for confirmed tipping. Action should not be delayed in the hope
that prevention measures will be successful. Tasks and activities in the
pre-tipping phase include:

* Research and learning about tipping systems and societies’
interactions with them to improve the foundations for governance.

* Monitoring and early warning systems to detect loss of stability.

* Risk and vulnerability assessments to identify exposure hotspots,
cascading risk potential, and the distribution of vulnerabilities
across space and time.

» Strengthening existing institutions and capacities at multiple
scales to fortify them against the strain of rapid change and
derailment risk.

* Reforming and integrating existing policies and institutions for
climate adaptation, disaster response, loss and damage, global
food security, migration, international financial stability and others
in light of expected ESTP impacts.

* Anticipatory adaptation to strengthen resilience in vulnerable
systems and communities before impacts occur.

* Governance innovation through inclusive co-development
including greater integration across policy domains (climate,
biodiversity, oceans, etfc.), and the design of novel institutions and
approaches to meet tipping-specific governance needs.

This phase is also the window for integrated planning: linking
impact governance, especially adaptation, and prevention efforts,
embedding justice into responses, and building institutional capacity
for more turbulent futures.

(When) Realising that the tipping point has been crossed

Complex governance challenges arise from the tfemporal

dynamics between ESTP crossings and their societal recognition.
Scientific confirmation of a crossing may emerge years or decades
after the actual tipping point has been breached and may not
manifest as a single, clear signal. In addition to muddled scientific
signals over extended time periods, recognising the passing of

a tipping point as a social fact poses severe challenges because
tipping systems and dynamics are largely invisible to human

senses, unfold across vast spatial and temporal scales beyond lived
experience, and are likely to encounter political contestation and
communication dynamics similar to but more severe than those that
have long complicated climate change governance. The current state
of the global discourse related to coral reef degradation provides
evidence for the challenges in establishing a tipping point as a
scientific, social and political fact.
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However, once this scientific knowledge becomes accepted social
reality, certain actors, particularly from the financial and insurance
markets, may respond rapidly to the anticipated future impacts of the
tipping process, even when those biophysical changes will unfold over
decades or centuries. For instance, assets such as coastal property
facing inevitable loss from accelerated sea-level rise could experience
immediate repricing based on projected long-term (e.g. 50-year)
impacts rather than current or expected near-term (e.g. 10-year)
conditions (Hilson and Arnall, 2024, pp861-862). These financial
reactions to the awareness of ESTP crossings could unfold much
faster than the biophysical impacts themselves, potentially triggering
undesirable cascading effects across interconnected social systems
including finance, insurance, food trade, local economies, and other
critical sectors, creating secondary tipping dynamics that compound
the original Earth system disruption. Beyond these rapid responses,
impact governance moves into a new phase after the transgression of
a tipping point has been recognised.

After the tipping point: Adaptation, crisis response, loss & damage

Once a tipping point is crossed, the system ‘shifts gear’ and enters a
phase of accelerating change towards a new system state. Impacts of
the tipping process are continuous and the irreversible reorganisation
of the Earth system to a new (e.g. ice-free) state becomes certain.
Governance needs fo shift towards continuous adaptation and
responsiveness to the prolonged reorganisation of the system

(e.g. accelerating sea-level rise) with a view to the expected new
stable state.

TASKS & ACTIVITIES:

Research and learning

TIPPING

Monitoring and early warning systems

POINT

Strengthening institutions and capacities \L

Risk and vulnerability assessments

Reforming policies & institutions
Anticipatory adaptation

Governance innovation

AFTER

Reorganisation

This is a potentially turbulent phase that could continue for decades
or centuries until a new stable system state is reached. The failure of
preventive and anticipatory action in the pre-tipping phase will have
significant costs in this reorganisation phase — economically, socially,
and politically. The level of anticipatory investment in capacity before
tipping will have some effect on the degree of disruption or process
control in this phase (Desmet et al. 2018). Tasks and activities in this
phase include:

* Implementation of policies and active institutions: Governance
instruments continuously respond to impacts through adaptation
and with measures to address loss and damage.

* Adaptive decision-making and learning: Institutions frequently
adapt their goals and measures to the observed changes in
affected systems based on iterative learning.

* Building and maintaining public trust and cohesion: Transparent,
inclusive communication and participatory processes for
engagement, learning and empowering communities, ensuring
the legitimacy of decisions and fostering social cohesion during
prolonged periods of uncertainty and disruption.

* Crisis response coordination: Mechanisms to manage crises, such
as, extreme weather events and concurrent impacts (e.g. food
shortages, migration, supply chain disruptions).

» Cascading risk containment: |dentifying and interrupting feedback
loops that may trigger additional tipping points.

TASKS & ACTIVITIES:

Implementation of policies and active institutions
Continuvous adaptation

Managing loss and damage

Crisis response and coordination

Adaptive decision-making and learning

Building & maintaining public trust and cohesion

Cascading risk containment

(o]
'11/4
(5/\/
N/4

T

ADAPTATION, RESPONSE, LOSS & DAMAGE

JUSTICE AND EQUITY

Figure 1.3.1: Multi-phase impact governance for ESTPs. We distinguish the Pre-tipping phase (before the tipping point is reached) and the
Reorganisation phase (after the tipping point has been crossed). Each phase has distinct governance implications and time horizons. We identify
key tasks for each phase, with justice and equity as a cross-cutting concern.
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Cascading dynamics: Anticipating and containing systemic ripples

Tipping points rarely occur in isolation. A destabilisation in one Earth
system component can increase the likelihood of tipping events
elsewhere, creating what is known as a tipping cascade (Wunderling
et al., 2024). For example, the potential collapse of the AMOC

could raise the risk of tipping the West African Monsoon (WAM) or
accelerating Amazon Rainforest dieback (see chapter 2.2). Such

an Earth system tipping cascade can, depending on the speed at
which it unfolds, trigger impact cascades across socio-economic
systems. For example, a weakened or collapsed AMOC would alter
temperature and precipitation patterns, undermining agricultural
productivity in vulnerable regions (e.g. Northern Europe), threatening
food security and disrupting the agricultural sector. This could be
compounded by adverse food-system impacts of changes in the WAM
in West Africa and the Amazon (e.g. diminishing atmospheric rivers)
in South America. Impaired agricultural production across multiple
world regions would have knock-on effects on global food trade,
raising prices of staple crops and potentially spreading food insecurity
to regions otherwise unexposed to the direct and cascading effects of
AMOC collapse. Effective governance must therefore anticipate both
the physical interlinkages among tipping elements and the socio-
economic ripples that follow.

Rather than simply reacting to tipping cascades as they occur,
societies that acknowledge threshold crossings can proactively
design interventions to avert or contain the most damaging systemic
ripple effects.

1.3.2 Progress and recent developments
in ESTP impact governance

The first Global Tipping Points Report made five recommendations to
initiate ESTP impact governance. These were:

1 Existing impact governance frameworks and mechanisms need fo
be adjusted and significantly expanded to address the risks posed
by crossing ESTPs. More resources and funding should be made
available, especially if and when an Earth system tipping point has
been crossed.

2 Adaptation governance needs to significantly strengthen
anticipatory work and adopt a multitemporal perspective tied to
the scale and dynamics of specific tipping systems.

3 Governments should advance the institutionalisation of global
migration governance, building on the Global Compact for Safe,
Orderly and Regular Migration.

4 Science and governance actors should co-develop early warning
systems to monitor both the biophysical changes (especially
indicators for tipping-point transgression) and potential societal
impacts of ESTPs. For that purpose, investments in the quality
and availability of data should be made, including data from low-
income counftries.

5 Governments should increase the use of participatory approaches
to impact governance, involving local/Indigenous communities
and knowledge.

While most of these recommendations have seen little progress,
some advances have been made with respect fo recommendation
4 - the development of monitoring and early warning capacities
at the science-policy interface and recommendation 5 - fostering
participatory governance approaches.
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Monitoring and early warning systems (Recommendation 4)

In 2024, the UK Advanced Research and Invention Agency (ARIA)
launched the Forecasting Tipping Points call, allocating £81 million

to 26 projects to develop an early warning system and new models
monitoring the Greenland Ice Sheet and the Subpolar Gyre. The EU’s
Horizon Europe programme provided new funding lines for tipping
points research that will strengthen the necessary scientific capacity.
The Climate Governance Commission and the High-level Advisory
Board on Effective Multilateralism have been fostering a proposal for
enhancing international Earth system monitoring scientific capacity.
At the same time, monitoring capacity in the US has been recently
reduced due to funding cuts and the dismantling of key scientific
institutions like NOAA.

While methodological challenges persist (Dakos et al., 2024),
integrated early warning systems offer a promising approach to
support adaptive governance with information flows and frequent
learning loops between science and policy-making (Galaz et al., 2016;
Pescaroli et al., 2025). Rather than pursuing or waiting for precise
predictions, which is neither feasible nor necessary, detecting critical
slowing down and other system-specific indicators can serve as early
warning signals, enabling decision-makers to proactively address
system instability and mitigate potential impacts.

Box1.3.2:
Research Insight: State of Governance
Missing the linkages with ESTPs in India’

Advancing early warning systems (EWS) for extreme events is an
important governance priority in India. The main concerns are
monsoon variability, extreme heat and rainfall, sea-level rise and
storm surge, and glacial changes and sudden events (e.g. glacial
lake outburst floods). Impact-based EWS for heavy rain, floods,
heatwaves, thunderstorms and associated lightning strikes are
priorities for joint efforts across government, Earth system science
organisations, and the National Disaster Management Authority.

Improved forecasting and early warning of cyclones is seen as

a particular success story, with substantial reductions in human
mortality in the past two decades. Moreover, the growing
severity of extremes as well as increasing compound events

(e.g. heatwaves and droughts) is leading to widespread interest
in multi-hazard EWS. In this context, multinational efforts in data
sharing and technical cooperation are growing, e.g. Regional
Integrated Multi-Hazard Early Warning System for Africa and
Asia (RIMES). However, in India, EWS have not yet been linked to
ESTPs. The failure to recognise that some of these hazards are
linked fo tipping processes means that these systems may quickly
prove inadequate, undermining the successes achieved to date.
Crucidlly, it also risks generating a widespread false sense of
security in existing EWS that could prove fatal. There is therefore
an urgent need to integrate tipping processes and risks intfo EWS,
and to revise impact forecasting and planning across the region in
light of tipping.
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However, anticipatory governance requires monitoring and early
warning for both approaching ESTPs and their societal impacts
(See Box 1.3.2), and it requires institutions and decision-making
mechanisms at the science-policy interface that can respond to
the observations made and early warning signals provided. In both
aspects, major research, funding and institutional innovation gaps
remain. First, there is a significant need to expand research regarding
the social, economic, political and cultural impacts of ESTPs.
Greater knowledge of impacts is needed at national, sectoral and
local scales to inform tipping point risk assessment processes
across multiple scales (see below) and enable planning, adaptation
and preparedness.

Box 1.3.4: A permanent Global Citizens’ Assembly: The potential
of a civic infrastructure for deliberative governance of ESTPs

The Global Citizens’ Assembly (GCA) brings deliberative
democracy to the planetary scale. It aims to amplify people’s

role in global climate governance and to become embedded in

the annual COP cycle. The GCA is composed of two interrelated
deliberative components supported by a coalition of governments,
NGOs, firms, and civil society actors, and a cultural engagement
campaign.

Civic Assembly: a transnational mini public selected by global
lottery, bringing a planetary perspective fo issues that tfranscend
national borders. Its key contributions in relation to ESTPs

could include:

Second, while scientific and technical capacities for Earth system
monitoring are being fostered by some governments and institutions,
they are not yet matched by institutional arrangements capable

of translating early warnings into timely and context-specific .
responses. To address this gap, a set of new, specialised institutions
might be needed to enable continuous learning, monitoring, risk
assessment, foresight and rapid action/response to tipping dynamics
(see Box 1.3.3).

Legitimising planetary decisions by providing global democratic
legitimacy for responses to tipping points.

* Deliberating uncertainty by tackling long-term and complex
risks that outpace typical political cycles.

 Elevating justice by enabling discussions of intergenerational,

Box 1.3.3: Bridging science and action for Earth system tipping inferspecies, and inferregional justice.

points * Synthesising knowledge by integrating Earth system science

A novel type of science-to-action institution could address the with ethical and culturalinsights.

urgent need for effective, continuous and rapid science-policy
interactions to support anticipatory governance for ESTPs.
Tipping Element Monitoring and Rapid Response Facilities
(TEMREFs) could be designed to strengthen the recognition,
representation, and response to tipping dynamics in the Earth
system. Their core purpose is to provide early warning and rapid
response capacity for critical Earth systems that may cross non- .
linear thresholds with cascading consequences for societies and
ecosystems. Unlike existing science-policy interfaces, which often

operate at a distance from decision-making and focus on long-

cycle assessments, TEMRFs would be regionally grounded - each °
one tied to one or more specific tipping elements - yet globally
networked hubs that combine scientific monitoring, foresight,

and direct engagement with policymakers and communities. A key
feature is their commitment to multi-stakeholder and multi-scale
governance, ensuring that Indigenous Peoples, civil society, and

Community Assemblies: bottom-up, place-based deliberative
spaces that translate abstract risks info lived experience and
practical action. They could contribute to:

* Contextualising risks: local realities such as drought or
biodiversity loss help make tipping points tangible.

Surfacing diverse knowledge: Indigenous, traditional, and
ecological knowledge enrich global understanding and point to
better ways of measuring the outcomes to which policy aims.

Mobilising stewardship: community assemblies foster locally led
solutions in climate and ecological adaptation, resilience, and
regeneration.

* Building trust: participation at the local level can help to build
legitimacy and readiness for broader systemic change.

private sector actors participate alongside governments and
scientists, thereby enhancing both legitimacy and actionability.

Functionally, TEMRFs would combine multiple units to
operationalise a representation-recognition-response triad:
an Observatory Unit to recognise early warning signals

through real-time monitoring, an Impact Foresight Lab to map
vulnerabilities and cascading effects, and a Rapid Response
Group to support timely and coordinated policy development in
response to Earth system changes. Organised as a distributed
yet interoperable network, TEMRFs would rely on and contribute
to global data availability, shared standards, and digital

public infrastructure to ensure open access and coordination
across scales.

Increasing participatory approaches to impact governance
(Recommendation 5)

There has been increasing attention given to, and interest in the
use of, participatory and deliberative approaches around key
societal issues, including climate change (Escobar and Elstub, 2025).

Citizens’ assemblies and other forms of deliberative democracy offer
a compelling approach for the challenges posed by ESTPs. They bring

together diverse, demographically representative ‘mini publics’ of
ordinary people in facilitated discussions on politically challenging
topics. By engaging directly with dilemmas and trade-offs, they

can generate consensual policies, mobilise citizens, foster solidarity,
and act as a practical response to crises in institutional legitimacy.
They can be deployed at any scale, including at the global scale (see
Box 1.3.4), whether commissioned by institutions or independently.
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The interaction between the Civic and Community Assemblies has
the potential to contribute to multi-scale, distributed and reflexive
governance (Curato et al., 2025) for ESTPs. The GCA delivers
emerging agendas from grounded, diverse perspectives and
globally coordinated mandates that are rooted in lived redlities.

According to OECD data, there were on average 47 deliberative
participatory processes per year across a range of issues and
countries over the period 2019-2023, compared to 32 per year over
the previous (2014-2018) 5-year period (OECD 2023). While there
has been a mixed picture in respect to the legitimacy of such

processes and the uptake of their recommendations by policymakers

(Lorenzoni et al. 2025), the growing prominence of participatory

approaches indicates the feasibility and potential of engaging publics

on critical issues including ESTPs.

global-tipping-points.org
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Reforming impact governance mechanisms with a view to ESTPs
(Recommendations 1,2 and 3)

The task of reforming existing governance mechanisms can

take many forms ranging from adjustments of existing policies

(e.g. including ESTP scenarios and risks to adaptation planning
processes) to changing policy frameworks (e.g. long-term
development plans), adopting different decision-making logics

(e.g. precautionary, mid-century planning), and institutional reforms
(e.g. introducing different structures, enfities or processes dedicated
to addressing cascading dynamics).

The EU has taken initial steps in identifying relevant institutions and
policy frameworks that are in need of review and reform in the light of
tipping point risks (see Box 1.3.5). Similar efforts will be needed around
the world, across multiple scales, including in international institutions,
such as the UNFCCC's governance frameworks related to adaptation,
loss and damage, and climate finance. Such review efforts need to
consider which governance scale is the most appropriate for the
allocation of responsibility for tipping risks, e.g. not fo overburden
local governments with managing large, regional-scale dynamics

or abandon collective international responsibility for tipping risks by
leaving responses to regional organisations or national governments.

Box 1.3.5: Research Insight: State of Governance
ESTPs remain a blind spot in anticipatory governance in the EU

The crossing of ESTPs would cause severe, irreversible changes
to the European climate, economy and society. Despite this
growing threat, EU risk governance frameworks, including climate
adaptation strategies and disaster risk reduction mechanisms,
are largely based on gradually increasing risks and currently
overlook tail risks (e.g. extreme weather events that fall outside
historical tfrends) and ESTPs. Europe is already experiencing
climatic tail risk events, such as unprecedented floods, droughts,
and storms. Furthermore, socio-economic models underpinning
EU policy assessments omit the nonlinear damages from extreme
climate events and ESTPs, severely underestimating potential
economic damages and socio-ecological impacts. While the EU
has a package of prevention policies in place, the absence of
anticipatory discussions to manage ESTP-driven crises remains a
significant governance blind spot.

In 2024, a European Commission workshop (European
Commission 2025; EU 2025a) considered this challenge

and identified several initiatives and policy frameworks that

offer key entry points to integrate ESTP risks into European
governance, including in early warning systems, long-term
resilience planning, and risk assessments to support decision-
making of EU institutions. These entry points include national risk
assessments as part of the Preparedness Union Strategy (EU
2025b), the European Climate Adaptation Strategy (EU 2021)
and its forthcoming European Climate Adaptation Plan, and the
second European Climate Risk Assessment (EUCRA), expected

in 2028. As a way to unlock action and to bypass methodological
uncertainties, a new impulse on narrative-based methods (e.g.
science-based storylines) is starting to support risk assessment
processes at European and national scales, complementing
efforts to quantify future climate hazards. By embedding ESTP
anticipatory action as ‘no regret’ initiatives within ongoing climate
change preparedness measures, the EU has a unique opportunity
to lead a global discussion on managing systemic, non-linear
climate risks.
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Climate change adaptation: A decade after the Paris Agreement’s
adoption, global climate adaptation governance remains
characterised by profound asymmetries between the Global

North and South, with 3.6 billion people currently considered highly
vulnerable to climate change impacts (IPCC, 2023). Adaptation
governance in developing countries faces severe constraints across
multiple dimensions, especially financing (Carbon Brief, 2023).
While Global North countries have generally developed more robust
institutional frameworks for domestic adaptation, they also often
fall short of what is needed to keep up with already observed climate
impacts. In this context, the multi-scale governance system for
adaptation has yet to address tipping point risks.

Vulnerability to ESTPs does not necessarily align with historical
patterns of climate risk. Countries or communities often perceived as
less vulnerable could suffer significant impacts and disproportionate
burdens, while local authorities in many countries—currently tasked
with major responsibilities for adaptation—lack the capacity to
analyse or respond to such complex threats. For example, AMOC and
SPG collapse would heavily affect Northern Europe in unexpected
ways, and boreal forest loss would primarily impact highly developed
countries such as Canada, the Russian Federation, and Finland.
These shifts underscore the need for new risk and vulnerability
assessments and mapping.

Effective anticipatory adaptation requires diverse and flexible
strategies that can be scaled up, adjusted, or complemented with

new approaches as conditions change. Rather than relying on static
solutions that risk becoming costly or ineffective, adaptation portfolios
must remain open-ended, combining multiple pathways to enhance
resilience and provide space for learning and adjustment (Biesbroek
etal., 2025).

One critical form of adaptation is mobility, yet access to this strategy
is profoundly unequal (Parsons et al. 2024, Thalheimer et al. 2025).

At the same time, global migration governance is becoming
increasingly strained: traditional protection frameworks are being
eroded, political resistance to migration grows (Appleby 2024;
Wibisono 2024), and climate-related displacement remains largely
unaddressed. These dynamics highlight deep tensions between human
mobility, rights, and geopolitics (Micinski et al. 2023, Woodworth 2023,
Ullah 2025)—trends that make intfroducing ESTP risks intfo governance
especially challenging, but also ever more important to ensure just and
effective responses.

Earth system tipping points will expose and accelerate situations
where communities reach the limits of adaptation, intensifying
debates about soft versus hard limits (Berkhout et al., 2024).

While many climate impacts can be managed through adaptation
measures, tipping points may generate changes so abrupt and
widespread that adaptive responses become unfeasible, ineffective,
or prohibitively costly. These ‘adaptation tipping points’ (Kwadijk et
al. 2010; Juhola et al. 2022) result in residual loss and damage—
harms that cannot be avoided, adapted to, or recovered from
(McNamara and Jackson, 2018)—posing profound challenges

for existing governance frameworks. Responding effectively will
require expanding Loss and Damage mechanisms to account for
the systemic, irreversible nature of tipping point impacts, including
rethinking financial instruments, insurance models, and legal
responsibilities, while ensuring affected communities receive support
beyond what adaptation alone can deliver.

In sum, key policy priorities for fostering ESTP impact
governance include:

* mainstreaming ESTP risks intfo adaptation and
development planning,

* updating vulnerability assessments to reflect ESTP risks,
* strengthening international mobility governance, and

* expanding loss and damage mechanisms.

R N
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All the recommendations presented in GTPR 2023 remain important.
Cross-cutting these recommendations is an urgent need to better
understand and anticipate ESTP impacts. As such, the near-term
focus in building ESTP impact governance should be on developing
monitoring, early warning and response systems (see above),

and integrating ESTP impacts into risk assessments at the local,
national, regional and international levels (see below).

1.3.3 Integrating ESTP impacts into risk
assessment

The need for multi-scale risk assessments: Anticipatory governance
aimed at mitigating systemic risks from crossing ESTPs must
commence with systemic risk assessments across national, regional,
and global scales. These assessments are critical for understanding
potential impacts, catalysing institutional and policy reforms,

and aligning adaptation and disaster risk management strategies with
the realities of tipping dynamics. A recent policy brief by the European
Commission’s Joint Research Centre (JRC) (Roman Cuesta et al.,
2025) underscores this necessity, as does the scientists’ letter to the
Nordic Council of Ministers regarding the AMOC, which argued that a
regional risk assessment process would be an important measure the
Nordic governments should undertake. Such risk assessments should
be participatory, engaging decision-makers across multiple policy
domains as well as relevant experts and a wide range of stakeholders.

At the global scale, the IPCC provides a regular authoritative scientific
assessment of climate change risks. It has included the risks of ESTPs
in its assessment reports since 2001. AR7 expected in 2028 will include
a chapter dedicated to tipping risks (‘Abrupt changes, low-likelihood
high impact events and critical thresholds, including tipping points,

in the Earth system’). The World Climate Research Programme
(WCRP) is currently undertaking a review of science to assess Earth
system tipping risks, and we provide an assessment here in Section 2
of GTPR 2025.

National and regional developments: At the national level, several
initiatives have recently emerged to start assessing risks that arise
from ESTPs. For example, the Finnish Meteorological Institute and
Atmosphere and Climate Competence Center launched a policy
brief in 2024 focusing on AMOC risks in Finland (Merikanto et al.,
2024). The German government mentioned ESTPs in its National
Interdisciplinary Climate Risk Assessment (NIKE 2025). The Australian
government is reviewing its Reef 2050 Long-Term Sustainability Plan
(launched in 2015), including an assessment of the extent to which
coral reefs have already tipped (Commonwealth of Australia 2021).
In some cases, like the UK, these developments are driven by non-
state actors: a report by the Institute of Public Policy Research has
drawn attention to security risks arising from AMOC or SPG tipping
(Laybourn et al., 2024).
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Most of these analyses have been advanced in developed countries
and with a focus on a single or pair of tipping processes with direct
geographic relevance for the country. More initiatives of this kind
are needed across the globe, especially in countries facing the
consequences of proximate ESTPs, i.e. those we identify as at risk
between 1.5°C and 2.0°C warming.

At the regional level, the first European Climate Risk Assessment
(EUCRA) published in 2024 identifies 36 climate risks threatening
Europe’s energy and food security, ecosystems, infrastructure,

water resources, financial stability, and public health. While tipping
risks served as ‘wild cards’ in EUCRA's scenario narratives, the report
did not consider ESTP-related risks systematically. Future EUCRAs and
similar regional processes in other parts of the world (e.g. under the
frameworks of the African Union, ASEAN, ACTO) could be developed
or strengthened to consider tipping risks and to reflect context-
specific vulnerabilities and enhance regional governance capacities.
The EU’s JPI Climate and JPI Ocean platforms recently initiated a risk
assessment process of the AMOC.

Methodological challenges & data gaps: Integrating ESTPs into

risk assessment processes, policy and planning faces several
methodological challenges and information gaps. Common risk
calculations based on probabilities are often not possible given

high levels of uncertainty. Existing IPCC assessments and socio-
economic models fail o capture the nonlinear, cascading nature of
tipping points, leading to a drastic, systematic underestimation of
the risk and economic costs from crossing ESTPs (Roman Cuesta

et al., 2025). There is an urgent need for alternative approaches
(e.g. a recent proposal in Norway (Norway, 2018) to consider
consequences, probability, knowledge and strength of knowledge

to assess climate risks instead of the standard formula multiplying
probability with expected quantified impacts) and improved
modelling frameworks that integrate biophysical and socio-economic
dimensions. More generally, research on the social impacts of tipping
processes is lacking, leaving large data gaps concerning social or
economic indicators.

Given the nature of tipping processes, the high levels of uncertainty
and the challenging time horizons that need fo be considered,
anticipatory and participatory futures and foresight methods

(e.g., horizon scanning, scenario development) will play an important
role in tipping risk assessments. Approaches such as simulations

(e.g. Al-enhanced agent based modelling (Gao et al., 2024;
Ghaffarzadegan et al., 2024), storylines and wild cards, already
trialled in EUCRA (EEA, 2024), or what-if scenarios used in a UK
report on ESTP security risks (Laybourn et al., 2024), could be used
to assess ESTPs risks, including those that cannot be easily quantified
(e.qg. risks of civil unrest).

It will be important to co-produce tipping risk assessment processes
with key stakeholders, who can bring their knowledge and risk
response skills to the exercise. This includes Indigenous Peoples (e.g. in
the Amazon rainforest or the Arctic) and local communities, who have
valuable place-based knowledge and understanding that will enhance
risk assessment and the identification of effective response options.

R N
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Box 1.3.6: ESTPs and financial risk management

Financial and insurance institutions and regulators are starting the urgent task of updating their risk frameworks to reflect the growing
threat of ESTPs. These risks are politically pertinent for pension funds because of their relatively long time horizons and the fiduciary duty to
beneficiaries. ESTPs are nonlinear, interconnected, and lack clear historical precedents, making them difficult to model using current financial
and insurance risk tools, which often use econometric approaches based on prior experience (Lenton et al., 2019; Kousky, 2019; Trust et al.,

2025).

Traditional financial and insurance risk management that is focused on incremental and historically grounded scenarios has proven
inadequate in the face of systemic shocks, as was shown in both the 2007-08 financial crisis and the COVID-19 pandemic. In both cases,
emergency interventions by governments and regulatory bodies were required to stabilise the system, underscoring the failure of ex-ante

risk governance (Bolton et al., 2020). ESTPs pose a similar challenge but with even less capacity for reactive containment and recovery.
Despite this, most stress testing and portfolio risk assessment methods undertaken by financial institutions continue to assume gradual climate
trajectories. There are some recent efforts to take into account the possibility of extreme events in the short term (NGFS, 2025) but the
assessment of tipping points risk is only just beginning. As a result, risk assessments generally overlook the potential for cascading system
failures and cross-sectoral disruptions triggered by tipping events (Battiston et al., 2017). This leads to dangerous overconfidence in asset
resilience and mispricing of long-term environmental and financial risks (FSB, 2025; Marsden et al., 2024; Trust et al., 2025; WEF, 2020). Even
when the consequences of passing a tipping point will take time to play out, if such consequences are irreversible, financial actors will rapidly
reprice assets accordingly. This bringing of future consequences into the present is an additional source of financial instability. The early
manifestations of this emerging challenge can be seen with the withdrawal of insurance and the repricing of real estate in regions affected by

increasingly frequent climate-related extreme events.

The degradation of ecosystems further compounds financial vulnerability and interacts with tipping dynamics. Natural systems provide
essential buffers, such as flood protection and carbon sequestration, that mitigate the severity of climate impacts (Costanza et al., 1997;
2017). Yet these services are rarely valued in financial models (Dasgupta, 2021). Biodiversity, in this context, functions as “natural insurance”,
but its degradation remains largely invisible to current regulatory and market structures (NGSF, 2022; OECD, 2023; IPBES, 2024).

Financial stability is a critical concern in the face of Earth system destabilisation, and the lack of consideration of nonlinear dynamics in

risk analysis is a critical barrier to effective governance. Urgent reforms are needed to embed tipping dynamics into financial, insurance,
and related corporate governance frameworks. A precautionary approach to financial regulation that embeds ecosystem resilience and
tipping dynamics into regulatory frameworks is essential (Kedward et al., 2023). This includes revising capital requirements, integrating
nature-related risks info disclosure standards (UNEP, 2022), and steering financial flows away from activities that accelerate Earth system
destabilisation (WEF, 2024). The financial and insurance systems and biosphere resilience are now deeply interdependent; governance that

fails to reflect this will compromise both.

Note: The role of finance in triggering and preventing ESTPs is addressed in Chapter 1.2, and positive tipping points in the financial system are

addressed in Chapter 3.2.

1.3.4 Justice and intergenerational governance

ESTPs raise profound and unprecedented justice challenges.

Their impacts are not only global and potentially irreversible but also
distributed unequally across time, space, societies, and communities.

The governance of these impacts must therefore be rooted in a
robust and explicit commitment to justice, both to ensure fairness
in the face of disruption and to build legitimacy for decisions made

under uncertainty. The concept of Earth system justice (Gupta et al.,
2023) offers a guiding framework here. Within the conceptualisation

of Earth system justice, interspecies justice is integrated with
intfragenerational and intergenerational justice, considering
substantive and procedural elements.

Intragenerational equity: Who bears the burden today?

While climate tipping points are planetary in scale, their consequences
will be highly uneven—both geographically and socially. Many tipping

points will disproportionately affect those who live near vulnerable
systems (e.g. Amazon basin communities, low-lying coastal states),
those with already limited adaptive capacity due to poverty or
marginalisation, and those directly dependent on ecosystems

at risk of collapse (e.g. coral reef fisheries, rain-fed agriculture).

Crucially, specific tipping points can not only amplify existing climate

risks, but they also alter how risks, impacts, loss and damage are

distributed across space and time. These dynamics can make impacts

significantly worse for communities already vulnerable fo climate
change by increasing the magnitude, speed, and irreversibility

of impacts. At the same time, ESTPs can generate new types of
vulnerability not previously recognised—some in places that have
historically been less exposed.

N
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For instance, abrupt ice sheet collapse, permafrost thaw,

or AMOC disruption, could have cascading effects on food security,
infrastructure, and livelihoods in regions previously considered
relatively insulated from the worst effects of climate disruption.

This evolving risk landscape demands a shift in governance thinking.
Impact governance must not only prioritise and expand support

for communities already at risk, but also anticipate and respond to
emerging and new vulnerabilities, especially those that fall outside
current adaptation frameworks. Planning and investment decisions
must ensure an equitable distribution of adaptation resources and
address irreversible harms in equitable ways. Mechanisms for loss
and damage need to be significantly strengthened and expanded to
reflect the long-term, systemic nature of tipping point impacts.

Emerging international frameworks—such as the Loss and Damage
Fund and the Santiago Network—offer entry points for addressing
these concerns. But to be truly effective, such frameworks must evolve
to reflect the redistributive, unpredictable, and cascading nature of
tipping point risks—across both the Global South and Global North.

Intergenerational responsibility: Who bears the burden tomorrow?

Perhaps the clearest justice issue raised by tipping points is
intergenerational. Many tipping processes, such as ice sheets or
ocean circulation, take place over extended time periods - decades
to millennia, and their consequences will persist for centuries

and millennia. Once passed, these thresholds commit future
generations to living with radically altered Earth system conditions.
Unlike other environmental risks, these changes cannot be reversed
or “cleaned up” later - the impacts of the current generations’
decisions will be permanent.
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This deep intertemporal asymmetry creates a powerful moral
imperative: foday’s decisions about ESTP prevention and adaptation
will shape the basic life-support systems of tomorrow’s societies.
Governance must therefore be designed not only to protect current
populations, but also to safeguard the rights and wellbeing of those
yet to be born. This requires:

* Expanding the time horizons of policy and financial planning fo
consider femporal patterns of tipping (at least several decades).

* Strengthening legal and institutional mechanisms that represent
future generations (e.g. ombudspeople, constitutional protections,
or future councils).

* Embedding precautionary principles in high-stakes decision-
making, especially when uncertainty intersects with irreversibility.

Legislation such as the Well-being of Future Generations (Wales) Act
2015 shows that this is possible. The Act places a duty on public bodies
to carry out sustainable development. It requires public body decision-
making to take account of the long term, to prevent generating and/
or exacerbating problems, to take an integrated and collaborative
approach, and to consider and involve people of all ages and
diversity. However, such frameworks need to be drafted with ESTPs

in mind, and be seen not merely as ‘aspirational’ (Stokes and Smyth,
2024) but as requiring urgent and accountable implementation.

Interspecies justice and ESTPs

Many non-human species are acutely vulnerable to tipping point
impacts—especially those with limited ability to adapt to rapid
environmental change, such as reptiles, amphibians, and most
fish. Sudden habitat shifts may exceed the adaptive capacity of
numerous ecosystems.

Human activity is a key driver of these tipping points, reinforcing

our responsibility to act to protect non-human species. Ensuring
interspecies justice requires a better understanding of the impacts of
tipping processes on non-human species and ecosystems, and the
actions that can protect ecological integrity. It requires governance
that aligns development pathways with ecological and Earth

system thresholds.

Some governments and institutions have taken initial steps to
recognise the rights of nature—steps that need to expand globally to
reflect the intferconnected and cascading nature of tipping elements
(see Chapter 1.4, subsection 1.4.7).

Procedural justice: Inclusion in decision-making

The domain of justice concerns the way decisions are made as well as
their outcomes (Sen, 2009). Decisions about how to prepare for and
respond to tipping point impacts will involve trade-offs across sectors,
regions, populations and generations. Such decisions must therefore
be made through processes that are transparent, participatory,

and inclusive, and grounded in the values of respect, neutrality,
trustworthiness and voice (Meyerson, Mackenzie and MacDermott,
2020, p.8). At the same time, they must be designed to facilitate
urgent action and not become an undue obstacle (Ruhl & Salzman
2023). Yet many communities most at risk — including Indigenous
Peoples, youth, women, older persons, and those with limited access
to resources in both the Global North and the Global South — remain
underrepresented in climate governance. In the context of tipping
points, greater inclusion of such groups may improve decision-making
processes and outcomes in the following ways:

* Local and Indigenous knowledge can complement scientific
models, particularly those for tipping points with significant
non-climate drivers (e.g., Amazon) and improve the legitimacy of
adaptation decisions addressing localised impacts.

* Youth representation promotes consideration of future interests in
present-day planning.

* Multi-stakeholder forums can help navigate complex trade-offs,
build consensus, and reduce the risk of conflict.
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Carefully building participatory governance processes into national
and regional institutions is not only fair, but it also increases resilience
by aligning policy with local realities, strengthens social trust,

and promotes the perceived legitimacy of decision-making.

In summary, tipping points confront policymakers with hard
questions about what kind of future we are preparing for, and for
whom. The just governance of tipping point impacts concerns not
only resilience, but also fairness between countries, communities,
generations, and species.

1.3.5 Final remarks

As global warming approaches or exceeds 1.5°C, the risk of crossing
ESTPs is a near-term possibility demanding immediate policy
responses. Their impacts go beyond the scope of conventional climate
policy and demand a new kind of impact governance—an approach
that can anticipate and manage systemic change, protect the most
vulnerable populations, and maintain social, political, and economic
stability amid deep uncertainty.

Governance for tipping point impacts requires a fundamental

shift in approach: from managing known risks to navigating the
unknown; from improving existing systems to preparing for deep
transformation; and from responding fo short-term crises to
building long-term resilience and advancing Earth system justice.

A multi-phase governance framework is needed—beginning with
early anticipation and preparedness, extending through rapid
response as tipping thresholds are crossed, and continuing into

the turbulent period of irreversible change that follows. This shift
demands that we strengthen existing institutions, reform inadequate
structures, and innovate new mechanisms that are fit for navigating
tipping dynamics.

Most current governance mechanisms—whether in adaptation,
disaster risk reduction, or economic planning—are not designed for
the scale or speed of change that ESTPs entail. Institutional reforms
and innovations are needed to enable real-time risk monitoring

and coordinated policy responses. At the same time, governments
must integrate tipping risks intfo national and regional assessments
and use participatory foresight tools to inform planning in the

face of uncertainty. While some regions have taken initial steps,
global progress remains limited and uneven.

Justice must lie at the heart of impact governance. Tipping point
impacts will fall unevenly across geographies, communities, and
generations—exacerbating existing vulnerabilities while creating

new ones in places previously considered secure. Governance must
prioritise inclusion, fairness, and transparency to build legitimacy and
maintain social cohesion in the face of upheaval. Ultimately, preparing
for tipping points is not just about managing risks—it is about
governing for a future that will be fundamentally different, and doing
so in a way that is accountable, adaptive, and just for all.
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1.4.1 The vital role of human rights in ESTP governance

Human rights provide a potentially powerful and globally legitimate
overarching normative framework to help guide ESTP governance.
The core role that human rights play within the system of global
climate norms was underscored by the recent advisory opinions

of the International Court of Justice (ICJ, 2025) (Obligations of
States in respect of Climate Change), the Inter-American Court

of Human Rights (IACtHR, 2025) (Climate Emergency and Human
Rights), and the International Tribunal for the Law of the Sea (ITLOS,
2024) (Climate Change and International Law), as well as the rapid
proliferation of strategic litigation efforts around the world (see
3.2.2.3). The risks to human rights of crossing ESTPs have been cited
as compelling evidence in recent landmark court judgments requiring
state actors to act more decisively on reducing greenhouse gas (GHG)
emissions. In examining these and other juridical developments,

the chapter provides support for policymakers, scientists, legal
experts, environmental defenders and other actors (see Chapter 1.5)
who are driving systemic and transformative change in global legal
and policy frameworks for addressing the climate crisis and ESTPs.

Human rights exist both as ethical concepts closely connected to

the idea of justice (Sen, 2009) and as a mature regime of legally-
binding norms and supporting institutions at the international,
regional, and national levels. The 2023 Global Tipping Points report
warned about the potentially “unequal and unjust consequences”

of transgressing ESTPs (Key Messages, p. 8). Human rights
frameworks are well-positioned to help understand and address
these consequences, in conjunction with other normative tools.
Critically, they help us understand both what is at stake and how to
take action in the face of legitimate competing interests and priorities.
Human rights frameworks are inclusive, especially with attention to
the rights of future generations. They can be potent and persuasive
communication tools for influencing public opinion, diversely situated
policymakers and other strategic actors, including judges.

Like any other normative framework, human rights face legitimacy
and practicality challenges, in particular as to enforceability and long-
term societal impact in a time of growing inequality and persistent
global injustice (Kotze, 2019; Moyn, 2019). There also exist patterns
of political resistance to bringing human rights language into climate
change negotiations (Wallbott and Schapper 2015), often making
processes more contentious and difficult. Nonetheless, a diverse
array of human rights norms, institutions, and practices have a
proven record in guiding and constraining state and non-state actors
in all regions of the world. As imperfect as they are, human rights

will inevitably play a role in the motivation, conceptualisation and
design of approaches to global ESTP governance, alongside other
frameworks such as equity and justice (Pereira et al., 2024), the Earth
system justice framework (Gupta et al., 2023), Earth stewardship
(Chapin et al. 2022), and the lens of planetary resilience

(Rockstrom et al., 2024).
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The international human rights framework provides an overarching
set of norms for addressing key governance challenges that are
specific to ESTPs, including anticipatory governance, intertemporal
decision-making, and systemic risk governance (on these challenges,
see Milkoreit et al., 2024). In establishing principles and practices
for tipping point governance, human rights laws and ‘soft law’
instruments provide baseline standards of conduct for states and
non-state actors. Such instruments include, among others, the

core UN-administered human rights instruments and enforcement
mechanisms, the “UN right to a clean, healthy and sustainable
environment” (General Assembly Resolution A/RES76/300), and the
UN Guiding Principles on Business and Human Rights (UNGPs, 2011).

Non-state actors, such as businesses and non-governmental
organisations, also play a key role in ESTPs governance (see Chapter
1.5), and they too require normative guidance and guardrails. A
growing set of human rights norms apply directly and indirectly to
these actors, including the UNGPs (UNGPs, 2011), the OECD Guidelines
for Multinational Enterprises (OECD Guidelines, 2023), corporate
sustainability governance frameworks (e.g. WBCSD, 2018), and
national laws, such as the EU’s Corporate Sustainability Due Diligence
Directive (CSDDD, 2024) and France’s 2017 Duty of Vigilance Law
(Savourey & Brabant, 2021; Reinsberg & Steinert, 2024). Perhaps
counter-intuitively, the human rights field can help formulate the
‘business case’ for taking urgent action on ESTPs. Transgressing ESTPs
will lead to massive adverse impacts on the global economy

(Institute and Faculty of Actuaries, 2025; Potsdam Institute for Climate
Impact Research, 2025) and reducing the risk of such impactsis an
important and legitimate concern for businesses. That being said,
human rights, as ethical concepts, give priority to normative-ethical
motivations over economic-instrumentalist motivations (Sen, 2009;
Rogge, 2022). Thus, a human rights approach to ESTPs governance
will give priority to the ethical motivation fo prevent and mitigate
harm to people and nature as ends in and of themselves.
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1.4.2 Why ESTPs are a threat to human rights

Preventing ESTPs is essential for the global protection of human
rights. Transgressing ESTPs will lead to dramatic and irreversible
changes in regional and global climate and biophysical systems

(see Section 2) with consequent severe adverse impacts on the human
rights of hundreds of millions, even billions, of human beings, including
future generations (IPCC AR6, 2023, Ritz, 2024). While these impacts
can be described in many ways, they can be powerfully understood as
violations of civil & political rights (ICCPR rights), economic, social and
cultural rights (ESCR rights), environmental rights, Indigenous rights,

and breaches of equity and justice (Wewerinke-Singh & Maxwell,

2025). The unjust impacts of climate change that already exist foday
could be exacerbated by the transgression of ESTPs, compounding

harms to future generations (Rammelt et al., 2023; Pereira et al.,
2023). ESTPs could also create new harms, changing the map of

present climate-related vulnerability and impact distribution around

the world. Such impacts threaten the foundational guarantee of
human dignity expressed by the entire corpus of human rights law,
as reflected in, among others, the Universal Declaration of Human
Rights, the multi-state Charter of Fundamental Rights of the
European Union, the national-level Constitution of the Republic of
South Africa; the Constitution of the Republic of Ecuador, and the

Basic Law for the Federal Republic of Germany (Ritz, 2024). As Ritz
states, “lalnthropogenic emissions largesse leading to the triggering
of tipping points in the climate system most severely interferes with

the right to life of millions across the planet...” (Ritz, 2024).

ESTPs give rise to two very different kinds of human rights risks: first,

direct harms caused by abrupt and massive biophysical changes in

the environment; second, indirect adverse human rights impacts from
state and non-state responses to ESTPs risks. The direct biophysical

ESTPs risks include, among others: widespread global shrinkage
of crop growing areas; disruption of monsoons (e.g. West Africa);
forest dieback in the Amazon Basin; degradation of savanna and

drylands; die-off of coral reefs; die-off of mangrove forests; water

eutrophication; and linked adverse impacts on global and regional

food security, water availability, human health, housing and cultural

identity (see Table 1.4.1).
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Indirect human rights impacts include, among a wide range of adverse
societal consequences, rising authoritarianism and crackdowns on

civil liberties, the use of racist and discriminatory criteria in adaptation
responses, further marginalisation of vulnerable populations,

and the potentially adverse impacts of geoengineering (on the

latter, see Lazard et al., 2025). The 2023 Tipping Points Report
acknowledges that “[pllanned relocation in close collaboration

with affected communities will become increasingly necessary”

(Key Messages, p. 23). If resettlement programs and other large scale
adaptations are discriminatory, poorly designed, delayed through
mismanagement, corruptly administered, imposed without meaningful
stakeholder engagement (Buhmann et al., 2025), or carried out
without the free, prior and informed consent of indigenous peoples
(Hanna & Vanclay, 2013), there is a risk that ESTPs mitigation efforts
themselves may violate human rights.

A summary of the threats to different categories of human rights

of transgressing ESTPs, and how they can amplify the harms that
may be caused by incremental climate change, is included in Table
1.4.1. ICCPR rights are at risk insofar as the impacts on human beings
threaten peoples’ freedom, dignity, and their very subsistence and
survival. IESCR rights are at risk due to the adverse impacts on
livelihoods and culture, labour conditions, and the viability of diverse
existing human settlements. These rights are violated where there
are disproportionate adverse impacts on marginalised groups within
states and on the least developed countries. States are obligated to
fulfil human rights for the most vulnerable groups (Pariotti, 2023),
and this obligation implies that groups who are especially vulnerable
to specific ESTPs risks must be protected (e.g. detrimental impacts on
coral reefs and fishers; the adverse impacts on indigenous peoples

of Amazon forest dieback). Non-discrimination, as a branch of

both ICCPR and IESCR rights, requires that the rights of vulnerable
communities should not be undermined in “green sacrifice zones”
(see the 2023 Global Tipping Points Report, 4.2.4; Zografos & Robbins,
2020; Pereira et al., 2024).
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Table 1.4.1: Human rights implications of climate change compared to Earth system tipping points

Human Right Impact of general climate change Additional/distinct impacts from Applicable human rights laws,
earth system tipping points statutes, and authoritative
frameworks (not exhaustive)
Right to Life Increased mortality from heatwaves, Tipping points like AMOC collapse - UDHR Art. 3
floods, wildfires, and disease spread. increase frequency/intensity of _ICCPR Art. 6
hurricanes; Greenland Ice Sheet X .
melt more rapidly raises sea levels, - Sendai Framework for Disaster
threatening entire regions. Risk Reduction
Right to Food Crop failures due to drought, shifting Amazon dieback reduces rainfall in - ICESCRArt. 11
seasons, pests, and storms, decline in key agrticulfurol zones (e.g. Bra‘zil, - FAO Right fo Food Guidelines
fisheries. Argentina); AMOC slowdown disrupts
monsoon cycles, affecting agriculture -sDG2
in South Asia and Africa; coral reef
collapse impacts fisheries.
Right to Water Glacial melt and drought reduce access  Permafrost thaw alters freshwater - ICESCR Arts. 11&12
to clean water; flooding contaminates  flows; AMOC and monsoon shifts - UNGA Resolution 64/292
supplies. drastically affect regional water cycles.
- CEDAW Art. 14(2)(h)
Right to Health Increased vector- and water-borne Environmental breakdown and - ICESCR Art. 12
diseases; mental health crises; air associated uncertainty are detrimental  _ WHO Constitution
pollution. to mental health; Permafrost thaw may .
release ancient pathogens. - Paris Agreement
- EU Charter of Fundamental Rights,
Art. 35
Right to Housing Coastal and inland displacement due to  Greenland and West Antarctic Ice -ICESCRArt. N

sea-level rise, fires, floods, and storms.

Sheet melt causes meters of sea-level
rise; coral reef collapse removes
natural coastal barriers; AMOC
slowdown increases storm surges in
certain regions.

- Paris Agreement Art. 8 (Loss
and Damage)

- OAS Convention Art. 21

- Kampala Convention (Africa)

Right to Development & Livelihoods

Economic stress from disrupted
agriculture, fisheries, tourism, and
infrastructure.

Coral reef dieback affects fishers and
tourism; forest dieback undermines
forest-based economies (e.g. Amazon
& boreal regions); AMOC shifts impact
global trade and GDP.

- ICESCR Art. 6
- ILO Convention 169
-SDG 8

Right to Culture

Loss of environmental heritage,
practices, and traditional knowledge.

Coral reef loss undermines Indigenous
and local cultural identity; forest
degradation (e.g. boreal and Amazon)
erases landscapes central to belief
systems and oral traditions.

- UNDRIP Arts. 11, 25, 29
- ICESCR Art. 15
- AU Charter Arts. 17(2) and 22(1)

Right to Self-Determination

Marginalised communities face
disproportionate harm with little say in
climate governance.

Small Island states risk complete
submersion (e.g. Tuvalu, Maldives),
challenging sovereignty; forest-
dependent Indigenous nations lose
territorial integrity.

- UN Charter Art. 1(2)
-UNDRIPArt. 3
- AU Charter Art. 20

Right to a Healthy Environment

Degradation of biodiversity,
ecosystems, and air/water quality.

Transgressing tipping points will cause
irreversible collapse of ecosystems
(e.g. Amazon, coral reefs); permafrost
thaw and albedo loss from ice

sheets, thereby accelerating global
degradation of ecosystems.

- UNGA Res. 76/300 (2022)
- CBD (1992)
- UNCLOS Arts. 192-194

Rights of Future Generations
(Intergenerational Justice)

Current emissions threaten future
generations’ access fo basic needs and
livable climate.

Tipping elements risk locking in
irreversible changes beyond human
control, disproportionately harming
those not yet born.

- Rio Declaration Principle 3
- UNFCCC Preamble
- Our Common Future

- UN Declaration on Future
Generations

- Maastricht Principles on the Human
Rights of Future Generations

As the examples above show, ESTPs, if transgressed, will have direct impacts on millions and even billions of people, particularly the most
vulnerable groups and populations, pushing them into poverty, deprivation, and conditions of forced migration.
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1.4.3 The overarching human rights
obligation to tackle the drivers of ESTPs

The primary positive human rights obligation of states related to
ESTPs is the obligation to take science-based steps to prevent and
mitigate the adverse effects of climate change and to adapt where
necessary (ICJ, 2025, paras 72-87; 268, 273; KlimaSeniorinnen, 2024).
Such steps require not only that states take responsibility for their own
actions, including the actions of state-owned enterprises, but also that
they effectively regulate the economic activity and business conduct
of non-state actors (ICJ, 2025, para 428; IACtHR 2025, para 353).
The ICJ has explicitly acknowledged “the obligation of States to
regulate the activities of private actors as a matter of due diligence”
(ICJ, 2025, para 428). Regulation must pertain to the negative
obligation on states to not increase GHG emissions; and this negative
obligation implies corollary responsibilities for businesses (McVey &
Savaresi, 2025).

As the key driver of ESTPs is global temperature increase, the
“heart of effective prevention strategies” lies in accelerated climate
change mitigation (see Chapter 1.2). ESTPs can be divided into

two groups: those that are nearly entirely climate-driven and are
not sensitive to anything but mitigation as a prevention strategy
(e.g. AMOC collapse), and those with both climate and non-
climate-related drivers. Thus, the human rights obligation on states
to prevent and mitigate ESTPs pertain to two different processes
(see Chapter 1.2):

1 Prevention and mitigation of ESTPs predominantly driven
by climate,

2 Prevention and mitigation of ESTPs driven by a combination of
climate and non-climate drivers.

These two categories imply different but complementary human rights
obligations on states (on the two different processes, see Table 1.2.1).

For ESTPs driven by a mix of climate and non-climate drivers, state
obligations require targeted actions that, in some cases, have a
regional focus. So, for example, in coral reef die-off, state obligations
arguably include taking specific prevention actions, such as reducing
water pollution/nutrient sediment, and reducing disruption caused

by shipping and over-harvesting of reef fish. In the Amazon forest,
state obligations arguably include reducing deforestation and
degradation which will require regional and national policies that are
tailored to meet the specific environmental threats that may arise
from agricultural expansion, mining, oil drilling, and human settlement
(see Table 1.2.1). Regional and international co-operation on land

use management changes and resource allocations are needed to
prevent Amazon tipping points and their consequent adverse impacts
on human beings and nature (Box 1.2.2). The need for multi-scale,
cross-border co-operation is supported by the ICJ’'s 2025 Advisory
Opinion, which affirms that “[c]limate change is a common concern”
and that states have a legal duty to co-operate with other states to
prevent significant harm to the environment, including by avoiding
transboundary pollution (ICJ, 2025, paras 301-307; 347-349).

While preventing harm from transgressing ESTPs is a priority human
rights obligation in and of itself, the approaches taken by state and
non-state actors to prevent specific ESTPs (e.g. to prevent coral
reef and Amazon forest die off) must also be guided by human
rights norms, particularly with regard to the potential unintended
negative impacts of on affected populations. With the huge diversity
and scale of action that is needed around the globe, it is inevitable
that some ESTP governance interventions will have controversial or
contested elements. In this regard, states are obliged to protect and
respect the human rights of affected populations who may, now or
long in the future, be critical of, or protest against, specific ESTPs
governance interventions.

1.4.4 ESTP science: a trend towards
greater judicial acknowledgement of
nonlinear risks

The effective protection of human rights foday and in the future
requires state and non-state actors to be fully informed by the science
of ESTPs. As recognised by the ICJ in its 2025 Advisory Opinion (ICJ,
2025), and expressed in Articles 4.1 and 14.1 of the Paris Agreement,
states have an obligation to undertake rapid reductions of GHG
emissions in accordance with best available science (Paris Agreement,
2015; Ritz, 2024). Integrating best available ESTPs science as
summarised in this report has the potential fo drive a paradigm shift
for global legal advocacy efforts, policymaking, and for ESTPs-
aware judicial determinations. Adducing scientific evidence that
demonstrates how severe harms to human beings and ecosystems
will occur if ESTPs are transgressed helps to boost the legal case for
taking urgent action “to pursue a warming limit below likely tipping
thresholds” (Ritz, 2024).

The adverse human rights impacts of transgressing ESTPs have
been noted in a small, but important, number of recent climate
change cases. A key domestic case is State of the Netherlands v.
Stichting Urgenda, in which the Supreme Court of the Netherlands
emphasised that any delay in climate action “creates a greater risk
of an abrupt climate change occurring as the result of a tipping point
being reached.” (State of the Netherlands v. Stichting Urgenda, 2019,
summary). In Urgenda, the court ruled that the right to life (article 2)
and right to family life (article 8) of the European Convention on
Human Rights (ECHR) require states to take adequate measures to
address the “real and immediate risk to people’s lives or welfare”
posed by climate change, including abrupt changes that may be
brought on by reaching tipping points (State of the Netherlands v.
Stichting Urgenda, 2019, at 5.6.2; see Jodoin, et al., 2024). The link
between ESTPs and human rights harm was also recognised in the
German Federal Constitutional Court’s groundbreaking Neubauer
decision (Neubauer, et al. v. Germany, 2021), which required Germany
to accelerate its GHG reduction targets (Sabin Center & Grantham
Institute, 2025; Kotzé, 2021).

Regional human rights courts are important fora for ESTPs-
informed legal advocacy. In the European Court of Human Rights’
(ECtHR) Grand Chamber decision in KlimaSeniorinnen, the Court
referenced the claimant’s contention that, “...that there was a

real risk of exceeding critical further thresholds known as ‘tipping
points’, and that significant climate change mitigation measures

had to be taken as a matter of extreme urgency to avoid the most
catastrophic impacts, even if allimpacts could no longer be avoided”
(KlimaSeniorinnen, at para. 334; the court also refers to tipping points
at para. 397). In its decision, the ECtHR draws a direct link between
the risk of irreversible harm and state human rights obligations:

” “...taking into account the scientific evidence
regarding the urgency of combating the adverse
effects of climate change, the severity of its
consequences, including the grave risk of their
reaching the point of irreversibility, and the
scientific, political and judicial recognition of a link
between the adverse effects of climate change
and the enjoyment of (various aspects of) human
rights (see paragraph 436 above), the Court finds it
justified to consider that climate protection should
carry considerable weight in the weighing-up of any
competing considerations.”

[KlimaSeniorinnen, 2024, at para. 334,
emphasis added]
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The ECtHR emphasised that states’ human rights obligations to
protect the climate system arise from “the urgency of the situation
and the risk of irreversible harm,” and expressed deep concern
about the “prospect of aggravating consequences arising for future
generations” (KlimaSeniorinnen, 2024, at para 420).

In KlimaSeniorinnen, the ECtHR emphasised the importance of
keeping up to date on climate science for the purpose of protecting
human rights. The Court noted that Swiss Federal law requires that
government action on climate change and GHG emissions must be
taken “in the light of current scientific knowledge and experience”

and that the government “shall take into account the latest scientific
knowledge” (KlimaSeniorinnen, 2024, at paras 122 and 127).

The decision of the ECtHR is binding on Swiss authorities and sets an
important precedent for the rest of Europe; it also has the potential to
influence decisions in courts around the world (Savaresi, 2025).

As the reach of ESTP-aware jurisprudence expands, governments
may be required to incorporate ESTPs science and impacts into their
assessments and action plans. This line of argument is supported by
the 2024 ITLOS Advisory Opinion on climate change obligations under
the UN Convention on the Law of the Sea - the Tribunal referenced
scientific evidence on climate tipping points to support its conclusion
that the standard of the state due diligence obligation is a stringent
one (ITLOS 2024, para 398).

As the cases above indicate, Courts are beginning to take note that
the risk of crossing irreversible tipping points poses a threat to the
human rights of billions of people, and that this threat increases

the urgency of prevention action needed. In line with this trend,

the IACtHR explicitly refers fo tipping points in its 2025 Advisory
Opinion, recognising that, “[t]he increase in the global average
temperature also increases the probability of exceeding the tipping
points” (IACtHR, 2025, at para 197, emphasis in original). The Court
acknowledges the heightened risks of crossing tipping points at 1.5°C
and above, and the potential for cascading effects: “[t]he feedback
between these crucial points could increase the risk of triggering

a global cascade in which other tipping points are exceeded,
including the uncontrolled release of carbon from permafrost and
the devastation of coral reefs” (para 197). Human rights claimants,
their legal advocates, and policymakers in all parts of the world are
now in a position o highlight the IACtHR’s explicit acknowledgment of
the dangerous human rights impacts of tfransgressing tipping points.

Looking ahead, ESTPs-informed climate litigation efforts have the
potential to drive a paradigm shift in climate law. Drawing on ESTPs
science, legal advocates can contribute to the formation of high-
impact ESTPs-aware judicial decision-making. By building on prior
successful cases, and by framing new claims within the nonlinear
ESTPs paradigm, advocates can powerfully amplify the urgent need
for stringent prevention obligations for states and non-state actors,
as well as positive mandates (see Section 3.2).
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1.4.5 Preventing regional tipping points:
the urgent need to protect environmental
defenders across the globe

Climate and environmental human rights defenders (also called
“nature defenders” or “ocean defenders”) play an integral role in
worldwide efforts to raise awareness about the impacts of climate
change and the risks of crossing tipping points. They also play a

key role in encouraging state and non-state actors to take action to
prevent and mitigate against ESTPs (United Nations UNECE End of
Mission Statement, Forst, 2024; United Nations UNECE Statement,
Forst, 2024; United Nations OHCHR Report, Morgera, 2024).

The increasing threats to environmental defenders in both Global
South and Global North (Front Line Defenders, 2024) makes their
work more difficult and dangerous, and thus holds back progress

on ESTPs prevention (see Section 1.2; United Nations UNECE End

of Mission Statement, Forst, 2024). Environmental defenders face
increasing marginalisation, intimidation, criminalisation, threats,
violence, and murders, around the globe (UNECE Statement, Forst,
2024; Civic Freedoms and HRD Database). The failure to protect
the human rights of environmental defenders must be urgently
rectified by states, businesses, and civil society (Bennett et al., 2023).
Protecting these defenders - who include Indigenous leaders, farmers,
scientists and academics, paraecologists, lawyers, journalists, artists,
entrepreneurs, and ordinary people - is more important than ever
before (on how businesses can protect environmental defenders,
see Freeman & Handagard, 2025).

Environmental defenders operate across scales - nationally,
regionally, and internationally - and face different human rights risks
in diverse contexts. One of the most prominent examples concerns
the Amazon rainforest where, if tipping points are transgressed
(causing Amazon forest dieback), the adverse human rights impacts
on Indigenous and forest-dependent people will be severe, and may
include the destruction of their culture and way of life. Such impacts
will also have adverse human rights impacts on the millions of non-
Indigenous people also living in the Amazon region, and these impacts
will reverberate far beyond the Amazon itself. State repression

and non-state threats and attacks on Indigenous human rights and
environmental defenders in the Amazon region further undermine
progress on prevention of ESTPs. In this respect, state and non-state
repression of environmental and climate defenders constitutes an
indirect non-climate driver of Amazon forest dieback (Box 1.2.3).

Deforestation and degradation in the Amazon region are exacerbated
by illegal forestry, legal and illegal mining, oil development, and the
marginalisation of Indigenous and rural populations (Siqueira-Gay

& Sanchez, 2021; UNGA Report, Forst, 2017). Avoiding deforestation
and increasing reforestation are critical o avoiding ESTPs (see Box
1.2.3); and yet, in some cases, the pursuit of these very goals has been
linked o human rights abuses (UN OHCHR Report, Tzay, 2023; see
1.4.3, above). At scale, the aggregate effects of conflicts over land
use management throughout the multi-state Amazon region have the
potential o hold back ESTPs prevention efforts (Amazon Cooperation
Treaty Organization, 2023). The achievement of net-zero forest

loss on what remains of the Amazon and the restoration of 5 per

cent of the biome (see Box 1.2.3) is unlikely to occur if the human
rights of environmental defenders and Indigenous people are not
respected and protected by state and non-state actors. To protect
environmental defenders in the multi-state Amazon watershed,
“coordinated cross-scale approaches” (see Box 1.2.3) are needed.

To this end, legal advocates in the region are in a position to use
ESTPs science while leveraging human rights obligations that have
been acknowledged by the ICJ (ICJ, 2025) and the regional IACtHR,
including the right to a healthy environment (IACtHR, paras 269-286)
and indigenous environmental rights (Case of the Kichwa Indigenous
People of Sarayaku v. Ecuador, 2012).

N
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1.4.6 Taking action: Examples from the
United Nations treaty bodies and the
financial sector

United Nations treaty bodies

Now is the time for human rights advocates and policymakers working
at the UN-level, including members of the UN treaty bodies, to shift
from the predominantly linear paradigm of climate change to the
nonlinear and dynamic paradigm of ESTPs. This shift can be made

by creating UN-level and intergovernmental learning networks and
platforms for collaborating with ESTPs physical and social scientists.

Drawing on this report and the 2023 Global Tipping Points Report,
UN treaty bodies, and those who support their work, are in a position
to frame their deliberations and statements on human rights and
climate change within the ESTPs paradigm; and, in doing so, they are
positioned to emphasise the severity, scale and urgency of climate-
related threats to human rights. For instance, the Human Rights
Committee’s 2018 General Comment on Art. 6 of the International
Covenant on Civil and Political Rights (ICCPR) can be updated to
explicitly state the severe threat posed by ESTPs. The 2019 General
Comment notes that, “[t]he obligation of states parties to respect and
ensure the right to life extends to reasonably foreseeable threats and
life-threatening situations that can result in loss of life” (United Nations
Human Rights Committee, 2019, para. 7). In a similar vein, the UN
Human Rights Committee is in a position to update its 2018 statement
that climate change is one “of the most pressing and serious threats
to the ability of present and future generations to enjoy the right to
life” - appropriate updates will reflect the severity of harm, scale, and
urgency associated with transgressing ESTPs. Other UN treaty bodies,
such as the Committee on the Elimination of Discrimination against
Women (CEDAW) are also in a position to shift to the ESTPs paradigm
in their periodic reports, as these bodies have already found that
states have an obligation under international human rights norms to
mitigate climate change (see: Mayer, 2022; United Nations OHCHR,
2018, para 2; United Nations, OHCHR, 2023, para 3).

Integrating human rights risk from ESTPs into due diligence
in the financial sector

Over the past decade, concerns about human rights risks to people
and their relationship to business risk have gradually migrated into
corporate governance and finance norms (Rogge, 2022; Litwin &
Savourey, 2025). The global finance sector and its regulators play
an important role in implementing the human rights framework for
ESTPs governance. Financial firms, banks, and the businesses that
they invest in should integrate ESTPs human rights risk analysis info
all aspects of risk mapping (see Chapter 1.2.3.2). Such mapping
should also consider the human rights risks of implementing carbon
credits and mitigation technologies in response to ESTPs, including
geoengineering (United Nations OHCHR Report, Morgera, 2024)
(on geoengineering, see Chapter 1.2). At a minimum, financial sector
and corporate ESTPs human rights risk analysis should align with the
authoritative standards for human rights due diligence set out in the
UNGPs (UNGPs, 2011) and the OECD Guidelines for Multinational
Enterprises (OECD Guidelines, 2023).

Adequate financing is needed to help prevent the severe human rights
impacts of tfransgressing tipping points. In line with the state and non-
state human rights obligations considered above, intergovernmental
and multilateral institutions (e.g. multilateral financial institutions,
development banks) have an obligation o take action to prevent and
mitigate ESTPs risks. At the same time, loans, insurance mechanisms,
and other financial instruments extended to vulnerable countries

for mitigation and adaptation in response to ESTPs risks should not
worsen those countries’ ability to develop and maintain appropriate
social infrastructure. In other words, financial mechanisms that
support ESTPs prevention and mitigation must also support human
rights, thriving communities, and healthy environments for all people.
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ESTPs human rights risk analysis should be incorporated into the
performance standards and grievance mechanisms of major financial
institutions (e.g. IFC performance standards and Compliance Advisor
Ombudsman process.

1.4.7 Leveraging the rights of nature for
preventing and mitigating ESTPs

ESTPs pose a threat not only to human beings, but to nature itself.

In the first Tipping Points Report 2023, it was recognised that

there is “a need to consider not just humans but the rights of all
species to exist on a healthy planet” (Section 4.6.1). The IACtHR'’s

2025 Advisory Opinion acknowledges the “increasing recognition

of ... the rights of Nature at the global level” (IACtHR, para 285).

In lengthy groundbreaking decisions, Ecuadorian courts, including the
Constitutional Court, have detailed clearly how human rights, the right
to a healthy environment, and the rights of nature are interdependent
and mutually reinforcing concepts (Los Cedros case, 2021; Llurimagua
case, 2023). Incremental advances towards granting nature legal
personhood and rights have occurred in many other jurisdictions (see
Global Network on the Rights of Nature database). The emerging
rights of nature jurisprudence has potential to inform policymaking in
regards to ESTPs (for an example pertaining fo coral reef ecosystems,
see Earth Law Center, 2025). While global momentum builds around
the rights of nature, states and non-state actors should not be

guided solely by human rights norms; rather, they should also drive
transformations that respect and enhance the rights of nature - not
for instrumental human benefit, but for the intrinsic value of nature

in and of itself (Avila Santamaria, 2024; Rodriguez-Garavito, 2024).
Human rights and the rights of nature are interdependent and
mutually reinforcing: the rights of nature and “interspecies justice”
can only be redlised if states uphold their duty to protect, respect, and
fulfil human rights; and only if non-state actors, including businesses,
respect human rights.

1.4.8 Conclusion: Towards an ESTPs-
driven human rights and climate law

No human rights can be, or will be, fulfilled in a significantly
compromised biosphere. The impacts of climate change are already
throwing people into extreme distress, poverty, and ruin. If ESTPs

are transgressed, conditions will worsen dramatically for already
vulnerable communities and additional vulnerabilities will emerge.
The best way to protect the threats to human rights of ESTPs is to
prevent them from occurring in the first place. State and non-state
intervention should prioritise delaying or permanently avoiding

ESTPs and slowing the rate of their impacts (see Chapter 1.2). When
prevention fails, just impact governance is needed to reduce exposure
and vulnerability to ESTPs impacts (see Chapter 1.3). Drawing on the
information contained in this report and the 2023 Global Tipping
Points Report, advocates and jurists are in a position to drive an
ESTPs-informed paradigm shift in human rights and climate law - this
shift has the potential to accelerate ESTPs prevention and mitigation
efforts by states and non-state actors. It must be acknowledged

that there remain difficult legal doctrinal hurdles to overcome in the
evolution of human rights and climate law (Ahmad, 2024) and in

the development of ESTPs-informed jurisprudence. Nonetheless,
significant progress has been made over the last decade (Leghari v.
Federation of Pakistan, 2015; State of the Netherlands v. Urgenda
Foundation, 2019; Neubauer, 2021; ITLOS, 2024; KlimaSeniorinnen,
2024;1CJ, 2025; IACtHR, 2025) and promising legal advocacy efforts
continue apace around the world (Rodriguéz-Garavito, 2022; Aristova
& Nichols, 2024, Tigre et al., 2025).

N
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Earth system tipping points (ESTPs) have relevance for many
governance actors across varying scales and they affect everyone

- individuals, institutions, organisations and communities.

This is because of the diversity of ESTP drivers and impacts,

their geographical spread, and the potential for cascading effects.
Moreover, the nature and scale of ESTPs are likely to overwhelm the
capacity of any single governance actor.

Urgent action is needed fo prevent crossing tipping points

(see Chapter 1.2) and to prepare for their impacts (see Chapter 1.3).
Multiple actors need to engage and take advantage of strategies
that are available to them. For example, existing state institutions
across scales, especially at the international level, need to adopt
responsibilities for ESTP governance and define a corresponding
agenda. This chapter maps the actor landscape and action options.
Focusing on the current, early state of governance efforts related fo
ESTPs, the chapter explores the most immediate engagement needs
in the short and medium term - learning and awareness raising,
mobilising, agenda-setting, developing and initiating governance
reforms and innovations, and coordinating across multiple
stakeholders. It then discusses critical challenges key actors face.

1.5.1 ESTP governance functions

Governing ESTPs requires mobilising a diverse set of actors - this is
because each performs particular functions related to the specific
characteristics of ESTPs that cannot be easily substituted by others.
Two features of the governance problem make this especially clear.

1 Global systemic interdependence. Tipping points such as AMOC
collapse or Amazon dieback are planetary in scale, yet regionally
and locally varied in their triggers and consequences. They cannot
be governed piecemeal or by any single state. International
organisations and intergovernmental forums therefore play a
necessary role in providing planetary reach, convening actors and
legitimising the issue. In the absence of dedicated treaties, early
agenda-setting at the UN and similar bodies is essential to anchor
ESTPs as a collective governance challenge. At the same time,
ESTPs require governance across multiple scales, including the
distinct regional (multi-country) scale of specific tipping systems.
Taken together, these features underline the need for a multi-
scale, multi-stakeholder, networked and participatory approach
to governance.

2 High uncertainty and scientific complexity. ESTPs involve
nonlinear dynamics, cascading effects, and thresholds that are
difficult to identify with precision. In the absence of established
norms or institutional frameworks, policymakers depend heavily
on scientific communities and knowledge brokers to understand
the biophysical processes of ESTPs, communicate risks, and
establish credible and compelling reasons for why acting on
tipping points matters. The role of the ESTP science community
is not only to communicate uncertainty but also to support rapid
learning and enable decision-makers to act on what is known.
Scientific uncertainty is often used to justify inaction, yet, from a
precautionary and anticipatory perspective, it is instead a strong
reason o take measures that minimise threats to human wellbeing
(see Report Introduction and Chaper 1.1).

Different actors assume varying degrees of importance throughout
different phases of the governance process. Drawing on the
established policy cycle framework (Howlett, 2009; Jann and
Wegrich, 2007; Howlett et al., 2017), but operating within a larger,
multi-scale system characterised by multiple institutional layers and
cross-scale interactions, four main phases can be distinguished in
ESTP governance:
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3 Agenda-setting: This phase involves defining the problem,
identifying governance objectives and scope, establishing
foundational principles, facilitating learning processes,
conducting risk assessment, and enabling interest formation
among relevant stakeholders. Key activities include framing
tipping point risks, building scientific consensus, demonstrating
political salience for action and mobilisation, and adopting
institutional mandates for the problem.

4 Policy formulation: This phase encompasses developing
and designing ESTP governance responses, including norm
entrepreneurship, reforms of existing policies and institutional
mechanisms, selection of new policy instruments, and devising
novel policies, initiatives, offices or organisations. It involves
evaluating and contesting competing proposals through
deliberative processes across multiple governance venues.

5 Implementation: This phase involves making concrete decisions
about which measures to pursue, applying rules and ensuring
enforcement, allocating resources, and coordinating action across
different scales and sectors. This phase is particularly challenging
for tipping points due to their cross-boundary nature and long-
term horizons.

6 Monitoring and adaptation: This phase encompasses tracking
the effectiveness of governance measures, assessing advancing
scientific understanding of tipping point dynamics, evaluating
institutional performance, and adapting governance approaches
based on new evidence and changing conditions. It includes
feedback mechanisms that inform subsequent policy cycles.

These phases represent comple, iterative and often overlapping
processes that may proceed at different speeds across issue domains,
sub-topics and governance venues. For instance, we might observe
rapid responses to ongoing and observable phenomena, such as coral
reef decline, through international initiatives and local management
measures. Yet, there might be hesitancy and slower institutional
reaction to less visible and more uncertain threats such as AMOC
tipping. This is in part due to the absence of clearly designated
responsible actors, as well as the longer-term, seemingly less tangible
nature of the risks involved.

The four main phases of the governance process outlined above are
conceptually independent of the three-phase governance framework
we intfroduced in Chapter 1.1, Figure 1.1.1 (pre-tipping, reorganisation,
stabilisation). Based on the assessment in this report (see Sections 2
and 3), the initial agenda-setting phase co-occurs with the pre-tipping
phase for most tipping systems.

At the current phase of agenda-setting for a new governance
problem, particular actor functions are needed: knowledge actors

to clarify risks and enable learning, international organisations

to establish legitimacy, governments to translate global concerns

into political traction, and civil society and media to raise salience.
Other actors—such as financial institutions, funders and transnational
networks—will become increasingly central as governance moves into
policy design and later implementation. Below we scope the larger
landscape of relevant ESTP governance actors, with a particular focus
on their roles in the current agenda-setting phase of governance and
the following policy formulation phase.

N
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1.5.2 The ESTP actor landscape

Table 1.51 maps the range of actors relevant to ESTPs, outlining their agency and the strategies they can employ across the agenda-setting
and policy formulation phases of the ESTP governance process. It also identifies challenges when engaging with ESTPs. Table 1.5.1is indicative,
not exhaustive, of the range of governance tasks and functions needed, but what is clear is that actors in all categories have reasons to engage

with ESTPs, as well as distinct capabilities to do so.

Table 1.5.1: ESTP actors, agency and challenges

Actor category Distinctive value for ESTPs

Phase 1(Agenda-setting): Key
activities

Phase 2 (Policy formulation):
Key activities

Challenges and constraints

Provide authoritative
knowledge on thresholds

and cascades; develop

early warning indicators;
translate complex Earth
system science into actionable
concepts.

1 Science and knowledge
actors (e.g. IPCC, IPBES,
Future Earth, Earth System
Governance Project)

+ Define and communicate
tipping elements and risks.

+ Build consensus on ESTPs as
relevant to governance.

+ Engage in high-level
science-policy dialogues
(e.g. IPCC).

+ Deliver risk typologies,
decision triggers, menus
of no-regret options and
adaptive pathways.

+ Develop scenarios and early
warning signals.

+ Support scenario exercises
and risk assessments.

Gaps and inefficiencies at

the science-policy interface;
resource limitations; effectively
communicating high
uncertainty.

2 International and regional
organisations & treaty
bodies (e.g. UNFCCC,
CBD, UNEP, WMO, UNGA,
OECD, ACTO, Arctic
Council)

Provide global legitimacy;
convene states; mandate work
programmes; embed ESTPs
into existing international
regimes, processes and
policies.

+ Put ESTPs on the agenda.

+ Commission reports.

+ Organise agenda-setting
dialogues and special
sessions.

+ Adopt tipping specific
mandates.

+ Coordinate varying
stakeholders.

+ Establish work programmes,
shared glossaries and
task forces (e.g. on the
cryosphere, forests, AMOC).

+ Develop reporting templates
and coordination platforms.

Siloed mandates; path
dependencies in unwieldy
processes with low ambition
expectations; lack of
enforcement power;
geopolitical tensions; resource
constraints.

3 National governments
(custodians and emitters,
e.g. Brazil, Arctic States)

Exercise regulatory control
over land, ecosystems and
emissions; set foreign policy;
signal political salience; control
access to critical data.

+ Participate in high-level
discussions.

+ Identify national interests.

+ Support science and
data collection.

+ Enable data access with
digital public infrastructure.

+ Develop national tipping risk
assessments.

* Revise climate mitigation
and adaptation policies.

+ Make contingency plans (e.g.
on coral reef loss, AMOC
tipping).

+ Lead club-style
initiatives (e.g. carbon
removal scaling).

Competing priorities; short-
term electoral cycles; political
economies tied to fossil fuels;
uneven state capacity.

Act as laboratories for

rapid innovation; manage
implementation levers in land
use, infrastructure and climate
adaptation.

4 Subnational and city
governments (e.g. C40,
ICLEI, governor alliances)

+ Pilot awareness campaigns.

Join transnational city/
province networks.

+ Test early warning protocols.

Experiment with zoning
rules and local monitoring
schemes.

Limited fiscal and legal
authority; multiple levels of
bureaucracy can slow or
hinder action.

5 Courtsand legal actors Agenda amplification; rule
clarification; signalling legal
risk fo states and private
sectors; accountability

and enforcement;

precautionary leverage.

Climate litigation can force
recognition of ESTPs as
part of broader climate/
biodiversity cases.

+ Can establish mandates that
help to accelerate action.

Judgments and legal
opinions shape how tipping
points are framed in policy
design; ensure new policies
are legally defensible.

Typically reactive; largely
constrained by the cases
and questions brought
before them.

Translate science into
demands; mobilise public
opinion; act as watchdogs
against policy capture; build
justice frames linking ESTPs to
equity and livelihoods.

6 Civil society organisations
(NGOs, advocacy groups,
social movements)

+ Campaign for recognition of
tipping points as urgent risks.

+ Link ESTPs to broader
climate justice debates.

+ Stress-test draft policies for
legitimacy and equity.

Propose accountability
scorecards.

Build codlitions across
issue areas (e.g. climate,
biodiversity, human rights).

Resource and financial
limitations and dependencies;
limited access to formal
decision-making processes;
vulnerable to restriction by
governments.

Can be stewards of
ecosystems at risk (e.g.
Amazon, Arctic, boreal);
embody rights and legitimacy;
hold place-based knowledge;
vital for long-term monitoring.

7 Indigenous Peoples and
local communities

+ Raise visibility of rights and
stewardship roles.

+ Testify on local observations
of change.

+ Join advocacy coalitions.

+ Co-design safeguards,
FPIC mechanisms, benefit-
sharing, and community
monitoring systems written
into policy drafts.

Historical marginalisation
and lack of secure land rights;
unequal power in governance
forums; barriers to accessing
high-quality information;
limited resources to engage in
transnational arenas.
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Table 1.5.1: ESTP actors, agency and challenges

Actor category Distinctive value for ESTPs Phase 1(Agenda-setting): Key Phase 2 (Policy formulation):

activities Key activities

Challenges and constraints

8 Media (including
social media)

Amplify salience beyond expert

circles; connect abstract risks
to lived experience; frame
issues in ways accessible to
broad publics; watchdog
narratives.

+ Report on emerging science

and campaigns.

+ Cover potential

tipping events.

+ Spotlight political inaction or

leadership.

+ Translate draft policies info

accessible narratives.

+ Watchdog

implementation claims.

+ Counter misinformation/

disinformation.

Difficulty in translating complex
science; loss of independence
(private owners’ editorial
influence); misinformation,
bias and politicisation;

short news cycles; polarised
media landscape.

9 Financial system (e.g.

central banks, investors,

national and MDBs)

Re-price systemic risks linked
to ESTPs; shift capital rapidly
away from tipping-hazard
sectors; drive alignment of
economic incentives.

+ Conduct risk assessments.

+ Acknowledge tipping risks in

financial discourse.

+ Join coalitions (e.g. Network

for Greening the Financial
System).

+ Develop prudential guidance,

including tipping risk
scenarios for supervision.

+ Apply exclusion lists.
+ Embed conditionality in MDB

loans.

+ Design disclosure norms tied

to tipping elements.

+ Divest from risk-

increasing industries.

Short-term profit imperatives
and myopic inferpretation

of fiduciary duties; inertia;
dependence on conventional
risk models.

10 Private sector / real
economy firms

Control and influence
resource use, emissions,
and innovation; implement

+ Build expertise.

+ Conduct tipping risk

assessments, including supply

+ Adjust disclosure protocols to

include tipping risks.

+ Draft sectoral protocols

Short-term profit motive and
competitive pressures; business
model drives tipping risks; ESG
backlash.

supply chain controls at scale;
operationalise verification.

chain risks.

(e.g. deforestation-free
verification), supplier audits,
and data-sharing standards
interoperable with public
early warning systems.

Legend: Turquoise font indicates critical actors in this governance phase.

1.5.3 Taking action on tipping points

Here the focus is on the opportunities and abilities of actors to
advance ESTP governance during the two most proximate phases of
governance: agenda-setting and policy formulation.

Actors and strategies for agenda-setting

In the early phase of governance, the central challenge is to ensure
that ESTPs are recognised as urgent, legitimate and politically
tractable. This requires active engagement by a set of actors whose
particular roles combine to generate scientific credibility, cultivate
public salience, mobilise political will and catalyse action.

Science and knowledge actors provide the foundation. Scientists and
science-policy engagement across multiple scales are indispensable
for informing various actors, fostering learning about the problem
and communicating why tipping processes matter. Knowledge
brokers (Meyer, 2010; Boari and Riboldazz, 2014; Reinecke, 2015)
and boundary organisations (Guston, 2007; Miller, 2001) play a vital
bridging role, translating complex research into accessible insights,
creating channels for information flows, and supporting meaning-
making across disciplines and policy arenas. These actors together
enable decision-makers to act under uncertainty and adapt as
understanding evolves.

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025

A recent rare example of science-policy engagement on tipping
points is an open letter on AMOC that was submitted by a group of
43 climate scientists to the Nordic Council of Ministers in October
2024. The letter drew attention to “the serious risk of a major ocean
circulation change in the Atlantic” (2024, p.1), with a request that the
Nordic Council “initiate an assessment of this significant risk to the
Nordic countries” and “take steps to minimise this risk as much as
possible” (2024, p.2). While the effects of the letter are still unfolding
(e.g. the Council is funding a workshop on AMOC impacts on the
Nordic countries), Box 1.5.1illuminates some of the challenges of such
science-policy engagement.
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Box 1.5.1: Research Insight: State of Governance
The AMOC scientific assessment dilemma in Denmark:
Institutional legitimacy versus emerging science

National climate policymaking can face a critical dilemma

when emerging scientific evidence differs from assessments

from established institutions. This challenge became evident

in Denmark’s parliamentary response to a letter from 43

scientists warning of sudden AMOC collapse. The letter warns

of sudden AMOC collapse risks and emphasises urgency, while

the IPCC’s latest assessment projects slow AMOC decline with
limited likelihood (less than 10%) this century. These contrasting
scenarios carry vastly different implications for Danish society and
government responsibilities.

Climate policy relies on distinct scientific institutions with
established legitimacy to inform decision-making. The IPCC
provides authoritative assessments for international and national
policy, while dedicated national bodies—such as Denmark’s
Meteorological Institute (DMI), legally designated as the country’s
climate science advisor—offer specialised national guidance.

Danish parliamentarians acknowledged the inherent slowness of
IPCC processes compared to the fast-moving research on tipping
points, expressing desire to base decisions on the best available
science. However, they faced a legitimacy problem. Denmark’s
legal framework designates DMI, alongside IPCC assessments,
as the only legitimate source of climate risk information for
policymaking. The 43 signatories of the letter were operating
outside established IPCC and national assessment processes.
Accepting alternative scientific sources risks undermining the
authority of legally designated institutions and potentially
politicising science by allowing governments to selectively choose
preferred scientific voices.

The government’s solution—requesting the IPCC to provide an
updated AMOC assessment in its next report—highlights a core
challenge: maintaining institutional scientific legitimacy while
potentially waiting until 2028 for crucial risk information that
emerging science suggests may be urgently needed for national
policy decisions.

International organisations and intergovernmental forums engage
with ESTPs at the planetary scale because global recognition and
coordination are required. By introducing ESTPs into agendas at the
UNFCCC, CBD, UNGA and related bodies, international organisations
supply legitimacy and anchor the issue as a collective challenge
rather than a scientific debate. In this early phase, organisations

such as the UNFCCC need to consider how ESTPs relate to their
existing mandates, fit intfo agendas and work programmes, and

how institutions and processes might need to be adjusted to account
for tipping dynamics. For example, parties to the Paris Agreement
need to revisit the global goal on adaptation (Art. 7) and the Global
Stocktake process (Art. 14) to consider how to revise global adaptation
governance to address the expected impacts of ESTPs (see Chapter
1.3). CBD negotiations need to consider the potential of tipping
dynamics to create abrupt, large-scale losses of biodiversity (e.g.
coral reefs, in the Amazon rainforest), and the corresponding need to
revise targets and indicators to capture tipping dynamics.

National governments of major emitters and custodians of key
tipping elements are critical engines of political will. Countries such as
Brazil (Amazon), Arctic states (ice sheets and permafrost) and large
emitters can make or break early momentum. Their buy-in signals
that ESTPs are both globally significant and politically tractable.
These governments also control much of the relevant data, land use
policy and investment decisions, making their engagement central to
shaping future governance options.

R N
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Civil society organisations, advocacy NGOs and media act as
catalysts by communicating urgency, generating legitimacy and
opening pathways for bottom-up collective action. In this phase,
when no formal governance arrangements yet exist, their ability to
raise awareness, link ESTPs to lived experience and justice concerns,
and mobilise pressure on governments is crucial. Civil society
organisations and individuals are already mobilising around ESTPs -
these efforts can be strengthened and widened (see Box 1.5.2 below
for an example). It is especially important that those who will be most
affected by tipping, including Indigenous Peoples, are heard and their
expertise valued, and that those likely to live in a tipped world, namely
youth and future generations, are made aware and empowered to
act, including via social media.

Box 1.5.2: Research Insight: State of Governance
Civil society actors raising awareness of tipping risks:
Operaatio Arktis in Finland

Civil society organisations can play a significant role in raising
awareness about tipping risks, as illustrated by the case of
Operaatio Arktis, a youth organisation in Finland. Founded in
2022 by former Extinction Rebellion activists, Operaatio Arktis
focuses on nonlinear and extreme climate risks. The organisation
currently employs 12 people and is primarily funded by Finnish and
international private foundations, including the Kone Foundation,
Maj and Tor Nessling Foundation, LAD Climate Fund and The
Navigation Fund.

Operaatio Arktis aims “to preserve the polar ice caps and prevent
global tipping points”. It pursues this mission by raising public
awareness, advocating for political leadership to integrate tipping
risk management into national strategies, and promoting research
aimed at predicting, preventing and preparing for tipping
impacts. Its main activities include participating in public debates,
media appearances and organising events. The organisation

has successfully engaged a broad range of stakeholders,

including scientists, Sémi indigenous organisations, politicians and
government officials.

Tipping risks are a relatively new focus for the organisation.
Previously, it concentrated on advocating for increased research
on climate interventions, including Solar Radiation Management
(SRM), which, in their words, together with emission reductions
and carbon sequestration, “may have the potential to secure a
stable society and a thriving habitat for younger generations”.

It appears that what prompted the organisation to work on
tipping risks is perceived proximity to their earlier focus on
climate interventions.

Tipping points champions - opinion leaders or institutional
representatives designated to lead on tipping points within their
respective domains - can help to raise the profile of tipping.

For example, an international tipping points champion can build
momentum and catalyse actions in the global policy space. The UN
Secretary-General is already drawing attention to tipping risks,
and enjoys a unique platform to further inspire action and to
integrate tipping info the global conversation. At the national level,
policymakers can act as tipping points champions. For example, in
the UK House of Lords, several Peers have taken a lead on guestioning
the UK government about the existential risks posed by AMOC
collapse and whether this is being factored into economic planning.
Tipping points champions can also exist within non-governmental
organisations and collectives, and can vary from scientists and
educators, fo business leaders and celebrities. The example of pop
band, A-haq, collaborating with environmental activists to propel
uptake of electric vehicles in Norway (by both consumers and the
government) shows that this can be a successful strategy.
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In short, critical at this early agenda-setting phase of ESTP
governance are those actors who:

* establish credible, validated and engaging scientific framings,
and franslate them to wider audiences (knowledge actors, science-
policy processes);

* provide platforms for global recognition (intergovernmental
organisations, including those at regional scales with specific
capacities related to distinct tipping elements);

* create political tfraction (national governments of key regions,
civil society mobilisers); and

* build momentum with effective reporting and narratives
(media, champions).

Other actors are also important, yet their influence is likely to grow
as the issue matures from agenda-setting o policy formulation and
implementation. For now, the ‘first movers’ need to anchor tipping
points in political imagination and institutional debates.

Actors and strategies for policy formulation

As ESTP governance moves from agenda-setting into the policy
formulation phase, the focus shifts from recognition to design - from
generating awareness and political traction to shaping concrete
governance options. In this phase, the key task is to translate broad
concern into workable governance architectures, incentive structures
and safeguards. In this policy formulation and institutional design
phase, various action proposals to address ESTP risks are debated,
developed and evaluated. These proposals can include reforms of
existing policies and institutions, new principles and approaches
(e.g. systemic risk governance or anticipatory governance, Earth
system logic), and novel policy instruments and institutions.

These activities require a somewhat different constellation of actors
than in the agenda-setting phase. While science, international
organisations and national governments remain central, new actors
such as Indigenous Peoples and local communities take on a more
prominent role. Together, they help translate recognition of tipping
risks into workable policy pathways.

Science and knowledge actors remain central, but their role evolves.
Rather than primarily raising awareness, scientists, knowledge actors
and experts now support the co-design of policy options, providing
decision-relevant insights and scenario analyses to test feasibility
under uncertainty.

International organisations and intergovernmental forums continue
to provide legitimacy and spaces to convene, while also now serving
as incubators of emerging norms and instruments. Through forums
such as the UNFCCC, CBD or the G20, they can frame principles for
tipping point governance, disseminate good practice, coordinate
cross-border approaches and establish platforms for negotiation.

National governments become more directly engaged in shaping
options, especially major emitters and custodians of fipping elements.
Their domestic policies—on land use, emissions, infrastructure or
indigenous rights—will define what is politically feasible and form
templates for international governance arrangements.

While targeted ESTP actions are required at the national and
international levels, it is also necessary to consider governance that
is scaled to individual tipping elements (Milkoreit et al., 2024, p.11).
While governance capacities at this scale are currently weak, in some
cases regional institutions with suitable mandates exist, including the
Amazon Cooperation Treaty Organisation (ACTO), the Arctic Council
(including the Arctic Monitoring and Assessment Program) and the
Nordic Council of Ministers.
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Indigenous Peoples and local communities are essential to the
design phase, both for their situated knowledge of ecosystems
and for ensuring that governance strategies recognise and
respect rights, secure safeguards and build legitimacy. Including
Indigenous Peoples and local communities as partners in co-design
helps avoid technocratic solutions that overlook lived realities and
justice concerns.

Subnational governments (e.qg. cities, regions, provinces) play a
growing role as testbeds for innovation. They can pioneer pilot
policies, experiment with regulatory and planning instruments,
network and demonstrate models that may later be scaled
nationally or internationally.

Economic actors, particularly industry associations and sector
bodies, play an important role in shaping policy design. They often
bring resources, agility, and deep knowledge of supply chains and
on-the-ground realities. By recognising the risks of tipping points to
their operations, major players can mobilise their established lobbying
power to shape policy responses.

Financial actors and sectoral standard-setters become particularly
important in this phase. Multilateral development banks, institutional
investors, commodity certification bodies and corporate standard-
setters can create the incentives and disclosure frameworks that
translate tipping point risks intfo concrete practices. Embedding
tipping risks into financial norms and sectoral rules can make
emerging governance structures economically credible.

Box 1.5.3: Transnational initiatives and policy development

Transnational initiatives complement intergovernmental processes
by creating norms, standards and collaborative practices that
influence both public and private decision-making. CDP (formerly
the Carbon Disclosure Project) illustrates this potential. By
mobilising investors, companies, cities and regions o disclose
climate-related risks and impacts, CDP has built one of the world’s
largest environmental reporting systems. Its frameworks help
translate complex climate science into metrics that guide policy
and investment decisions, thereby lowering uncertainty and
increasing accountability.

Alongside such cross-sectoral initiatives, tipping specific
transnational initiatives are already emerging. The International
Coral Reef Initiative (ICRI), for example, unites governments,
NGOs and scientific organisations to safeguard coral reefs—one
of the ecosystems most at risk of crossing tipping thresholds.

ICRI coordinates monitoring and data-sharing systems, promotes
early warning indicators of reef decline, and works to embed

reef resilience into national and international policy frameworks.
These activities illustrate how transnational initiatives can not only
amplify global attention but also generate practical governance
tools targeted at specific tipping elements.

Taken together, initiatives like CDP and ICRI show how
transnational networks can help operationalise knowledge, align
economic and political actors, and create early building blocks for
governance where formal rules are not yet in place.
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Judicial actors can play an authoritative role in interpreting existing
laws in the light of ESTPs. Courts have shown their willingness to
interpret laws in the light of climate change, even when provisions are
not explicitly related to this issue. For example, the European Court
of Human Rights (ECtHR) has confirmed that climate change impacts
can result in violations of the European Convention on Human Rights
(Verein KlimaSeniorinnen Schweiz and Others v. Switzerland (2024)
Application No. 53600/20). While courts are generally limited to the
cases that are brought before them, there is scope for them to be
proactive in integrating ESTPs into law. For example, when asked

to provide an Advisory Opinion on State obligations in response to
the climate emergency, the Inter-American Court of Human Rights
(IACtHR) explicitly mentioned tipping points in respect to the severity
of climate change impacts (see Chapter 1.4 on Human Rights for
further discussion). Individuals and collectives can expedite this
process by bringing explicit tipping specific litigation before the courts
(see Chapter 3.2).

MONITORING
S ADAPTATION

AGENDA
SETTING

IMPLEMENTATION POLICY

Figure 1.5.1: Key actors across phases of the ESTP governance process

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025

FORMULATION

Ind
Peoples

With increased activity on ESTPs comes a need for greater
coordination. The plurality of tipping point actors and activities,
across varying actor types and scales, requires coordination

that respects and enhances this plurality, rather than dilutes or
undermines it. Yet, effective coordination in a polycentric landscape is
a challenging task. Multiple centres of decision-making can relate to
each other in both competitive and cooperative ways (McGinnis and
Ostrom, 2012).

Polycentricity can lead to fragmentation of governance, with both
positive and negative impacts on its quality (Biermann et al., 2009),
and a lack of coordination can lead to various inefficiencies, including
competition for attention and resources among different actors.
Cooperative strategies are therefore needed to coordinate various
actors while respecting the agency that each has and the multiple
perspectives they bring.

Taken together, these actors form the ‘policy formulation coalition’,
tasked with moving ESTPs from abstract concern to implementable
governance options, aligning incentives and embedding safeguards
that can be adapted over time.

Science - Science & Knowledge Actors

IGOs - Intergovernmental Organisations

Key States - Key National Governments

NGOs - Civil Society & NGOs

Ind. Peoples - Indigenous Peoples

Media - Media

Champions - Tipping Point Governance Champions

Local - Local Communities
Subnat. Gvmt - Sub-national Governments

Econ & Fin - Economic & Financial Actors
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1.5.4 Challenges in agenda-setting for
tipping points

Setting the governance agenda for ESTPs faces a double bind:

the science is both indispensable and challenging to communicate.
Researchers and knowledge brokers must communicate deep
uncertainty—such as nonlinear dynamics, thresholds and cascading
risks—without losing urgency or credibility. If the risks are conveyed as
too abstract, they can be dismissed as alarmist; if they are simplified
too far, their gravity and systemic nature may be lost. Science-policy
interfaces are only beginning to bridge this gap, and decision-makers
remain hesitant to act on emerging evidence.

International organisations and national governments add another
layer of challenge. Multilateral forums are already saturated with
competing climate and development priorities, and geopolitical
tensions strain collective action. At the same time, key national
governments often weigh short-term economic and political pressures
against longer-term systemic risks, slowing their willingness to put
tipping points firmly on the agenda. The result is a governance
vacuum, where ESTPs are recognised as urgent but not yet

‘owned’ politically.

Civil society and media can help fill this gap by raising salience,
connecting tipping risks fo justice concerns, and pressing governments
to take notice. Yet here too there are obstacles: mobilising around
uncertain or distant risks is inherently difficult, and public attention

is fragmented by what are perceived as more immediate crises.
Ensuring that those most affected—Indigenous Peoples, local
communities and youth—are heard and valued is particularly
important, however, their voices are not yet mainstreamed into

global conversations.

These actor-specific hurdles are amplified by the current global
political moment. Energy security concerns, economic instability

and geopolitical rivalries constrain the bandwidth for new issues,
while multilateral negotiations are already struggling to deliver on
existing climate commitments. In this context, building momentum

for ESTPs requires an ‘agenda-setting coalition’ that can overcome
fragmentation, translate science into meaning and connect planetary
risks to near-term decisions.

Cultivating frust among actors is also a challenge. There is existing
mistrust in climate change governance, with trust strained by
polarisation and shifts fowards authoritarian leadership. Yet, trust

is critically important for the success of collective climate efforts
(Figueres, 2020) and for “shaping the network of policy agreement
in a nascent subsystem” (Ingold et al., 2017, p.458). Building frust in
ESTP governance requires distinct formats for trust-building, informal
spaces for dialogue and, more broadly, the institutionalisation of
social interaction (Schroeder et al., 2025). Trust can be built by
shifting to collaborative forms of governance (Ansell and Gash, 2008,
p.559). These are well-suited to ESTPs as they bring diverse actors
together in collective forums with broad participation; collaboration
“spurs a constructive use of scientific knowledge in processes of
mutual learning and creative problem-solving” (Ansell et al., 2017,
p.476). To stimulate collaboration, all actors need to believe their
participation will have influence and produce results (Ansell et al.,
2017, p.481). Given existing inequalities, effectively enabling all ESTP
actors to collaborate will require a more equitable distribution of
resources, as well as resource mobilisation and the strengthening of
actors’ capabilities. However, this brings an additional benefit for
dealing with ESTPs: when affected actors are empowered and have
agency and enhanced capabilities, they are better able to respond
to environmental challenges and to cope with systemic risks and
cascading impacts.
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1.5.5 Final remarks

The governance of ESTPs is sfill in its infancy, and the world is only
beginning to grapple with the magnitude of the challenge. ESTPs have
relevance for many different actors across varying scales - all these
actors have reasons to act on ESTPs and strategies available to them.
The nature and scale of ESTPs is likely o overwhelm the capacity of
any single actor, meaning co-operation is essential, and effective
coordination is needed to ensure coherence, to harness synergies,

and fo realise ESTP action that is greater than the sum of its parts.

In the agenda-setting phase, the central fasks are to raise awareness,
build legitimacy and generate political traction. This requires a
coalition of scientists and knowledge brokers to translate complexity
into actionable insights, international organisations to provide
platforms and legitimacy, national governments to signal political

will, and civil society and media to mobilise urgency and justice
concerns. Together, these actors form an agenda-setting coalition
that determines whether tipping points gain sustained visibility in
global policy.

As attention shifts to the policy formulation phase, the challenge
becomes one of translation - moving from recognising risks to
designing workable governance structures. Here, science remains
crucial, yet its role evolves towards co-design and decision support.
International organisations and national governments continue to
anchor negotiations, but must now partner closely with Indigenous
Peoples and local communities to ensure legitimacy and safeguards.
Financial actors, investors and sectoral standard-setters are essential
in aligning incentives, while subnational governments offer fertile
ground for experimentation. This policy formulation coalition is key to
turning concern into credible pathways for action.

Both phases face formidable challenges, from scientific uncertainty
and political and economic short-termism to fragmented attention
and geopolitical strain. Yet, the urgency of tipping risks means that
delay is itself dangerous. Early momentum will depend on building
alliances that can bridge science and politics, connect planetary-scale
risks to local redlities, and translate abstract warnings into actionable
governance options that are both legitimate and tractable. In this
way, actors across levels and sectors can start to craft the foundations
of a governance architecture capable of anticipating and navigating
tipping points.
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2.1.1 Why Tipping Points?

Tipping points represent critical thresholds in Earth’s climate system
where small changes can lead to significant, often irreversible
consequences. Multiple tipping elements in the Earth system
(Armstrong McKay et al., 2022) are already showing signs of
destabilization under current warming levels. Current global warming
already lies within the lower end of uncertainty ranges for several
tipping points, including major ice sheets, permafrost systems, coral
reefs, and various circulation patterns (Armstrong McKay et al.,
2022). Several tipping points may be triggered within the range of
1.5-2°C global warming, with further increases in the likelihood of
many more tipping points occurring at the 2-3°C of warming expected
under current policy trajectories (Armstrong McKay et al., 2022). This
creates an urgent need for systemic risk assessment that can inform
policy decisions across scales from local adaptation planning to global
climate governance. Understanding these tipping points is crucial for
appropriate risk assessment and effective climate change mitigation
and adaptation strategies.

In the Global Tipping Points Report 2023 (Lenton et al, 2023) we
provided an assessment of Earth system tipping points, their risks
and their implications for human societies. That report established
the scientific foundation by identifying various Earth system tipping
points, assessing their likelihood and timescales, and exploring
potential impacts. The 2023 report demonstrated that several tipping
points could be triggered in the 2030s at current rates of warming,
with potentially catastrophic consequences for billions of people.

The 2023 report also highlighted critical knowledge gaps, particularly
around tipping point interactions, cascading risks, and the translation
of Earth system changes into policy-relevant risk assessments. While
it found that empirical evidence of tipping cascades was scarce, it
identified the potential for catastrophic risks from interconnected
failures across natural and human systems.

Here we build on the previous assessment in several key ways. We
incorporate the latest scientific evidence published since 2023 to
update our assessments of individual tipping point likelihood, fiming,
and severity (Chapter 2.2). Building on the limited evidence of tipping
cascades identified in 2023, we provide a more detailed assessment
of how tipping points interact with each other and how risks cascade
through interconnected natural and human systems. We then examine
the critical question of temperature overshoot scenarios - whether
temporarily exceeding temperature thresholds before returning below
them could still trigger irreversible tipping points, and what this means
for climate policy (Chapter 2.3). Finally, to make our scientific insights
actionable, we translate our assessments into a detailed risk register
that quantifies impacts across multiple risk domains, providing
practical information for policymakers and risk managers (Chapter
2.4).

STABLE
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Bifurcation-induced

\ 4
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To do so, we apply and adapt established risk assessment approaches
to ESTPs, translating Earth system science into policy-relevant “risk
currencies” including food security, energy security, and geopolitical
stability (Roberts et al, 2021).

New geography of climate change

The concept of tipping points fundamentally alters our understanding
of climate change and its geographical implications. It introduces the
possibility of abrupt, nonlinear and irreversible changes in regional
and global climate patterns, challenging smooth projections. The
impacts of tipping points are not uniformly distributed across the
globe. For example, collapse of the Atlantic Meridional Overturning
Circulation (AMOC) would affect the North Atlantic region most
strongly. Tipping points highlight the interconnectedness of Earth'’s
systems across different geographical scales, from local ecosystems
to global atmospheric and oceanic circulation patterns.

This understanding requires a reevaluation of climate risks across
different geographical regions and interconnected social and
economic systems, potentially altering priorities for adaptation and
mitigation strategies (as addressed in Section 1of this report). The
new geography of climate change must account for both gradual and
reversible changes and the potential for sudden and irreversible shifts,
necessitating a more dynamic approach to climate modeling and
policy-making.

Thresholds, timescales and tipping mechanisms

Tipping points are associated with specific thresholds in key system
parameters, such as the volume of ice on Greenland or the strength
of the AMOC, and associated thresholds in forcing factors, such as
temperature or freshwater input (Chapter 2.2 provides a detailed
analysis of these thresholds for individual tipping points). Once a
tipping point is crossed the resulting transition can occur over various
timescales, from abrupt changes occurring over decades to slower
transitions spanning centuries. However, there is a common feature
that on approaching a tipping point, linearity of response (where
response scales linearly with small changes in forcing) breaks down.

For instance, a specific level of global warming might trigger the
start of a melt of the Greenland or Antarctic ice sheet that may be
irreversible - this represents ‘bifurcation’ tipping, where a system
becomes unstable as key conditions slowly change, leading to a
sudden transition to a new state once a critical threshold is crossed.
This type of tipping is often associated with the classic notion of
“tipping points” and can result in abrupt, irreversible changes. The
speed at which systems approach and cross tipping points, and the
rate at which these systems “tip” can vary widely, because of the
physical processes involved.

Rate-induced

Figure 2.1.1: Three types of tipping mechanisms in Earth systems. Bifurcation tipping occurs when a system becomes unstable as conditions
slowly change, leading to a sudden transition once a critical threshold is crossed. Noise-induced tipping results from random fluctuations or
extreme events pushing a system past its tipping point despite otherwise stable average conditions. Rate-induced tipping happens when the rate
of change exceeds the system'’s ability to adapt, even before reaching absolute thresholds.
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This variation partly reflects different tipping mechanisms (Figure
2.1.1) - some systems are sensitive not just to how much forcing occurs,
but how quickly it happens. ‘Rate-induced’ tipping happens when
the rate of change in a system parameter exceeds the system’s
ability to adapt, even if the absolute change hasn’t reached a critical
threshold. This type of tipping highlights the importance of not just
the magnitude of change, but also its speed. In Earth systems, rapid
changes in factors like greenhouse gas concentrations or land use
could potentially trigger rate-induced tipping events. The AMOC,
for example, appears to be sensitive not just to how much warming
occurs, but how quickly it happens - suggesting it could shut down
from rapid warming even before critical temperature limits are
crossed.

A third mechanism, ‘noise-induced’ tipping, can occur when random
fluctuations or perturbations push a system past a tipping point even
when average conditions might otherwise be stable. In the climate
system, natural variability or extreme weather events can act as this
“noise.” For example, marine heatwaves can push already-stressed
coral reefs past their recovery capacity, triggering widespread
bleaching and ecosystem collapse even if average conditions might
otherwise be tolerable (see 4.3 Coral Case Study).

Understanding these different types of tipping is crucial for accurately
assessing and predicting potential changes in different components
of the Earth system (Figure 2.1.2). Bifurcation tipping may be more
predictable given sufficient data on system thresholds, while rate-
induced and noise-induced tipping present additional challenges

for forecasting and risk assessment. Each type of tipping requires
different approaches for detection, modeling, and prevention or
mitigation strategies.
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Figure 2.1.2: Prevention strategies for different tipping mechanisms. Bifurcation tipping can be prevented by avoiding critical thresholds
through limiting the magnitude of forcing (e.g., keeping warming below specific temperature limits). Noise-induced tipping can be mitigated by
strengthening system resilience and reducing background stresses that make systems vulnerable to extreme events and natural variability. Rate-
induced tipping requires controlling the rate of change, such as limiting how quickly warming occurs.

Extremely fast changes could occur after passing tipping points

for processes such as the collapse of monsoons. These present a
challenge in that the speed of changes may exceed possible mitigation
and adaptation. For more slowly evolving systems, such as deep
ocean circulation, the effect of crossing a tipping point may unfold
much more slowly (but still inexorably) over decades or centuries. In
such cases, there remains the possibility that the consequences of
crossing a tipping point can be avoided, if there is a return below the
tipping point immediately after “overshooting” it. This reversibility is
fleeting, however: if the tipping element completes its tipping then the
known constraints on irreversibility for that tipping point apply and the
opportunity is lost. This is explored in Chapter 2.3.
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Bifurcation tipping may be prevented by keeping forcing below
critical thresholds, while rate-induced tipping may be prevented by
controlling rates of change, such as limiting how quickly warming
occurs. Noise-induced tipping can be mitigated by strengthening
system resilience and reducing background stresses that make
systems vulnerable to extreme events. The governance of tipping
point risks and strategies for prevention, adaptation and mitigation
are covered in Section 1of this report.

It is therefore important to understand the processes involved in

any tipping point. If the change in forcing is sufficiently slow and the
system’s behavior follows regular, consistent patterns, we may be able
to detect statistical changes that serve as early warning signals of
approaching tipping points (covered in Chapter 1.6 of the 2023 Global
Tipping Points Report).
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2.1.2 Risk framework for Earth system
tipping points

Our framework builds on established approaches for environmental
risk assessment that integrate climate science with impact assessment
(Jones, 2001) and more recent developments in climatic impact-
driver frameworks that systematically link physical climate changes to
sectoral impacts (Ruane et al., 2022). The IPCC definition of climate
change risk can be adopted fo assess risks from Earth system tipping
points (ESTPs). Risks therein are defined as the “potential for adverse
consequences for human or ecological systems, recognizing the
diversity of values and objectives associated with such systems” (IPCC
2021). The complex nature of risk was central in the IPCC AR6, which
pointed out the immense relevance of including feedbacks, cascades,
nonlinear behavior and the potential for surprise (e.g. low likelihood
high impact outcomes) in the risk assessment.

The IPCC Special Report on 1.5° Global Warming introduced
compound risk as “the interaction of hazards, which can be
characterized by single extreme events or multiple coincident or
sequential events that interact with exposed systems or sectors” (IPCC
2018). However, this definition did not acknowledge the complex
interaction between hazards, exposure and vulnerability shaping
risks. Other studies have defined cascading risks as an “event or
trend triggering others; interactions can be one way (e.g., domino

or contagion effects) but can also have feedbacks; cascading risk

is often associated with the vulnerability component of risk, such

as critical infrastructure” (Simpson et al. 2021). This includes risks
from cascading shocks, such as those causing irreversible changes in
climate or impacts on a human timescale, tipping points, and indirect
impacts.

However, the definition of risk is only one component of a functioning
risk management framework. Key risk management principles are
identified as (King et al, 2015):

* Assessrisks in relation to objectives, or interests
Start from an understanding of what it is that we wish to avoid, then
assess its likelihood.

* Identify the biggest risks
Focus on finding out more about worst-case scenarios in relation fo
long-term changes, as well as short-term events.

* Consider the full range of probabilities
Bearing in mind that a very low probability may correspond o a
very high risk, if the impact is catastrophic.

* Use the best available information
Whether this is proven science or expert judgment. A best estimate
is usually better than no estimate at all.

* Take a holistic view
Assess systemic risks as well as direct risks. Assess risks across the
full range of space and time affected by the relevant decisions.

Regrettably, these risk management principles have not typically
been adhered to by policymakers when considering climate change
and tipping points. For example, high-profile climate change
assessments - including through the TCFD (Task Force on Climate
related Financial Disclosures) - significantly underestimate risk, as
they exclude many of the most severe risks we could face. Widely
used economic assessments of climate impacts show relatively benign
economic impacts which are inconsistent with science as they exclude
tipping points, nature risks, and risk cascades such as displacement
and conflict, thereby significantly understating risks. Policymakers who
use these model outputs to guide decisions may therefore be implicitly
accepting far higher levels of risk than they think. Although there is no
precise globally-agreed risk appetite, it is reasonable to assume that
most decision-makers want to minimise the risk of significant societal
disruption, including from ESTPs.
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A well recognised risk management principle is the precautionary
principle, which is not consistently applied to climate change. The
precautionary principle emphasises caution if it is possible that a given
course of action may cause significant harm, particularly where there
is high uncertainty. One of the most important expressions of the
precautionary principle internationally is the Rio Declaration from the
1992 United Nations Conference on Environment and Development
(United Nations, 1992). It is in common use as a concept by national
governments including the EU (European Commission, 2000) and UK
(DEFRA, 2023).

It is illustrative to compare societal approaches to climate change

to that used in other areas of human endeavour with mature risk
management approaches, which in many cases are regulated. For
example, insurance companies hold capital to meet the liabilities they
expect to meet in the future, as well as to cover adverse events so
they can avoid becoming insolvent. In Europe the amount of capital
insurers are required to hold is set at a level designed fo withstand an
extreme loss scenario that would occur only once in 200 years. Put
another way, the amount of capital held is calculated to give a 0.5%
chance that an insurance company would fail in any one year. Nuclear
facilities have an even higher threshold for failure, designed to cope
with hazards on a 1in 10,000 basis. The contrast with the probabilities
of success we have accepted with carbon budgets is stark.

A final consideration from a risk management perspective is the
impact of partial tipping. Tipping points do not have to finish tipping to
significantly impact weather patterns, with consequent impacts on key
socio-economic systems including food, water, energy and transport.

For assessing Earth system tipping points (ESTPs), we adopt and

build on the IPCC’s understanding of risk complexity, particularly

the AR6 framework’s recognition that climate responses can
themselves become sources of risk and that feedback loops and
cascading impacts are central fo comprehensive risk assessment.
However, tipping points require additional considerations due to

their potential for abrupt, irreversible changes and their capacity

to trigger cascading failures across interconnected systems -

exactly the kind of high-impact events that can have system-wide
consequences. The framework addresses a critical gap in current
climate-society-economy models, which often inadequately represent
the feedback mechanisms and system interactions that are crucial

for understanding tipping point risks. By incorporating systemic risk
considerations and franslating impacts into policy-relevant currencies,
our approach ensures that scientific insights about tipping points can
inform practical decision-making across different scales and sectors.

R (N
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Our ESTP risk framework incorporates three main components
(Figure 2.1.3). This approach addresses critical gaps identified in
integrated models of natural and human Earth systems, particularly
the need fo better represent cascading effects and telecoupling
processes that can amplify tipping point impacts across scales and
sectors (Franzke et al., 2022):

1 ESTPhazards and direct risks: Individual ESTPs are assessed
for their likelihood of occurrence (very unlikely to certain)
and potential severity of impact (low to catastrophic) using
established scientific evidence. This includes evaluating threshold
temperatures, triggering mechanisms (bifurcation, rate-
induced, or noise-induced tipping), and timescales of system
transitions. We assess our confidence in these evaluations using a
standardized scale (very low to very high confidence) that reflects
the current state of scientific understanding and observational
evidence. Chapter 2.2 provides detailed assessments of the
physical science of individual tipping points, while temperature
overshoot scenarios and their implications for triggering
irreversible changes are examined in Chapter 2.3.

2 Systemicrisk analysis: Systemic risks arise when individual
tipping points interact through cascading failures that spread
across interconnected natural and human systems. We examine
three types of cascading processes: tipping cascades (where
one tipping point triggers another), impact cascades (chains
of socioeconomic impacts), and emergent feedbacks (self-
reinforcing cycles that amplify effects). The categories are not
mutually exclusive: for example, cascades can also be connected
through feedbacks. These interconnected processes can lead
to severe outcomes, such as system collapse, over various tfime
horizons (Sillmann et al. 2022). Current climate-society-economy

models often inadequately represent these feedback mechanisms

(e.g. Schaumann & Alastrué de Asenjo 2025), creating critical
gaps in risk assessment. Globalization amplifies systemic risk,

making it a worldwide concern that affects populations across the

globe.

AMOC collapse, ice sheetloss,
Amazon dieback, etc.

ESTP HAZARDS
& DIRECT RISKS

E.g. AMOC — monsoon
weakening

SYSTEMIC RISKS

E.g. Crop failure — food
prices =— social unrest

3 Risk currencies: In Chapter 2.4, risks arising from Earth system
changes are inferpreted in terms of policy-relevant “risk
currencies” that decision-makers intuitively understand, including
food security, energy security, water security, human security,
economic stability, and geopolitical stability. This translation
process captures both direct impacts from individual tipping
points and systemic effects from cascading interactions.

We use these three components to construct a risk register that
provides quantitative assessments across multiple domains, enabling
policymakers to compare risks, set priorities, and develop targeted
response strategies. Chapter 2.4 presents the detailed risk register
with regional and sectoral impact assessments across nine key risk
currencies.

By adopting this framework, we seek to bridge the gap between
scientific understanding of tipping points and the practical needs of
risk management and policy formulation. It allows for a more nuanced
treatment of uncertainty and systemic risk while still providing
actionable insights for decision-makers.

Risk currencies

Crop failure, flooding,
drought, ecosystem damage,
infrastructure collapse, etc.

Food security
Energy security
Water security

Human security

Economic stability and
growth National and
international security

Social cohesion and
equity Environmental
sustainability
Institutional legitimacy

Figure 2.1.3: Direct risks (blue) show the linear pathway from tipping points through biophysical impacts to risk currency domains (green).
Systemic risks (red) involve cascades and feedbacks related to Earth systems and impacts. Dashed lines indicate social-ecological feedbacks not

fully assessed in this report.
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Earth system tipping point hazards and direct risks

ESTPs hazards refer to the immediate and primary consequences of
a tipping point being crossed. These might include rapid sea level rise
from ice sheet collapse or sudden shifts in regional climate patterns.
Direct risks, in contrast, encompass the direct effects that emerge

as a result of these ESTPs hazards. For instance, the ESTP hazard

of increased drought frequency might lead fo direct risks, such as
agricultural failures. When assessing ESTP hazards and direct risks,
we categorize these in terms of their likelihood of occurrence (very
unlikely / unlikely / likely / very likely / certain), and severity (low /
moderate / major / critical), while also stating our confidence in those
assessments (very low, low, medium, high and very high). Chapter 2.2
employs a standardized confidence framework using a +/- system

to evaluate the scientific evidence for each tipping system. This
framework assesses whether multiple independent lines of evidence
support the presence of self-perpetuating feedback loops that can
drive state shifts beyond critical thresholds, with high confidence (+++)
indicating consistent support across paleoclimate records, models,
and observations, while lower confidence levels (+, ++) reflect greater
uncertainties in timing, magnitude, or feedback strength.

Systemic and cascading risks

Systemic risk occurs when the functioning of an entire system could be
compromised due to the interactions among its components (Sillmann
et al., 2022; Arnscheidt et al, 2025; Renn et al, 2017). The complex,
interconnected nature of these risks can be visualized through network
approaches that show how multiple risk factors interact and reinforce
each other. In the context of Earth system tipping points, systemic

risk encompasses the potential for ESTP impacts to propagate
through inferconnected natural and human systems, threatening the
stability and functioning of broader Earth-human systems. Critically,
responses to risks can themselves become risk factors, creating
additional layers of complexity. When governments, institutions,

or communities respond to ESTP impacts, their actions could
inadvertently generate new vulnerabilities that propagate through
interconnected systems (see Section 1for a detailed exploration

of governance). For example, emergency resource restrictions
implemented in response to climate impacts might force communities
into unsustainable practices that create longer-term risks.

Systemic risks are assessed in the following domains:

Earth system: Earth system tipping point causes changes fo other
Earth system components.

Societal: Direct impacts of Earth system tipping point on people
causes other impacts on people

Social-ecological: Direct impacts of Earth system tipping point on
people leads to acceleration or mitigation of other Earth system
tipping points

Cascading risk is a specific type of systemic risk characterized by
chains of impacts where one event triggers the next in a broadly
domino-like fashion (Figure 2.1.4), although sometimes with feedback
between the ‘dominoes’ to accelerate tipping (Simpson et al. 2021).
The interconnected nature of cascading risks has been recognized
across multiple disciplines as a fundamental challenge for risk
assessment (Helbing, 2013), particularly in environmental systems
where multiple interacting hazards can compound impacts in
nonlinear ways (Pescaroli & Alexander, 2018; Zscheischler et al., 2018).
Cascading regime shifts can occur both within ecological systems

and across social-ecological scales (Rocha et al., 2018), making them
especially relevant for understanding tipping point interactions.

For example, the melting of the Greenland Ice Sheet could lead to
increased heat absorption by the darker ocean surface, accelerating
regional warming. This, in turn, could trigger further tipping points
such as permafrost thaw or changes in atmospheric circulation
patterns. Each step in this cascade can exacerbate the original impact
and potentially push other systems closer to their own tipping points
(Wunderling et al, 2024).

CASCADE

— —>

“ >

Figure 2.1.4: Cascading risk pathways showing how initial triggers can propagate through interconnected systems.

Source: Adapted from Simpson et al. (2021).
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The 2023 Global Tipping Points report found that empirical
evidence of tipping cascades is currently scarce, with most research
focused on climate change, coastal flooding and marine species
tipping cascades. Significantly less is known about cascades from
biophysical fo socio-economic systems compared to cascades
between biophysical systems. However, extrapolating from known
feedbacks in complex human-natural systems suggests that tipping
points in social and natural systems could plausibly form tipping
cascades, with catastrophic risks for human wellbeing. This previous
analysis underscores both the potential severity of cascading risks
and the critical need for improved assessment frameworks. Here we
differentiate between the following types of cascading risk

* Tipping cascades: chains of Earth system and/or societal tipping
points where triggering of each tipping point causes the next to
tip. For example, AMOC collapse could reduce northward heat
transport and shift the Intertropical Convergence Zone southward,
weakening the West African and Indian Summer Monsoons,
which reduces regional precipitation and triggers vegetation loss
that further destabilizes the monsoon systems through reduced
evapotranspiration.

* Impact cascades: chains of impacts where each impact causes the
next impact. These impacts may ultimately be the consequence of
a tipping point, but the impacts themselves do not display fipping
characteristics. For instance, regional drought leads to crop failure,
which causes food price spikes, triggering social unrest and political
instability.

* Emergent feedbacks: circular chains of Earth system or societal
tipping points or impacts that could amplify impacts. For example,
forest fires release CO2 causing further warming, which increases
fire risk, creating a self-reinforcing cycle.

PHYSICAL
CHANGE

+3°C warming

Precipitation 2
changes

AMOC
slowdown J

Sealevel +0.5m

TRANSLATION
PROCESS

Physical impacts

Societal
consequences

For each ESTP we assess these different systemic risks, as well as the
interplay between these. The interplay between systemic risks can
create complex domino effects, feedback loops and amplification
processes. For instance, a tipping point in the Amazon rainforest
leading to its dieback could trigger a cascade of impacts on regional
water cycles, biodiversity, and carbon storage. These cascading
effects could then translate into systemic risks for global climate
regulation, international trade in agricultural commodities, and
geopolitical stability in the region (see 4.1 Amazon Case Study).

Risk currency

“Risk currency” is a term used to describe the fundamental concerns
that drive policy decision-making across all levels of governance: risks
of primary importance which are understood intuitively by people
and decision-making cultures and systems (Roberts et al 2021). These
currencies include the objectives and interests pursued by states

and other system-scale actors: food security, energy security, water
security, human security, economic stability and growth, national

and international security, social cohesion and equity, environmental
sustainability, and institutional legitimacy (Chapter 2.4).

Policymakers think in ferms of protecting lives, maintaining economic
competitiveness, ensuring energy and food security, preventing

social unrest, safeguarding critical infrastructure, and preserving

the effectiveness of governance systems. They are concerned with
measurable impacts on GDP, employment rates, public health metrics,
migration pressures, and the functioning of essential services. In this
context, information about the climatic changes and biophysical
impacts of tipping points might not be by themselves enough to
engage decision-makers, as these do not directly relate to risk
currencies. Risk currency thus refers to the translation of Earth system
impacts (direct, systemic, cascading) intfo metrics and language that
resonate with policy and decision-makers. The translation of Earth
system changes into these risk currencies requires a systematic
approach that captures both direct impacts and their strategic
implications (Figure 2.1.5).

RISK
CURRENCIES

Food Security
Water Security
Energy Security

National Security

Policy concerns

Figure 2.1.5: Risk currency translation framework, showing how Earth system tipping point impacts are converted into policy-relevant security

concerns across different domains.
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Understanding tipping point risks in ferms of these policy-relevant
currencies is crucial for several reasons. First, it translates complex
Earth system science into the language of policy impact assessment
that decision-makers use daily. Second, it demonstrates why tipping
points cannot be treated as simply environmental issues but must
be recognized as fundamental threats to societal stability (Monnin

& Hiebert, 2023). Climate change has a clear systemic dimension:

its consequences are not only widespread across all sectors and
regions, but potential concentrations, spillovers and interlinkages
risk amplifying its impacts further (Monnin & Hiebert, 2023). Third, it
provides a framework for prioritizing policy responses based on which
risk currencies are most threatened and which populations are most
vulnerable (Milkoreit et al., 2024). Findlly, it reveals why traditional
risk assessment approaches, designed for single-currency risks,

are inadequate for the multi-currency, systemic nature of tipping
point impacts (European Commission JRC, 2025). Due to their long
timescales, multi-hazard, cross-boundary and systemic risk nature,
risk and impact assessments of crossing tipping points go beyond
conventional disaster and climate risk analysis, and adaptation
solutions will be needed (UNDRR, 2022).

The AMOC collapse example illustrates this translation process clearly
(Figure 2.1.6). Physical changes in ocean circulation translate into
concrete impacts on food security, energy demands, economic costs,
and geopolitical stability - each representing different currencies that
policymakers can understand and act upon (see 4.2 Atlantic Ocean
circulation case study).

The currency of risk in this framework converts changes in Earth
system parameters - such as temperature increases, precipitation
pattern shifts, or extreme weather event frequency - info terms
directly relevant to societal concerns. For instance, alterations in
regional climate patterns are expressed in terms of their implications
for food security, considering impacts on crop yields, agricultural
productivity, and global food supply chains. Similarly, changes in
hydrological cycles are framed in the context of water security,
highlighting potential challenges in water availability for human
consumption, agriculture, and industry.

Atlantic circulation system shuts down due to
freshwater influx and warming

Northern Europe: | 3-5°C cooling

Caribbean: T 2°C warming

Precipitation shifts

Storm track changes

Food Security: UK crop failures, global grain prices 1

Energy Security: EU heating demand ¥,

renewable capacity |
Economic Security: £200B+ adaptation costs

Geopolitical Security: EU-US agricultural
dependency, Arctic access shifts

Figure 2.1.6: AMOC collapse risk currency example, demonstrating how physical ocean circulation changes translate into specific policy-relevant
impacts across food security, energy security, economic security, and geopolitical domains.
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This approach extends to other critical areas of concern for decision-
makers. Climate-induced alterations in ecosystems and resource
availability are presented in terms of their potential impacts on
national security, including the risk of resource conflicts or climate-
driven migration. Energy security is another crucial ‘currency’, with the
framework articulating how climate tipping points might affect energy
production, distribution, and consumption patterns.

Risk register

Earth system tipping points represent some of the most significant
and poorly understood risks in climate science, yet they remain
inadequately integrated into policy and risk management frameworks
(Armstrong McKay et al., 2022; Lenton et al., 2019). Unlike
conventional risks that follow predictable patterns, tipping points
involve the change in behaviour of a system beyond a threshold,
where small changes in forcing can trigger large, often irreversible
changes that fundamentally alter Earth system functioning

(Lenton et al., 2008). These systems are characterized by deep
uncertainty, meaning precise probabilities cannot be determined
with current knowledge, even as scientific understanding advances
(Kriegler et al., 2009). Assessing such deep uncertainty requires
specialized approaches that move beyond traditional probabilistic
risk assessment toward frameworks designed specifically for high
impact-low likelihood events where precise probabilities cannot be
determined (Wood et al., 2023). This uncertainty is compounded by
the cascade potential inherent in these systems, as individual tipping
points can interact through complex feedback mechanisms to trigger
others, creating the possibility of cascading failures across the Earth
system (Wunderling et al., 2021; Wunderling et al., 2024; Klose et al,
2021; Wunderling et al, 2023; Spaiser et al (2024).
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The temporal dimension of tipping point risks presents additional
challenges for traditional risk management. Many changes associated
with tipping points are irreversible on policy-relevant timescales of
decades to centuries, meaning that once triggered, these changes
cannot be undone through conventional mitigation strategies (Steffen
et al., 2018). Furthermore, even regionally-focused tipping points can
have global implications, with worldwide consequences for human
societies, economies, and ecosystems far from the original source of
change (Wang et al., 2023).

Governments use risk registers to provide practical examples of how
complex, interconnected risks are assessed and communicated to
policymakers and the public, such as the UK’s National Risk Register
(HM Government, 2025; Figure 2.1.7). A risk register is a tool used fo
identify, assess, and support the management of risks within a given
context. It provides a structured way to record potential threats.

The main purpose of a risk register is fo support better decision-
making via the qualitative or quantitative assessment of the severity
and likelihood of an impactful event. By providing a clear overview
of current and emerging risks, a risk register can help those with
responsibility for risk management to prioritise actions, allocate
resources, and remain accountable. As such, risk registers are also

a key part of transparency and governance. Overall, a risk register
should enable proactive, rather than reactive, management, reducing
the chance of being caught off guard and improving the likelihood of
achieving objectives.

Risk registers are typically presented as a table, spreadsheet, or

a matrix that focuses on quantities relevant to assessment and
management. For example, a risk register used by a government to
identify major threats at the scale of a society is typically constructed
using a matrix plotting the potential impact of a risk against a
calculation of the likelihood.

Risk assessment methodology and matrix

Terrorism

1 International terrorist attack with
strategic implications

Morthern Ireland related terrorism

Terrorist attacks in publicly
accessible locations

Terrorist attacks on transport
Strategic hostage taking
Assassination of high-profile figure
Larger scale GERN attacks

Smaller scale CERM attacks

Medium scale CBRN attacks
Cornventional attacks on infrastructure
Cyber attacks on infrastructure

L P

Wom o~

=3

Geographic and diplomatic
12 Disruption to global il trade routes

Accidents and systems failures

13 Major adult social care provider failure

14 Insolvency of supplier(s) of critical
26 services to the public sector

15 Insohlvency affecting fuel supply
16 Rail accident

1, 67a 17 Large passenger vessel accident
18 Major maritime pollution incident
5 19 Incident (grounding/sinking) of a
>25% vessel blocking a major port

Figure 2.1.7: Example from the UK Government’s National Risk Register showing systematic risk assessment methodology, including likelihood-
impact matrices and consideration of cascading effects that inform our adapted framework for Earth system tipping points. Source: HM

Government (2025) National Risk Register 2025, Cabinet Office.
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These registers demonstrate systematic approaches to categorizing This approach recognizes that while we cannot assign precise

risks by likelihood and impact, while also considering cascading effects probabilities to tipping events, we can identify the temperature

and dependencies between different risk types. Our ESTP framework ranges at which different systems become vulnerable based on
builds on these established risk assessment methodologies, adapting current scientific understanding. While this temperature-based risk
them specifically for the unique challenges posed by Earth system register provides a systematic approach for communicating ESTP
tipping points. risks to policymakers, Chapter 2.4 explores this approach alongside

alternative methods including impact-focused assessments that
emphasize consequence severity rather than probabilistic estimates.
These methods provide more robust foundations for policy decision-
making under conditions of deep uncertainty, where the focus shifts
from predicting when tipping points will occur to understanding what
happens if and when they do.

Traditional risk register approaches face significant limitations when
applied to tipping point systems characterised by deep uncertainty,
as precise probability estimates are often misleading or impossible

to determine reliably. To illustrate how these approaches could be
better adapted for tipping points, we have developed a mock Earth
system tipping points risk register (Figure 2.1.8) that uses temperature
thresholds as a proxy for the timing of when different tipping

points may be triggered, rather than using conventional likelihood
categories.

High emission risk 4.0+

Long-term risk 3.0+
(2100s)

Medium-term risk 2.0+

(2050s)
Near-term risk 1.5+
(2030s)
We are here 1.4
Low Moderate Major Severe Catastrophic
Time horizon Temperature Impact

Figure 2.1.8: Prototype Earth system tipping points risk register using temperature thresholds as a proxy for timing. Unlike traditional risk registers
that rely on probability estimates, this tfemplate acknowledges deep uncertainty by categorizing tipping point risks according to the temperature
ranges at which different Earth systems become vulnerable to irreversible change. This framework provides a structure for communicating risks
to policymakers when precise likelihood estimates are unreliable or impossible to determine.

Looking ahead

The following chapters apply this framework. Chapter 2.2 provides
detailed scientific assessment of individual tipping points, their
thresholds, timescales, and interactions with each other. Chapter 2.3
examines the critical question of temperature overshoot scenarios
and their implications for tipping point risks. Chapter 2.4 implements
our risk register approach through regional and sectoral impact
assessment, translating Earth system science into actionable risk
information across nine policy-relevant risk currencies.
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UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025 global-tipping-points.org 106



@ Global tipping points | Section 2 Earth System tipping points and risks

2.2 Status of Earth system tipping points:
What's new?
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2.2.1 Executive summary

Many parts of the Earth system can reach a point beyond which change in response to pressure can become
self-sustaining, resulting in an often irreversible and abrupt shift to a very different state - what we refer to
as a ‘tipping point’. In this chapter we briefly summarise each proposed tipping system covered by the last
Global Tipping Points Report, and reassess each based on relevant new scientific research published since
the last report.

In the ecryosphere - Earth’s frozen reaches - we (the Global Tipping Points community) maintain high
confidence in ice sheet tipping points, two of which have been at risk since around 1°C of warming, with
potentially substantial consequences for future sea level rise. We also maintain medium confidence in
local to regional tipping in permafrost and glaciers, with implications for amplified emissions and regional
deglaciation. While Arctic summer sea ice decline is unlikely fo reach a tipping point, we cannot rule out
tipping for it in the winter, or around Antarctica, where sea ice has recently dropped for the first time.

In the biosphere - the living world - we are more confident in the potential for tipping in the Amazon at
various scales, and note that combined with ongoing deforestation as little as 1.5°C of warming could
trigger widespread dieback. Both the Amazon and coral reefs have suffered during the 2024-25 El Nifio
event, seeing the worst coral bleaching event on record and signs of die-off in many regions. We also have
higher confidence in localised mangrove tipping, and now include peat bogs and river deltas as potential
freshwater tipping systems.

In the circulations of the ocean and atmosphere, recent research strengthens the case for North Atlantic
convection being capable of tipping, potentially at current warming levels, but large uncertainties remain
on if and when they may tip in practice. Convection around Antarctica may also be weakening towards

a tipping point, driven by warming and meltwater, but we are not sure how this in turn interacts with ice
melt. We now include the East Asian summer monsoon as a potential tipping system, but remain confident
that despite changes in response to warming the northern polar ‘jet stream’ as well as the El Nifio Southern
Oscillation (ENSO) and large-scale tropical circulations are unlikely to have a tipping point.

Tipping points do not exist in isolation - they interact in ways that can change the likelihood of their tipping.
We have extended our previous analysis to cover more than twenty climate tipping system interactions,
adding in for example interactions with subglacial basins in East Antarctica or interactions with the
permafrost. Our newest science updates maintain the finding that the majority are destabilising. For
example, a vicious cycle may form where permafrost thaw releases greenhouse gases, driving further
warming and more Arctic sea ice retreat, which by making the Arctic darker amplifies warming, amplifying
inland permafrost degradation, and so on. The AMOC emerges as a key global mediator of tipping point
interactions, featuring in nearly half of all assessed tipping point interactions, including a few that may
potentially have a stabilising effect, such as AMOC collapse’s impact on the southern Amazon rainforest, and
West Antarctic Ice Sheet impact on the AMOC.

. N
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2.2.2 Summary table

Table 2.2.1: Tipping assessment for each system considered, highlighting changes since GTPR23. Key: +++ (high confidence yes), ++ (medium

yes), + (low yes), ? (uncertain), - - - (high no), - - (medium no), - (low no).

Domain Tipping system GTPR25 tipping system assessment
(& tipping dynamics) (bolded if changed vs. GTPR23)

Cryosphere Ice Sheets (collapse) Greenland: +++ [threshold updated]

West Antarctica: +++
Marine basins East Antarctica: +++

Non-marine East Antarctica: ++

Sea Ice (loss)

Arctic summer: - - -

Arctic winter: ? [was: - -]
Barents Sea: -

Antarctic / Southern Ocean: ?

Glaciers (retreat)

See 4.4 Mountain glaciers case study

++ (regional)
- - (global)

Permafrost (thaw) ++ (regional, land)
- - (global, land / subsea)
Biosphere Tropical Forests (dieback) Amazon: +++ (local) [threshold updated]

See 4.1 The Amazon rainforest case
study

++ (regional)

+ (continental)

Congo: + (local), ? (regional) [regional added]
SE Asia: ? (local), - - (regional)

Boreal Forests (dieback / expansion)

Dieback: ++ (regional)
+ (continental)

Northern Expansion: + (regional)

Temperate Forests (dieback)

+ (local) [local added]
? (regional)

Savannas & Grasslands (regime shifts)

++ (local to landscape)
? (regional)

Drylands (regime shifts)

++ (local to landscape)

+ (regional)

Freshwater (regime shifts)

Eutrophication-driven lake anoxia: +++ (widespread localised)

Lake DOM loading (‘browning’): ++ (widespread localised in boreal)
Lake (dis)appearance: - (widespread localised in tundra)

Lake N to P-limitation switch: - (localised in high N-deposition regions)
Lake salinisation: - (localised in arid regions)

Lake invasive species: - (widespread localised)

River deltas: + (localised) [system added]

Peat bogs: ++ (localised) [system added]

Coastal ecosystems
(regime shift)

Mangroves: +++ (local) [local added]
++ (regional)
Seagrass meadows: ++ (regional)

Kelp forests: +++ (local)

See 4.3 Warm-water coral reefs case
study

+++ (localised)

+++ (regionally clustered)
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Table 2.2.1: Tipping assessment for each system considered, highlighting changes since GTPR23. Key: +++ (high confidence yes), ++ (medium
yes), + (low yes), ? (uncertain), - - - (high no), - - (medium no), - (low no).

Domain Tipping system

(& tipping dynamics)

GTPR25 tipping system assessment
(bolded if changed vs. GTPR23)

Marine (benthic & pelagic) ecosystems
(regime shifts)

Cod fisheries: +++ (regional)

Large fish fisheries: + (regional)

Small fish fisheries: - (regional)

Marine communities: + (local)

Biological (lipid) pump: ? (regional)

Biological (gravitational) pump: - - (regional)

Marine hypoxia: + (local), ? (regional to global)

Ocean & Ocean overturning (collapse)
a.fmosp‘here See 4.2 Atlantic Ocean circulation case
circulations

study

Atlantic Meridional Overturning Circulation (AMOC): ++
Deep convection in North Atlantic Subpolar Gyre (SPG): ++
Southern Ocean: ++

1s (abrupt collapse /
intensification)

West African: +
Indian Summer: ?
South American: ?

East Asian Summer: ? [system added]

Tropical clouds & circulation
(reorganisation)

ENSO (extreme / permanent)

Mid-latitude jet (wavier)

2.2.3 Introduction

The Earth system describes the interconnected complex system at
the surface of the planet that sustains life, including the cryosphere
(ice-related systems, including ice sheets, sea ice, glaciers and
permafrost), biosphere (all living things), atmosphere, hydrosphere
(water-based systems, including oceans, rivers and lakes), and the
lithosphere (the Earth’s solid surface) (Kump, Kasting, & Crane, 1999;
Lenton, 2016).

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025

Evidence has accumulated from models, palaeorecords, and
observations that change in many parts of the Earth system can
under certain circumstances become self-sustaining once forced
beyond a threshold, leading to a state change driven by positive

(i.e. amplifying) feedback loops, and/or the weakening of negative/
balancing feedback loops (Lenton et al., 2008; Armstrong McKay et
al., 2022; Wang et al., 2023; GTPR23). We refer to this situation as a
‘tipping point’, and the systems that this dynamic occurs in as ‘tipping
systems’ (see Introduction of the report).
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Figure 2.2.1: Map of potential tipping systems across the biosphere, cryosphere, and circulations in oceans and atmosphere.

In the first Global Tipping Points Report (GTPR23), over 120 Earth
and environmental scientists assessed the biophysical evidence for
tipping dynamics across the Earth system. We assessed the scientific
literature for each proposed tipping system, and using collective
expert judgement then judged if sufficient evidence exists for tipping
dynamics in that system along with an associated confidence level
(following the IPCC system; Mastrandrea et al. (2010)), and identified
knowledge gaps to be targeted with further research. Based on this,
we found evidence for potential tipping in many parts of the Earth
system, across the cryosphere, biosphere, and ocean/atmosphere
circulations, several of which may already be close to tipping
thresholds due to a variety of anthropogenic pressures (Figure 2.2.1).

Since the last Global Tipping Points Report was published, new
research has deepened our understanding of many of these systems.
In this chapter, we briefly describe each system and our previous
assessment of its tipping dynamics, before summarising insights from
new research on it, and presenting any changes to the assessments
made in GTPR23 (summarised in Table 2.2.1).
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2.2.4 Methodology

There are many sources of information that Earth system science
draws from. Broadly classified, there are direct observations (in-
situ measurements and remote sensing), proxy records on historic
or palaeo timescales (indirect reconstructions, e.g. inferring past
temperatures via certain isotope concentrations) and models of
differing complexity. The latter range from conceptual (e.g. box
models) over component models (e.g. ice sheet models representing
the relevant physical processes) to fully coupled Earth system models
(e.g. the models participating in the Coupled Model Intercomparison
Project, CMIP). All these lines of evidence come with their respective
strengths and drawbacks, and can help construct a consistent
understanding of a system (Boers, Ghil & Stocker, 2022).

In line with the tipping point definition above and as described

in Loriani et al. (2025), our assessment reviews evidence for the
presence of feedback loops that can drive self-perpetuating change
beyond a threshold, leading to a state shift in that system. The
confidence in our assessment increases with both robustness and
agreement of evidence, following the IPCC system (Mastrandrea et
al., 2010). Table 2.2.2 summarises the criteria for different confidence
levels.

Critically, this confidence rating concerns merely whether a system
can tip under plausible future conditions (within coming centuries

to millennia), not that it will tip in future, or could tip under any
circumstances. Although these questions are tightly related,
estimating whether a system is likely to tip requires quantification of
the critical threshold and an assessment of whether that threshold will
be transgressed, including a discussion of overshoots and timescales.
All of these aspects are surrounded by considerable uncertainties for
different systems.
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Table 2.2.2: Summary of confidence level criteria for ESTP assessments in this chapter.

Confidence Criteria (from Loriani et al. [2025])

High (+++) Multiple, independent lines of evidence consistently indicate the presence of feedback loops that can drive self-perpetuating change beyond
a threshold on plausible future trajectories, leading to a state shift in that system. Strong palaeo analogues, consistent tipping behaviour in
models across the hierarchy. If applicable, proxy and direct observations are compatible with the expected tipping dynamics.

Medium (++): Multiple, independent lines of evidence indicate the presence of such feedback loops. However there are uncertainties in fiming, magnitude
or feedback strength. e.g. there are tipping dynamics in some models, and palaeo records hint at dynamics compatible with tipping. Support
from observations is limited or contested.

Low (+): Singular lines of evidence indicate the presence of such feedback loops. Tipping dynamics only emerge in specific models or under

constrained assumptions. e.g. tipping is in principle conceivable via conceptual models, but there are no clear or only weak palaeo
analogues. Limited demonstration of tipping dynamics in numerical models.

Not a tipping system There is evidence indicating the lack of feedback loops that can drive self-perpetuating change beyond a threshold (with low/medium/high

confidence).

Unclear

There is conflicting or limited evidence about the existence of such feedback loops.

2.2.5 Potential tipping points in the cryosphere

The cryosphere includes all of the ice-bound parts of the Earth, In this section, we describe each of these systems, their evidence for
including ice sheets (separated info the Greenland and Antarctic tipping dynamics, and relevant new research in turn. Based on this, we
ice sheets, the latter also subdivided into West Antarctic and East have reassessed the status of several systems, including the threshold
Antarctic ice sheets), mountain glaciers, sea ice, and permafrost. range for the Greenland Ice Sheet, updating Arctic winter sea ice from

not a tipping system (low confidence) to uncertain, and discussing the
potential implications of recent drop in Antarctic sea ice (Figure 2.2.2).

ARCTIC SUMMER Arctic WinTER 5
GREENLAND Sea lce Sea Ice 2 BSEA s
Ice SHEET R v ERMAFROST

+++

MounTtain
GLACIERS
@& i
- 4

Tipping System
(confidence level)
+ 4+ [ ves(High)
&+ [ Yes (Medium)
+ Yes (Low)
V  Unclear
- No (Low)
== [ No(Medium)
= == [l No(High) ¢

@& Global-scale tipping *__; A

»% Regional-scale tipping

Figure 2.2.2: Map of cryosphere systems considered in this chapter (shading). The markers indicate which of the systems are in this report
considered a tipping system (+++ high confidence, ++ medium confidence and + low confidence) and which are not (- - - high confidence,

- - medium confidence and - low confidence), V indicates systems for which a clear assessment is not possible based on the current level of
understanding.
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Greenland Ice Sheet

What itis

The Greenland Ice Sheet (GrlS) consists of the ice sheet covering the
island of Greenland, and contains the equivalent of circa 7 metres of
sea level equivalent (SLE) (Aschwanden et al., 2019). Palaeoclimate
evidence suggests that while it survived many recent interglacials (i.e.
warm interludes between cold ‘Ice Age’ glacials, of which the current
Holocene is the latest), it partly collapsed during the last interglacial
130,000 to 115,000 years ago (a.k.a. the ‘Eemian’, or ‘MIS5¢’), and
may have collapsed during the ‘MIS1T interglacial ~420,000 to
395,000 years ago when sea levels were likely 6 to 13 m higher than
present (Alley et al., 2010; Schaefer et al., 2016; Rachmayani et al.,
2017; Robinson et al., 2017; Christ et al., 2021). While MIS1T1 may have
reached a warmer peak than MIS5e (with up to ~2°C in the former
and up to ~1.5°C in the latter relative to pre-industrial, albeit with high
uncertainty and differing orbital configurations and regional patterns
(Rachmayani et al., 2017; Fox-Kemper et al., 2021)), the larger
estimated ice loss during the older interglacial is likely due to a longer
duration of warmer climate (Robinson et al., 2017). This sensitivity

to only marginally higher warming than preindustrial indicates the
presence of a tipping dynamic. Some models also support this,
indicating that this is largely driven by melt-elevation feedback, in
which ice mass loss leads to the ice sheet surface dropping to warmer
altitudes, accelerating ice loss. Below a critical elevation, this process
leads to inevitable collapse even if global warming were to halt or
reverse (Boers & Rypdal, 2021). If triggered, GrlS collapse would play
out over millennia (1-10ky; A. McKay et al. (2022)), but would lock in

a multi-metre sea level rise that would prove catastrophic to coastal
areas. Early warning signals of tipping points in the Greenland Ice
Sheet have been identified in empirical data (Boers & Rypdal, 2021),
and ~30 cm sea level rise from Greenland may already be locked in,
regardless of emissions scenario (Box et al., 2022).

What’s new

In GTPR23, GrlIS was assessed as a tipping system with high
confidence, with high confidence too in it involving abrupt / large rate
change and irreversibility over decadal/centennial timescales, and a
threshold range of 0.8-3°C of global warming (Winkelmann, Steinert
& Armstrong Mckay et al., 2023).

Since GTPR23, there have been several new publications relevant to
this system. Recent observations have shown ongoing mass loss from
the GrlS, with 196 + 37 km3/yr of volume lost between 2010 and 2022
(Ravinder et al., 2024) and widespread accelerated calving across the
GrlS from 1985 (Greene et al., 2024), as well as increased crevassing
associated with an acceleration of ice flow at the marine-terminating
sectors of the GrIS (Chudley et al., 2025). There has also been an
increase in extreme melting event frequency and intensity across the
GrlS since 1950 (Bonsoms et al., 2024).

The irreversibility of ice loss from the GrlS in a fully coupled Earth
system model of intfermediate complexity is highlighted in Honing et
al. (2024), which finds that once the southern GrlIS has melted with

a mass loss of greater than 0.4 m SLE, total regrowth would require
atmospheric greenhouse gas concentrations below pre-industrial
and timescales in the order of 10,000s years. While carbon dioxide
removal fechnologies would be required to bring global warming levels
down to below +1.0°C, such technologies at scale are hypothetical
and strong ambitions to curb emissions are the most important way
to prevent the GrlS from crossing a tipping threshold. Another recent
study (Petrini et al., 2024) suggests that a global mean warming of
3.2-3.4°C above pre-industrial levels could result in a near full melt of
the GrlS. Again this would unfold over 1,000s-10,000s of years. The
higher the temperature forcing, the shorter the timescale of collapse.
This analysis also suggests that the topography of the central west of
Greenland may play a role in stabilising the GrlS (Petrini et al., 2024).

Based on this new research, the GTP community maintains its
assessment of GrlS being a tipping system with high confidence, with
an updated threshold range of 0.8-3.4°C.
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Antarctic Ice Sheet

What itis

The Antarctic Ice Sheet (AIS) can be divided into the mostly marine-
based West Antarctic Ice Sheet (WAIS), the marine-based sectors of
East Antarctica, and the non-marine regions of the East Antarctic Ice
Sheet (EAIS), on account of the differing dynamics and temperature
thresholds associated with their tipping. The response of the Antarctic
Ice Sheet—the largest source of long-term sea-level rise—to global
warming remains poorly constrained, and large uncertainty regarding
its future contribution to global sea-level rise remains (Seroussi et al.,
2024; Levermann et al., 2020). The AIS responds extremely slowly

to changes in its surrounding climate, so that the full consequences

of past and ongoing warming may take centuries or longer to fully
unfold (Clark et al., 2016; Klose et al., 2024). Nevertheless, Antarctica
is already today losing mass and contributing to sea-level rise

(IMBIE team, 2018), with losses projected to accelerate even if global
temperatures were stabilised at today’s levels (Reese et al., 2023).

The WAIS is separated from the EAIS by the Transantarctic Mountains
and holds enough ice fo raise sea levels by ~5 m. Unlike the EAIS,
which largely rests on bedrock above the sea level, the majority of
the WAIS rests on a bed well below sea level, making it especially
vulnerable to ocean warming (either directly or by changes in ocean
circulation). In contrast to the GrlS, much of the coast of Antarctica

is fringed by floating ice shelves, which create a vulnerable point of
contact with the ocean. These connections to the ocean, as well as
the fact that most of its ice is resting below the sea level, make the
WAIS much more vulnerable to climate warming than the EAIS. A
collapse of the WAIS would lock in long-term sea-level rise on the
order of 3-5 meters, depending on collapse extent (Garbe et al.,
2020). At current temperatures, a partial WAIS collapse may already
be unavoidable in the long term (Reese et al., 2023). Evidence exists
for the collapse of the WAIS during past warm periods, such as

the last interglacial (DeConto and Pollard, 2016; Sutter et al., 2016;
Turney et al., 2020; Thomas et al., 2020; Weber et al., 2021) and the
Pliocene when temperatures were ~2-3°C warmer than pre-industrial
(Naish et al., 2009; Grant et al., 2019; DeConto et al., 2021). Several
potential mechanisms for WAIS tipping have been proposed. One
likely candidate for WAIS loss is Marine Ice Sheet Instability (MISI),
when the grounding line sits on a slope that deepens into the ice
sheet interior. When the ice retreats inland the greater ice thickness
means that more ice flows into the ocean This causes additional
thinning and retreat, resulting in a self-accelerating loss until the ice
reaches a stable point (often a higher bedrock elevation) (Weertman,
1974; Schoof, 2007; Mengel and Levermann, 2014; Feldmann and
Levermann, 2015; Garbe et al., 2020). Another proposed feedback
mechanism is Marine Ice Cliff Instability (MICI), whereby ice shelf
collapse creates inherently unstable tall marine-terminating ice cliffs,
which in turn rapidly collapse and cause a self-reinforcing feedback
of ice recession, which only terminates when ice cliff is buttressed or
the water shallows (DeConto et al., 2021). However, this feedback has
not been observed in Antarctica (yet) and there is much less scientific
consensus on this instability than MISI.

Marine-based ice-sheet sectors (like much of the WAIS) also exist

in East Antarctica, including in the Wilkes, Aurora, and Recovery
subglacial basins. They are potentially vulnerable to the same tipping
dynamics as WAIS, including the MISI and the MICI (Morlighem et al.,
2020; Stokes et al., 2022). However, unlike the WAIS, palaeorecords
of previous interglacials as well as models still carry large uncertainty
with regard to their vulnerability. However, most studies suggest that
the critical temperature threshold of EAIS marine-based sectors is
above that of the WAIS or the GrlS.
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Beyond its marine basins, the majority of the EAIS lies above sea level,
containing an ice amount equivalent to ~34 meters of global sea level
rise (Pritchard et al., 2025). As they have no connection to the ocean,
these parts of the ice sheet are not vulnerable to the instabilities of
marine-based ice. However, although less vulnerable than the GrIS
due to its thermal isolation and its location over the pole, the EAIS is
susceptible fo the melt-elevation feedback, which might cause self-
sustained and irreversible ice loss in the long term (perhaps multiple
millenia) if temperatures exceed 6°C of global warming (Garbe et al.,
2020). Under current projected warming scenarios, only modest ice
loss is expected from this part of the ice sheet, and models suggest an
excess of 10°C warming might be needed to lead to complete ice sheet
loss (Garbe et al., 2020). Crucially, if the ice sheet were to be lost,
there would likely be strong hysteresis, requiring far greater cooling
for the ice sheet fo be restored.

What's new

WAIS was previously identified as a tipping system with high
confidence, with a high likelihood of abrupt / large rate change and
irreversibility on a decadal/centennial timescale, with an associated
temperature threshold of 1-3°C. Marine-based East Antarctica

was identified as a tipping system with high confidence, with a

high confidence in abrupt / large rate change and irreversibility on

a decadal/centennial fimescale, with an associated femperature
threshold of 2-6°C. Non-marine based East Antarctica was identified
as a medium confidence tipping system, with a high confidence in
abrupt / large rate change and medium confidence in irreversibility
on a decadal/centennial timescale, with an associated temperature
threshold of 6-10°C (Winkelmann, Steinert & Armstrong Mckay et al.,
2023). Since GTPR23, there have been numerous publications which
are relevant to the science of ice sheet tipping points for the WAIS,
marine-based and non-marine based EAIS, and across the whole
Antarctica. We shortly highlight these new studies below for the AIS as
a whole, and for West and East Antarctica separately.

Across the whole of Antarctica

On potential thresholds, an ice sheet model forced by different climate
model simulations of the warm mid-Pliocene (3-3.3 million years
ago) compared with warming stabilised at current levels indicates
that WAIS collapse occurs with a modest 0.5-1°C of ocean warming
above pre-industrial, while the East Antarctic Wilkes Subglacial Basin
retreats at a higher level of around 3°C oceanic warming (depending
on precipitation changes) (Blasco et al. 2024). Using an ice-sheet
model, Coulon et al. (2024) identify a threshold of +7.5°C warming
above pre-industrial to amplify melt-elevation feedback across the
Antarctic, leading to a complete collapse of the WAIS and retreat

of the marine EAIS. Recent simulations in a coupled climate-ice-
sheet model also support strong hysteresis of the Antarctic Ice Sheet
driven by melt-albedo feedback with associated critical thresholds
of atmospheric CO, levels for Antarctic Ice Sheet loss (Leloup et al.,
2025). Lastly, considering evidence from previous warm periods, ice
sheet mass balance observations, and models, Stokes et al. (2025)
recently argued that the current warming level is high enough to see
substantial loss of ice sheets, and that a long-term limit of 1°C, or
lower, above pre-industrial levels is necessary to avert substantial ice
sheet loss.

On potential tipping dynamics, further modelling studies have
supported the committed nature of sea level rise from Antarctic Ice
Sheet loss (Alevropoulos-Borrill et al., 2024), including some degree
of committed sea level rise from having potentially passed a tipping
point in the Amundsen Sea sector of West Antarctica (Bett et al.,
2024) (although a modelling study by Hill et al. (2023) found that a
tipping point has not yet been crossed). The sensitivity of ice sheets to
intrusion from warmer sea water is identified as an underestimated
cause of tipping points in one model (Bradley & Hewitt, 2024). Ice
sheet modelling shows that basal water conditions can bring forward
tipping points by up to 40 years (Zhao et al., 2025). Atmospheric
extreme events - often associated with atmospheric rivers, which

are responsible for 50-70 per cent of extreme snowfall events in
Antarctica, as well as being involved in the Larsen A and B ice shelf
collapses during surface melting events - are not resolved by current-
generation models, and could potentially result in faster melting than
expected (Kolbe et al., 2025; Wille et al., 2025).

West Antarctica

There is further evidence that the WAIS is committed to long-term
collapse at current or near current temperature levels (Van den Akker
et al. 2025; Chandler et al., 2025), with each additional fraction of
warming increasing the likelihood that collapse could be initiated much
sooner. Recent studies show that the WAIS is particularly vulnerable

to ocean warming and grounding line retreat (Hill et al., 2024; Rignot
et al. 2024). In the ISMIP6 ensemble of 16 ice flow models up to 2300,
Seroussi et al. (2024) found a retreat of the WAIS leading to a rapid
increase in sea level rise after 2100, reaching up to 4.4 m SLE by 2300
under high-emission scenarios. Offshore sediment cores also indicate
that West Antarctica remained ice-free during the initial formation

of the Antarctic Ice Sheet following the Eocene-Oligocene Transition
around 34 million years ago, implying lower temperatures are required
for WAIS formation as well as loss (Klages et al., 2024).

Recently, a study using three ice sheet models showed that the WAIS
might be less vulnerable to MICI than previously thought (Morlighem et
al., 2024). Additionally, ice core data suggests that the West Antarctic
Ronne Ice Shelf survived the Last Interglacial (approximately 125,000
years ago) when regional Antarctic tfemperatures were higher than
today (Wolff et al, 2025), thus suggesting the WAIS may be less
sensitive to MICI than previously suggested. Conversely, a study
currently under review uses empirical data to suggest that MICI may
be sensitive o parameters other than cliff height, such as ice thickness
gradients, and if these parameters were better resolved in models
more future cliff-calving may be projected (Needell, Walker and
Bassis, under review). Additionally, other mechanisms could still lead
to a tipping point, and there is still uncertainty around the timing of
this (Fricker et al., 2025).

East Antarctica

Hydrological feedbacks, associated with meltwater flowing beneath
the ice sheet, which could accelerate ice loss in East Antarctica, are
identified in a recent coupled ice sheet-subglacial hydrology model
(Pelle et al., 2024). This suggests that models without these feedbacks
could underestimate future sea level rise. EAIS vulnerability is shown
through the recent sudden disintegration of the Conger-Glenzer

Ice Shelf, which is mapped with remote sensing data in Walker et al.
(2024).

Summary

Based on this new research, the GTP community maintains its
assessment of the WAIS being a tipping system with high confidence
(with high agreement across robust evidence). We also assess that
the current lower-end threshold estimate for WAIS of 1°C may be
too high to be considered a safe long-term limit (Arthern & Williams
2017; Seroussi et al., 2017; Garbe et al., 2020; Golledge et al., 2027;
Reese et al., 2023; Van den Akker et al., 2025; Stokes et al., 2025), and
while the exact lower limit is hard to determine, a precautionary limit
of 0.5°C would be appropriate. We also maintain our tipping system
assessments for marine-based EAIS as high confidence, and non-
marine based EAIS with medium confidence.
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Seaice

What itis

When seawater cools below the freezing point in each hemisphere’s
autumn to spring, it begins to form a layer of floating sea ice. Large
areas of highly reflective (i.e. high albedo) white sea ice helps amplify
regional cooling, and conversely reduced sea ice extent with global
warming is one of the drivers of the ‘Arctic amplification’ of warming.
This feedback was originally thought to lead to a tipping point

beyond which sea ice loss becomes self-sustaining (e.g. Lenton et

al., 2008), but more recent work instead expects quasi-linear seaice
loss with warming as a result of counteracting negative feedbacks
serving to dampen ice loss (e.g., Gregory et al., 2002; Winton, 2006;
Winton, 2008; Notz, 2009; Tietsche et al., 2011; Mahlstein and Knutti,
2012: Wagner and Eisenman, 2015). However, there remains some
possibility of sea ice tipping in certain regions and circumstances, such
as around Antarctica (Winkelmann, Steinert & Armstrong Mckay et al.,
2023).

What’s new

In GTPR23, Arctic summer sea ice was assessed as not a tipping
system with high confidence, Arctic winter sea ice as not a tipping
system with medium confidence, and Barents sea as not a tipping
system with low confidence. In contrast, Antarctic sea ice was
assessed as unclear, with more evidence required fo make an
assessment (Winkelmann, Steinert & Armstrong Mckay et al., 2023).

Since GTPR23, several new publications have advanced
understanding of sea ice tipping dynamics. Heuzé & Jahn (2024)
showed through model simulations that the Arctic Ocean could
experience its first entirely ice-free summer day before 2030 under
scenarios of continued warming, emphasising that while ice loss

is accelerating, it remains largely linear and influenced by acute
warming events rather than tipping points. Selivanova et al. (2024)
confirmed significant ongoing reductions in Arctic summer sea ice
extent and thickness, projecting nearly ice-free summer conditions
by the 2040s, indicating a regime shift to a thinner, more transient
summer ice cover, but without identifying irreversible thresholds.
However, species and ecosystems dependent on sea ice are less
recoverable.

In the Barents Sea, Onarheim et al. (2024) documented recent
localised thickening due to tfemporary cooler conditions, emphasising
regional variability and responsiveness to short-term climatic
fluctuations rather than sustained recovery or tipping behavior.

This is a mixed picture on whether Arctic winter sea ice might reach a
tipping point or not. Recent winter ice reductions in the Barents-Kara
Seas have resulted largely from anthropogenic forcing rather than
feedbacks, though significantly amplified by internal climate variability
(Siew et al., 2024). Wunderling et al. (2024) reviewed potential tipping
interactions, noting winter Arctic sea ice might exhibit threshold-like
behavior linked to ocean-ice feedbacks and the Atlantic Meridional
Overturning Circulation. However, they noted that current evidence
does not yet support an irreversible collapse of Arctic winter sea

ice. At the same time, abrupt reductions remain plausible at certain
warming thresholds, even if these are not feedback-driven tipping
events, as indicated in recent CMIP6 analyses (Terpstra et al., 2025).

Other recent work suggests the potential for tipping behaviour in
winter seaice. In a sea ice model, Hankel & Tziperman (2023) show a
clear bifurcation: beyond a critical forcing the winter-ice equilibrium
vanishes, driving an abrupt, hysteretic transition to a permanently
ice-free Arctic. Observationally-constrained detection studies further
show that CMIP6 still underestimates greenhouse-gas control on
sea-ice loss, implying the threshold for year-round ice collapse lies
closer to today’s climate than CMIP5 suggested (Kim et al. 2023).
Finally, carbon-removal ensemble experiments indicate that even
after CO, is drawn back to pre-industrial levels, most models retain an
approximate 1 million k? winter-ice deficit — evidence of incomplete
recovery and long-lived hysteresis (Yu et al. 2025).

Antarctic sea ice has shown alarming trends recently, with a gradual
increase up to 2014 broken by a precipitous decline beyond natural
bounds of variability since, rivalling Arctic losses (Abram et al., 2025).
2023 saw a record-low extent, attributed to anomalously warm

ocean conditions and unusual wind patterns (Espinosa et al., 2024).
Raphael et al. (2025) found compelling evidence of a structural
regime shift in Antarctic sea ice since the mid-2010s, characterised by
unprecedented consecutive low-ice events and decreased recovery
capability, signaling potential tipping behavior. Recent improvements
in satellite observations have also revealed a reversal in surface
freshening in the Southern Ocean, with increasing salinity since 2015
associated with reduced stratification, which could accelerate sea ice
loss through increased ocean heat loss (Silvano et al., 2025). Abram et
al. (2025) proposes that the Antarctic sea ice regime shift may feature
self-perpetuating dynamics even below 2°C, but it is not yet clear if
future projections of decline reflect this or lagged ocean warming.

Recent analysis of abrupt shifts in CMIP6 model results suggest abrupt
shifts in Arctic summer sea ice occur in some simulations between 1.0
and 4.6°C, in winter sea ice between 2.4 and 5.4°C, and in Barents

sea ice between 1.3 and 2.3°C (Terpstra et al., 2025; Angevaare &
Drijfhout, in review) (see Table A2.2.1in Appendix for details). Similarly,
abrupt shifts are also detected around Antarctica in a number of
simulations between 0.5 and 5.3°C. However, these abrupt shifts are
not necessarily fipping points without confirming self-perpetuating
dynamics.

Based on this new research, the GTP community maintains its
assessment of Arctic summer sea ice and Barents Sea ice as not
tipping systems. Arctic winter sea ice is assessed as uncertain
regarding tipping point behavior, as while recent studies suggest
there are possible threshold effects and rapid ice loss from significant
warming, there is not yet strong proof that this would be irreversible
due to self-perpetuating feedbacks. Improved modelling and longer
observations of sea ice will help to clarify potential tipping dynamics.
We also maintain our assessment of Antarctic sea ice potentially
exhibiting tipping behavior as uncertain, reflecting that while there is
mounting evidence of a fundamental and possibly irreversible shift

in Antarctic sea ice conditions (Raphael et al., 2025), and there are
feedbacks that could potentially sustain this shift (Silvano et al., 2025),
there is insufficient research confirming the dynamics involved and the
likely endpoint.
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Mountain glaciers

For more on tipping points in glaciers, see
4.4 Mountain glaciers case study

What it is

Outside of the ice sheets of Greenland and Antarctica, ice bodies
occur as mountain glaciers, gaining ice in higher altitudes before
flowing to lower altitudes where they lose mass. In general glaciers
are shrinking and projected to shrink further with global warming, but
this mass balance is subject to various feedbacks with the potential
for nonlinear responses to a changing climate as a result (Marzeion

et al., 2018; Hock et al., 2019; Meredith et al., 2019; Rounce et al.,
2023). These feedbacks include changing flow rates from increased
meltwater generation, increased retreat of calving glaciers from a
warming ocean, drop of glacier surface elevation increasing melt
rates and possibly also decreasing snow accumulation, and increased
dustiness and surrounding vegetation reducing local albedo. Under
certain circumstances the above feedbacks can result in self-sustained
mass loss of individual glaciers (Winkelmann, Steinert & Armstrong
Mckay et al., 2023). Although these feedbacks act mainly on local
scales, there is on average a tendency for regional similarities and
thus synchronous transitions between different states of glaciers and
their downstream impacts.

What's new

In GTPR23, mountain glaciers were assessed as a tipping system

at the regional scale with medium confidence, but as not a tipping
system at the global scale with medium confidence (Winkelmann,
Steinert & Armstrong Mckay et al., 2023). This assessment has

since been confirmed by a number of further considerations and
studies. The most recent global-scale compilation of glacier mass
loss (The GlaMBIE team, 2025) found that glaciers worldwide lost
273+16 gigatonnes annually from 2000 to 2023, with an increase

of 36 £10 per cent from 2000-2011 to 2012-2023. These numbers
correspond to a loss of between 2 and 39 per cent of regional glacier
ice mass, about 5 per cent globally. The glacier mass loss found has
already passed the IPCC AR6 lowest mass-loss projections over the
period from 2000 to 2040. Glacier mass loss 2000-2023 is about 18
per cent larger than the mass loss from the Greenland Ice Sheet and
more than twice that from the Antarctic Ice Sheet. A recent global
glacier modelling intercomparison (Zekollari and Schuster et al., 2025)
highlights the substantial regional diversity of already committed and
further equilibrium response of glaciers worldwide, supporting the
GTPR assessment of glaciers being tipping systems at regional scale,
rather than global.
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While GTPR23 focused mainly on processes of glacier dynamics and
mass balance, also the atmospheric forcings behind glacier mass
changes underlie nonlinear behaviour, that in turn can then cause
nonlinear glacier development. Temperature-precipitation relations
are weakly understood and quantified (Ding et al. 2014). While in some
glacier regions the increased humidity of the warming atmosphere
leads to increased snowfall and accumulation, in other cases
precipitation undergoes a transition to a higher percentage of the
liquid phase (Hock et al., 2019). In addition to changes in the regional
atmospheric forcing, glacial landscape changes such as glacier area
loss, exposure of rock and debris, formation of lakes, or increased
vegetation cover will change temperature and wind patterns (Shaw et
al. 2023). The feedback of these changes on the glaciers themselves
is poorly understood, including for instance the transition between
sublimation-dominated to melt-dominated glacier ablation regimes
(Marshall 2021). The shift of polythermal glacier regimes (a mixture
of ice zones at and zones below the pressure melting point) to
temperate thermal regimes (all ice at pressure melting point) is also
expected with atmospheric warming, but associated processes and
consequences, for instance on meltwater refreezing, runoff, glacier
dynamics and even mechanical glacier stability (Gilbert et al. 2018),
are little understood (Marshall 2021).

Bolibar et al. (2022) suggest a number of nonlinearities in the relation
between temperatures and snowfall, melt and in particular their
positive and negative extremes that impact glacier mass balance.
The combined impacts of these nonlinear changes in individual
forcings can compensate each other towards quasi-linear behaviour.
The latter overall forcing combines then with feedbacks related to
glacier topography. In that context, Bolibar et al. (2022) point out

the particularly important differences between mountain glaciers,
which can retreat to higher average elevations where melt rates

are reduced (negative, self-stabilising feedback, GTPR23), and flat
glaciers (on global average the ones with largest ice volumes), where
mass loss reduces average surface elevation and enhances melt rates
(positive feedback, GTPR23). Studies for Alaska glaciers confirm
GTPR23 findings that topographic controls, in particular elevation
distributions, on surface mass balance of ice fields and glaciers can
lead to tipping behavior on local to regional scales (Davies et al.,
2022; Davies et al, 2024). The causes and impacts of glacier tipping
at the local- fo regional scale are explored in the case study on tipping
dynamics in an Alaskan (USA) glacial system.

Based on these considerations and new research, we maintain

our assessment of mountain glaciers being a tipping system at the
regional scale with medium confidence, but as not a tipping system at
the global scale (medium confidence).
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Permafrost

What itis

Permafrost consists of ground frozen for at least two consecutive
years (Harris et al., 1988), and underlies about 14 million km? (15 per
cent of the land surface area) in the Northern Hemisphere (Obu, 2027;
Steinert et al. 2023). Freezing prevents organic matter from tundra

or boreal forest ecosystems entering the soil from decomposing,
resulting in the buildup of over ~1000 GtC in the tfop 3m of permafrost
soils on land (Hugelius et al., 2014). However, global warming is
leading to some of this permafrost beginning to thaw, allowing the
preserved organic matter to degrade and emit greenhouse gases in
the process, primarily as CO, but with a proportion as high-warming
methane where permafrost is waterlogged (Walter Anthony et

al., 2014). Much of the carbon loss is likely irreversible due to the

slow formation timescales of permafrost and sustained microbial
decomposition of previously frozen organic matter, leading to
continued carbon emissions over centennial o millennial fimescales
and reinforcing warming through a positive feedback loop (Schwinger
et al. 2022; de Vrese & Brovkin et al. 2021; Park et al. 2025; Ji et al.
2025). Furthermore, permafrost thaw does not occur uniformly,

as some areas experience localised abrupt thaw, leading o rapid
carbon loss and landscape destabilisation, i.e., degradation of ice-rich
permafrost, and subsequent rapid slope slumping, ground subsidence
and the formation of thermokarst landscapes. These processes could
amplify emissions by 40 per cent under high emission scenarios but
are not currently represented in Earth system models (Turetsky et al.
2020). While large-scale permafrost thaw is gradual, these regional
abrupt thaw processes involve positive feedbacks such as thermokarst
formation that can lead fo self-sustained thawing processes, allowing
for localised tipping to take place (Nitzbon et al., 2020). However, at
the regional to global scale permafrost thaw is expected to aggregate
to a quasi-linear response to global warming (Nitzbon et al. 2024).

What’s new

In GTPR23, land-based permafrost was assessed as a tipping system
at the regional scale (medium confidence), but not as a tipping system
at the global scale (medium confidence). Equally, subsea permafrost
was not identified as a tipping system (medium confidence)
(Winkelmann, Steinert & Armstrong Mckay et al., 2023). Since
GTPR23, several new publications have advanced understanding of
permafrost thaw in the context of tipping dynamics.

Evidence suggests that permafrost thaw remains characterised

by multiple regional-scale tipping processes, including abrupt
thermokarst lake formation and slope slumping, rather than
exhibiting a single global tipping threshold (Nitzbon et al., 2024). A
recent analysis of CMIPé model results identified individually small
but widely distributed (collectively aggregating to over >1M km?)
abrupt shifts in land permafrost frozen soil moisture content in eight
models between 1.0 and 3.8°C of global mean warming, and in soil
frozen water content in 19 models between 1.2 and 3.3°C (Terpstra et
al., 2025) (Table A2.2.1). Localised, abrupt thaw events (Webb et al.
2025) contribute cumulatively but gradually at the global level, thus
reaffirming that permafrost degradation progresses incrementally
and heterogeneously. The presence of multiple steady states in
permafrost systems indicates the potential for local tipping of
ecosystems and soil carbon storages on centennial timescales (Brovkin
et al. 2025). Further, Earth System simulations suggest that changes
in permafrost hydrology can gradually, rather than abruptly, impact
hydroclimate in the tropics and subtropics. The permafrost soil state
and consequential carbon fluxes of such processes have the potential
to be underestimated in low-resolution climate models (Schickhoff et
al. 2024).

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT 2025

Recent findings from NOAA's 2024 Arctic Report Card (2024)
revealed that Arctic tundra ecosystems have shifted to net carbon
sources earlier than projected, driven by intensified permafrost thaw
and record wildfire seasons. This transitioning of Arctic ecosystems
from carbon sinks to sources is amplifying climate feedbacks at
regional scales. A previously overlooked feedback mechanism linking
permafrost thaw fo reduced cloud cover, amplifying Arctic warming
and its global impacts was identified by de Vrese at al. (2024).

Localised abrupt thaw expose deeper layers of organic material o
microbial decomposition, significantly increasing emissions in a short
period, and significantly contributing fo methane emissions from
inundated areas (Park et al. 2025), while emissions from deep Arctic
lake sediment could be more substantial than previously thought
(Freitas et al. 2025). As such, abrupt thaw hotspots across the Arctic
highlight the vulnerability of permafrost regions even under present-
day conditions. Using the CESM2 model coupled with CLM5, Park

et al. (2025) further determined that permafrost carbon emissions
will persist for centuries even under scenarios of aggressive climate
mitigation and net-negative emissions. Their model simulations
indicate irreversible commitments to continued carbon release from
thawed permafrost, further reinforcing the long-term implications of
regional tipping processes.

A warming Arctic enhances the risk of causing localised abrupt thaw
and increases its magnitude and therefore also increases the risk

of tipping cascades, where permafrost degradation - in addition

to its carbon-climate feedback - interacts with other Earth system
components, such as boreal forest dieback (Alfaro-Sanchez et al.
2024), including wildfire occurrence (Kim et al., 2024) or a modified
ocean circulation (Schwinger et al. 2022, Park et al. 2025, Steinert

et al. 2025) and carbon uptake efficiency (Nielsen et al. 2024),
potentially accelerating global climate change. Further, adaptive
emission driven MPI-ESM simulations show that, while average annual
permafrost carbon emissions of ~0.3-0.7 GtC/yr are small compared
to present-day fossil fuel emissions (~10 GtC/yr), permafrost thaw can
still reduce the carbon budget by ~11-13 per cent by 2300 under 2°C or
3°C warming scenarios (Georgievski et al., 2025).

Based on this new research, the GTP community maintains its
assessment of land-based permafrost as a tipping system at the
regional scale with medium confidence, reflecting ongoing evidence of
localised tipping processes. It also maintains medium confidence that
subsea permafrost is not a tipping system, as well as that land-based
permafrost is not a tipping system globally, given the absence of a
unified global threshold.
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2.2.6 Potential tipping points in the biosphere

The ‘biosphere’ consists of all life on Earth and includes the major In this section, we describe each of these biomes, their evidence for
biomes of tropical, temperate, and boreal forests, more open tipping dynamics, and relevant new research in turn. Based on this,
ecosystems across grasslands, savannas, and drylands, and aquatic we have reassessed the status of several systems, including lowering
ecosystems across freshwater, coastal, and marine environments. the minimum warming threshold for the Amazon, adding river deltas

and peat bogs as potential tipping systems, and clarifying local-
to regional-scale dynamics in the Congo and temperate forests
(Figure 2.2.3).
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Figure 2.2.3: Map of biosphere systems considered in this chapter. Systems are marked by the coloured areas, with ferrestrial biomes and
mangroves based on biogeographic biomes (Dinerstein et al., 2017), and lakes and ocean biomes on IUCN functional biomes (Keith et al., 2022)
(lakes are shown over other biomes for tundra only; fisheries are spread across the global ocean, but are marked only on key coastal seas for
simplicity (Steinert, 2023)). Labels indicate which of the systems are in this report considered a tipping system (+++ high confidence, ++ medium
confidence and + low confidence), which are not (- - - high confidence, - - medium confidence and - low confidence), and which are currently
uncertain (V).
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Tropical forests

What itis

Known for their high levels of biodiversity (Slik et al., 2015; Pillay et
al., 2021; Aguirre-Gutiérrez et al. 2025), tropical forests cover ~1.95
billion hectares and store substantial amounts of carbon within their
biomass and soils (circa 471 +/- 93 GtC) (Pan et al., 2011; SPA, 2027;
Ornetto et al., 2022). They form a key part of the interconnected
Earth system and have far reaching impacts on the climate through
evapotranspiration and cloud formation. They are mainly threatened
by deforestation, for example to create pastures, land-cover
change, for example to plantations, and droughts and wildfires being
worsened by climate change (Sternberg, 2001; Franco et al., 2025).
There are many tropical forest feedbacks, but two key positive
feedback mechanisms, acting at different spatial scales, have been
identified which may drive tipping points in tropical forests: the
forest-rainfall feedback at regional scales and the fire-vegetation
feedback at local scales (Flores & Staal, 2022; A. McKay, Sakschewski
& Roman-Cuesta et al., 2023). The forest-rainfall feedback operates
at aregional level, with moisture being recycled throughout tropical
forests, thus reducing the impact of rainfall variability on forest
health; however deforestation and climate change-induced drought
extremes can reduce this moisture recycling and force the forest
towards a tipping point (Staal et al., 2020). This feedback is present
in the Amazon (Zemp et al., 2017; Staal et al., 2018) and Congo forests
(Staal et al., 2020), however it is less important in Southeast Asian and
Australasian rainforests where ocean-derived rainfall is plentiful. At a
local level, the fire-vegetation feedback can cause a transition from
tropical forests to a more open state (such as savanna or degraded
dry forest). Less dense tree cover can lead to increased likelihood

of fires due to the spread of grasses and local drier air, thus further
reducing tree cover (Cochrane et al. 1999).

What’s new

Global

Remote sensing by satellites of major forest disturbances (mainly
wildfires and droughts) were recently used to calculate a hydrologic
sensitivity index, establishing critical thresholds beyond which forest
loss drives drastic changes in water yield and climate conditions
(Dominguez-Tuda & Gutiérrez-Jurado, 2024). In tropical rainforests, a
threshold near 16 per cent tree cover reduction at local-to-landscape
scales was identified, beyond which water yields notably decrease and
warming trends intensify.

Amazon rainforest

For more on tipping points in the Amazon rainforest, see
4.1 TheAmazon rainforest case study

In GTPR23, the Amazon rainforest was assessed as a tipping system
with high confidence at the local scale, medium confidence at the
regional scale and low confidence at the continental scale, with
medium confidence in it involving abrupt / large rate change, medium
confidence in irreversibility over decadal/centennial timescales, and a
threshold range for dieback of 1000-1250 mm mean annual rainfall,
~400 to ~450 mm maximum accumulated water deficit, a dry season
length of 7-8 months, deforestation levels of 20-40 per cent and
~3.5°C (2-6°C) of global warming (A. McKay, Sakschewski & Roman-
Cuesta et al., 2023).
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Since GTPR23, the Amazon has faced droughts and extreme warmth
associated with the 2023-24 El Nifio event, which has led to water
stress, increased fires, and reduced greenness (Jiménez et al., 2024).
A major recent synthesis of research on the potential for critical
transitions (such as dieback) in the Amazon forest found that by 2050
the potential effects of compounding disturbances on Amazonian
systemic resilience could see around 10-47 per cent of Amazon forests
facing combined stresses beyond critical thresholds, potentially
triggering irreversible regime shifts and exacerbating regional
climate change (Flores et al., 2024). Based on this, Flores et al. (2024)
suggested precautionary limits of 1.5°C and 10 per cent deforestation
(requiring restoration of 5 per cent of the biome) to avoid broad-scale
ecosystem transitions, the latter reduced from the 20-25 per cent
precautionary limit of Lovejoy & Nobre (2018).

Similarly, under review modelling suggests that while regional dieback
would occur at 3.7-4.0°C without deforestation (in line with A. McKay
et al. (2022)), deforestation reaching 22-28 per cent of current
forest extent would reduce the warming threshold to 1.5-1.9°C of
global warming and make dieback more widespread (Wunderling

et al., in review). Recent analysis of abrupt shifts in CMIP6 model
results detected some abrupt shifts in Amazon vegetation between
0.9 and 5°C (Terpstra et al., 2025) (Table A2.2.1), but they were not
consistent across models, and do not necessarily represent tipping
dynamics. Running CMIP5/6 models until 2300 and including slower
transitions reveals localised to regional scale dieback in nine out of
twelve models, with location and thresholds (global warming 1.5-
10.2°C, local surface air temperatures >32.2 + 4.8°C, precipitation
<1394.3+306.0 mm/yr) highly model-dependent (Melinkova et al.,
2025).

A simpler land-surface-atmosphere model has found that under
projected rainfall decreases deforestation of 45 and 55 per cent

could trigger dieback, but this model did not feature spatial

variation or more complex vegetation dynamics (Hajdu et al., 2025).
Conversely, Yoon & Hohenegger (2025) found that better representing
atmospheric convection in a storm-resolving model limited rainfall’s
sensitivity to deforestation, although only in a short simulation. Under
high emission scenarios, it has been estimated that more than 25 per
cent of the forest in Central Amazonia could become a net carbon
source under high emission scenarios, with drying trends reducing
biomass and triggering regime shifts particularly if eastern Pacific
temperatures rise >1.5°C (globally, >2.3°C) (Nath et al., 2024), while
based on estimates of root zone moisture storage the area of forest at
risk of regime shifts jumps by ~1.7-5.8 times (relative to <2°C warming)
(Singh et al., 2024).

Potential ‘early warning signals’, in the form of ‘slowing down’ in
system response to disturbances which can indicate resilience loss
prior to a tipping point, have previously been identified in the Amazon
in empirical data (Boulton et al., 2022) and models (Boulton et al.,
2013; Bochow & Boers 2023). However, recent studies have found a
more heterogeneous or unclear response of forest resilience than
earlier estimates, while other co-drivers of resilience loss can mask
slowing down (Blaschke et al., 2024; Grodofzig et al., 2024; van
Passel et al., 2024). Despite this, more widespread resilience loss is still
expected due to climate change in the future, and areas with greater
deforestation or disturbance are already less resilient (Wang et al.,
2024) and leading to greater seasonality in rainfall in those regions
(Qin et al., 2025).

In GTPR23 the potential impacts of AMOC slowdown or collapse on
the Amazon Rainforest were unclear, but several new studies have
shone new light on this (see the Interactions & Cascades section).
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Based on this new research, the GTP community maintains its
assessment of the Amazon rainforest being a tipping system with

low confidence at the continental-scale, medium confidence at the
regional-scale, and high confidence at the local-scale (with robust
evidence but low to medium agreement). While evidence has grown
for larger-scale tipping, particularly on the basis of the assessment of
Flores et al. (2024), and we now have high confidence in irreversibility
over decadal/centennial timescales, continued model limitations and
disagreements over location and thresholds limits current confidence
level. However, we lower the minimum warming threshold from 2

to 1.5°C based on recent assessments of warming/deforestation
synergies (Flores et al., 2024; Wunderling et al., in review; Melinkova
et al., 2025), with the lower end of this range more likely when
considering both warming and deforestation.

Congo rainforest

In GTPR23, the Congo rainforest was assessed as a tipping system
with low confidence at the local scale, but unlikely to tip as a result

of climate change, with low confidence in it involving abrupt / large
rate change, low confidence in irreversibility over decadal/centennial
timescales, and a threshold range of ~1350 mm mean annual rainfall
(A. McKay, Sakschewski & Roman-Cuesta et al., 2023). Since then,
remote-sensing based assessments of local-scale bistability of high
and low tree cover in the Congo have been refined (Zwaan et al.,
2024). While the hypothesis of local-scale bistability is supported
(Staver et al., 2011; Aleman et al., 2020), the results indicate that
transitions between closed forest and open savanna could instead
pass through a state of coexistence, which would likely smoothen

out tipping points between these states over larger spatial scales. In
contrast, estimates based on root zone moisture storage project that
the Congo Basin forest area at risk of critical transitions grows by
~0.7-1.7x under higher warming scenarios (relative to <2°C warming)
(Singh et al., 2024).

Based on consistent evidence for bistability but continued limited
agreement and evidence for wider scale tipping dynamics under
future climate projections, we maintain our assessment of it being

a low confidence tipping system at the local scale, and add that it is
uncertain at regional scales. Overall, tipping may be more localised in
comparison to the Amazon (Zwaan et al., 2024).

Southeast Asian rainforest

The Southeast Asian rainforest was assessed in GTPR23 as an
uncertain tipping system at the local scale and not a tipping system
with medium confidence at the regional scale, with low confidence in
it involving abrupt / large rate change, low confidence in irreversibility
over decadal/centennial timescales, and a threshold range of ~1550
mm mean annual rainfall (A. McKay, Sakschewski & Roman-Cuesta et
al., 2023). In the absence of substantial new research on this area, we
maintain this assessment here.

Boreal forests & tundra

What it is

Boreal forests occupy ~1.14 billion hectares in the high latitude regions
of the northern hemisphere (Pan et al., 2011). They face disturbances
from fire and insect outbreaks, as well as logging (Kuuluvainen &
Gauthier, 2018). Situated in an area with amplified climate change,
there are two potential tipping points associated with boreal forests
- one at its northern edge, where forest may expand into the tundra,
and the other at the south, where the forest may dieback and
transition to an open steppe/prairie landscape. Southern boreal forest
dieback could be driven by the fire-vegetation feedback (Joos et al.,
2001; Lucht et al., 2006; Lenton et al., 2008; Abis and Brovkin 2017;
Rotbarth et al. 2023). With high latitude temperatures increasing,
there is evidence of increased survival rate of seedlings in the tundra
and an advancing shrubline, with potential positive feedbacks (such
as albedo and soil moisture feedback) leading to further forest
expansion (Myers-Smith et al., 2011).
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What’s new

Dieback

In GTPR23, boreal forest dieback was assessed as a tipping system
with medium confidence at the regional scale and low confidence at
the continental scale, with medium confidence in it involving abrupt
/ large rate change, low confidence in irreversibility over decadal/
centennial timescales, and a threshold of ~4°C (range 1.4-5°C) (A.
McKay, Sakschewski & Roman-Cuesta et al., 2023).

Recent simulations found that boreal forests may be shifting from the
current multi-stable state towards a unimodal semi-open state with
30-50 per cent tree cover in the coming decades (Rotbarth et al.,
2025). Such a shift would likely increase the risk of forest fires, leading
to potentially substantial releases of stored carbon. However, these
results are based only on the inferred relationship between tree cover
change and mean annual temperature, with added stochasticity to
represent process noise, and do not consider other important factors
affecting the boreal forest dynamics, such as permafrost thaw or
water and nutrient availability.

Warming will likely have consequences for boreal forest biodiversity
and the likelihood of dieback. An average increase in tree species
diversity by 12 per cent has been observed across boreal forests
between 2000 and 2020 (Xi et al., 2024). However, a negative impact
was observed in areas of extreme warming (>0.065 °C /yr), suggesting
that exceeding a certain threshold of warming could have detrimental
effects. Repeated cycles of clear-cutting in boreal forests are also
reducing old and large trees, deadwood diversity, and altering soil
composition, causing a long-term decline in species richness (Lunde at
al., 2025).

A recent satellite observations-based hydrologic sensitivity index
(Dominguez-Tuda & Gutiérrez-Jurado, 2024) indicates that areas
impacted by forest loss with a tree cover reduction higher than 18 per
cent exhibited more pronounced warming trends and a rapid rise in
hydrologic responses compared o areas with smaller losses. Similarly,
it has been shown that tree growth in Eurasian larch forests is being
increasingly limited by rising temperatures and the associated drought
stress, leading to negative response to warming (Li et al., 2023).
Recent findings also show that across northwestern North America
warming and disturbances are affecting vegetation resilience, which
declined significantly in the southern boreal forest, including some
regions exhibiting overall greening, but increased in much of the Arctic
tundra (Zhang et al., 2024).

Based on this new research, we assess that while there is some
increased evidence for dieback at the regional scale, we maintain our
assessment at medium confidence in the absence of more evidence,
and maintain low confidence at the continental scale.

Northern expansion

Boreal forest northern expansion was assessed in GTPR23 as a tipping
system with low confidence, with low confidence in it involving abrupt
/large rate change, low confidence in irreversibility over decadal/
centennial timescales, and a threshold of ~4°C (range 1.5-7.2°C) (A.
McKay, Sakschewski & Roman-Cuesta et al., 2023). Since GTPR23,
there have been several new publications relevant to this tipping
system.
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On the boreal forest’s northern edge, transitional forests located
between boreal forests and tfundra are experiencing consistent
increases in vegetation height and density (Montesano et al., 2024).
These changes are driven by Arctic amplification and are expected
to continue through 2100 across all climate scenarios. Furthermore,
a population of white spruce (Picea glauca) across an Arctic basin

in North America has been documented advancing at rates that
cannot be sustained by warming alone (Dial et al., 2022). However,
significantly reduced tree growth has also been found on thawing
permafrost in the higher latitudes of North America (Alfaro-Sanchez
et al., 2024), as trees need to invest more into remaining upright on
destabilised grounds. Recent analysis of abrupt shifts in CMIPé model
results detected some abrupt shifts in boreal vegetation between 0.8
and 4.9°C, mostly for northward expansion (Terpstra et al., 2025)
(Table A2.2.1), but they were not consistent across models, and do not
necessarily represent tipping dynamics.

Based on this new research, while there is some agreement that
climate change will likely induce tipping points in the expansion of
the boreal forest, the still limited evidence base means the GTP
community maintains its assessment of this being a tipping system
with low confidence at the regional scale.

Temperate forests

What it is

Temperate forests make up 16 per cent of the global forest area
(Hansen et al., 2010; Pan et al., 2011). The majority of temperate
forests are spatially fragmented and are managed, low biodiversity
ecosystems (Potapov et al., 2017; Sabatini et al., 2021). These
management practices are likely fo lead to large areas of forests with
a lower resilience to perturbations, with forests exposed to droughts,
heatwaves and pest outbreaks (Allen et al., 2010; Buras et al., 2019;
Billing et al., 2020; Senf et al., 2020; Zhang et al., 2021; Carnicer et
al., 2021; Benyon et al., 2023; Forzieri et al., 2022), with a potential of
widespread dieback from these. Temperate forests may experience
localised feedback dynamics from fire and bark beetle attacks in
common with boreal forests (see above). Further investigation is
required to establish the strength of the forest-moisture feedback

in temperateforests. Large uncertainties remain around whether
temperate forests may experience tipping points across a large scale
(A. McKay et al., 2022), with some assessments suggesting this is
unlikely at present (Thom, 2023).

What's new

In GTPR23, femperate forest dieback was assessed as a tipping
system with low confidence due to limited evidence, with medium
confidence in it involving abrupt / large rate change, low confidence in
there not being irreversibility over decadal/centennial timescales, and
uncertainty around any threshold ranges (A. McKay, Sakschewski &
Roman-Cuesta et al., 2023).

Since GTPR23, there have been several new publications relevant to
this tipping system. A recent saftellite observations-based hydrologic
sensitivity index (Dominguez-Tuda & Gutiérrez-Jurado, 2024)
identified a threshold of around 46 per cent tree cover reduction

for temperate coniferous forests, which leads to cooler climate
conditions and higher water yield once surpassed. For Mediterranean
woodlands, a threshold of roughly 54 per cent emerged, indicating
relatively higher resilience but also rapid hydrologic shifts once

that critical point is crossed. However, the degree to which these
hydrological shifts involve tipping dynamics is unclear.
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Several recent studies show new evidence of localised resilience loss
and potential tipping points in different regions of temperate forests.
In northwestern China, ecosystem productivity and photosynthetic
efficiency have decoupled since 2010 (Zhang et al, 2024). This
indicates a loss of ecosystem resilience in these forests, which under
rapid warming/drying flags a near-term dieback threshold in water-
stressed regions. In Europe, the 2018-20 drought event led to a
breakdown in standard forest dynamics in a German Beech forest
(Mathes et al., 2023). The drought’s intensity potentially induced a
nonlinear weakening of dominant trees, and future drought events
of this or greater intensity could lead to a regime shift in such Beech
forests.

Recent analysis of the relationship between forest fragmentation

and ecosystem resilience revealed a clear nonlinear decline in
resilience once forest connectivity dropped below critical thresholds
(e.g. when number of patches per unit area increases beyond 0.89)
(Fu et al., 2024). In other words, when forest areas become too
fragmented, their ability to recover from disturbances, such as
droughts, fires, or storms, is significantly reduced. Notably, the study
found that agricultural expansion had a more detrimental impact

on forest resilience than urban development. While some degree

of fragmentation may promote habitat diversity, exceeding certain
fragmentation levels leads to a sharp and lasting decline in ecosystem
stability, underscoring the importance of preserving large, contiguous
forest areas.

While this new research supports the presence of tipping points in
some temperate forest systems, and several temperate ecoregions
have been subject to increasingly extreme heatwaves (Barriopedro

et al., 2011; Sutanto et al., 2020; Lucarini et al., 2023), due to

the evidence remaining limited the GTP community maintains its
assessment of temperate forest dieback was assessed as an uncertain
potential tipping system at the regional scale. However, we now assign
low confidence to temperate forest tipping at the local scale.

Savannas & grasslands

What it is

Savanna and grassland are ecosystems dominated by grass cover
intermixed, in savannas, with variable tree cover (Bond et al.,

2008; Staver et al., 2018). They face threats from conversion to
agriculture (Stevens et al., 2022; Stréomberg & Staver, 2022), woody
encroachment (Stevens et al., 2017; Rosan et al., 2019), afforestation
for carbon mitigation (Parr et al., 2024), and climate change via

e.g. changes in rainfall variability (D’Onofrio et al., 2019), with major
associated losses in ecosystem functions especially on the ground
(Ding & Eldridge, 2024). Savannas are distinct, biodiverse ecosystems,
not degraded forest systems (Veldman & Putz, 2011; Veldman et al.,
2013; Nerlekar & Veldman, 2020) or candidates for afforestation
(Parr et al., 2024). In some regions, savannas and forests represent
potential alternative stable states (Hirota et al., 2011; Staver et al.,
2011; Aleman et al., 2020), with open savanna states leading to

a buildup of flammable grass material which can cause wildfires

and limit free growth. This open savanna-fire feedback loop can

be disrupted by active and passive suppression of fires (Durigan &
Ratter, 2016; Andela et al., 2017), which enables forest expansion
into savannas (Stevens et al., 2017). Palaeoecological evidence and
fire studies have shown that this savanna to forest transition can be
irreversible (Shanahan et al., 2008; Karp et al., 2023). In some arid
regions, savannas and grasslands also represent an alternative stable
state to low vegetation cover with substantial bare ground (Hirota et
al., 2011), discussed more fully in the Drylands section below.
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What's new

In GTPR23, savannas and grasslands were assessed as a tipping
system with medium confidence at a local-to-landscape scale. Tipping
dynamics likely emerge over decades, resulting in low confidence

in the possibility of abrupt / large rate change but with medium
confidence inirreversibility over decadal/centennial timescales.
Mechanisms involve decreases below ~60 per cent flammable cover
that could prevent fire percolation, regionally variable and highly
localised rainfall thresholds, and the influence of of CO, ferfilisation. It
is unknown to what extent savanna and grassland tipping points might
scale up o emergent and synchronised events at larger regional
scales, so this potential was assessed as uncertain.

Since GTPR23, there have been several new publications relevant

to this tipping system. Higgins et al. (2024) synthesised several past
studies arguing for widespread savanna-forest bistability, showing
that a range of different approaches all produce savanna-forest
bistability but that there is a substantial uncertainty in the climate
thresholds associated with tipping points, consistent with our previous
assessment. Several publications have also examined the possible
contributions of spatial patterning and mosaics to avoiding tipping

at larger scales in these systems (Zwaan et al., 2024; van der Voort
et al., 2025). Finally, a range of work showed that afforestation is
accelerating potentially irreversible losses of savanna ecosystems
(Loft et al., 2024; Parr et al., 2024) and has elaborated the potential
for lost ecosystem services as a result of savanna encroachment (Ding
& Eldridge, 2024).

Based on this new research, the GTP community maintains its
assessment of savannas and grasslands being a tipping system with
medium confidence at a local to landscape scale, and uncertain at the
regional scale.

Drylands

What it is

Drylands consist of numerous vegetation types, including deserts,
grasslands, shrublands, woodlands, savannas, Mediterranean forests
and tropical dry forests, all defined by their aridity level (where the
rainfall is lower than 65 per cent of the ‘potential evapotranspiration’,
including hyper-arid, arid, semi-arid and pre-sub-humid climate
zones) (Maestre et al., 2016; D’Odorico et al., 2013). Some of

these land cover types are covered in more depth in dedicated
sections for ‘tropical forests’ and ‘savannas’, as well as the relevant
feedback loops of vegetation-fire feedback and vegetation-rainfall
feedback. Other feedbacks are possible, including at a small scale,
e.g. microbial communities in soil influence the level of soil carbon
stocks by decomposing organic. This aids moisture retention in dry
soils which is in furn necessary for the decomposition of organic
matter, thus forming a feedback loop. Interactions between plants
can form important feedbacks in dryland, including around the
formation of regular patterns which can occur from plants affecting
local soil conditions, such as water and nutrient retention, which
create ‘islands of fertility’ (Eldridge et al., 2024) and can create
ecohydrological feedbacks at a large scale through plant connectivity.
Additionally, excessive grazing by herbivores can drive changes in
plant communities. Evidence exists for vegetation cover bistability in
drylands around an aridity level (calculated as one minus the ratio of
precipitation to potential evapotranspiration) of between 0.75 and 0.8
(Kefi et al., 2024), with different states of soil fertility, nutrient capture
and nutrient recycling (Berdugo et al., 2017). Studies have identified
hysteresis in drylands through palaeorecords (Xu et al., 2020), remote
sensing (Zhao et al., 2020) and field studies (Berdugo et al., 2017).
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What’s new

In GTPR23, land degradation in drylands was assessed as a tipping
system with medium confidence at the local to landscape scale and
low confidence at the regional scale, with medium confidence in it
involving abrupt / large rate change, low confidence in irreversibility
over decadal/centennial timescales, and three potential thresholds
at aridity levels of 0.54, 0.7 and 0.8. Since GTPR23, there have been
several new publications relevant to this tipping system.

On mechanisms, self-organised spatial vegetation patterns in
drylands can enhance resilience to increasing aridity by facilitating
resource redistribution. However, this ability is often lost in degraded
ecosystems, with recent work showing this ability may break down
beyond an extreme aridity level of 0.8 (Kéfi et al., 2024). Land-
atmosphere feedbacks involving existing drylands can also contribute
to their own expansion. Warming and drying of air flowing over
drylands can lead to reduced precipitation and increased atmospheric
water demand in downwind humid regions, causing aridification
(Koppa et al. 2024).

On the drivers of stress & thresholds, climate variability and
seasonality were identified as significant environmental factors
explaining abrupt changes in dryland Normalised Difference
Vegetation Index (NDVI; a measure of vegetation greenness derived
from satellite observations) (Berdugo et al., 2022). Higher rainfall
interannual variability is associated with increased vulnerability to
abrupt shifts, while long-term trends in rainfall are a major driver of
future abrupt shift susceptibility, with decreasing trends increasing the
risk (Bernardino et al. 2025).

Aridity values reaching around 0.8 appears to be a threshold
separating zones with contrasting dynamical behaviors for positive
and negative abrupt shifts in NDVI (Berdugo et al., 2022). Negative
abrupt changes in NDVI are less likely after crossing this aridity
threshold, while positive abrupt changes are more likely (Berdugo
et al., 2022). Kéfi et al. (2024) found bimodality in vegetation cover
in a global dryland data set, which is consistent with the bistability
predicted by dryland models and also supports a threshold at an
aridity value of 0.8 (consistent with Berdugo et al. (2020)). Human
activities, such as grazing, can amplify the effects of aridity on
ecological thresholds. For example, grazing in China’s drylands can
act in synergy with aridity on dryland structure and functioning, and
can therefore lower the aridity thresholds at which abrupt decreases
in productivity, soil fertility, and plant richness occur (Li et al., 2023).

On the recent dynamics of dryland responses, while gains in
vegetation productivity were more frequent than losses in the last two
decades, 50 per cent of the areas experiencing significant changes

in productivity showed abrupt (rather than gradual) changes in time
(Berdugo et al., 2022). Abrupt changes were more common among
negative than positive NDVI trends and could be found in global
regions suffering recent droughts, particularly around critical aridity
thresholds.

On potential indicators of dryland tipping, in a study of global
drylands lower functioning was found to be associated with impaired
ability of the vegetation to self-organise into patchy spatial structure
(Kefi et al., 2024). Trends in spatial patterns observed along large
scale dryland gradients matched model prediction, strengthening
the idea that patterning is a mechanism of resilience and a possible
indicator of ecosystem degradation. Similarly, a machine learning-
based approach to detect early warning signals of abrupt shifts in
ecosystem functioning was used in one of the world’s largest dryland
regions, the Sudano-Sahelian zone, and showed its applicability to
identify regions that are more likely to undergo a future abrupt shift
(Bernardino et al., 2025).
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On projections of global dryland expansion, the contribution of
reduced precipitation and increased evapotranspiration from existing
drylands to ongoing dryland expansion was recently quantified,
differentiating it from influences originating in other regions (Koppa
et al., 2024). This established that vegetation-climate feedbacks
contribute to 50 per cent of the recent desertification of drylands
areas, illustrating how existing dry regions contribute to the
intensification and spread of aridity worldwide through feedbacks.
However, an investigation of the effects of future climates on dryland
productivity found that climate change might promote desertification
in less than 4 per cent of current dryland areas, with the fertilisation
effect from CO, emissions likely overcoming the projected increase in
arid conditions in other areas (Zhang et al., 2024).

Based on this new research, the GTP community maintains its
assessment of drylands being a tipping system with medium
confidence at the local to landscape scale and low confidence at the
regional scale.

Freshwater ecosystems

What it is

Freshwater ecosystems include lakes, ponds, wetlands, and rivers,

all subject to major climate impacts. Lakes are present across much
of the world and represent an iconic early example of ecosystem
tipping points, hysteresis and resilience (Holling, 1973; Scheffer et

al., 1993; Scheffer & van Nes, 2007). Closely intertwined with the
wellbeing of communities connected with them, lakes form part of a
socio-ecological system which may be affected by rapid changes in
lake state. Empirical evidence exists for tipping points in shallow lake
systems (Scheffer et al., 2001; Tatrai et al., 2008), the most common
type of lake globally. Anthropogenically driven eutrophication in lakes
can be persistent, and difficult to reverse due to internal phosphorus-
loading, whereby phosphorus stock-piled during periods of high
pollution is mobilised from the sediment to surface waters following
pollution reduction (Jeppesen et al., 1991; Spears & Steinman, 2020).
Lake warming enhances this effect, which together with nutrient
pollution can also lead to an increase in greenhouse gases released
from the lake, thus feeding back to global warming, but this may

be countered to an extent by increased carbon burial processes
(Anderson et al., 2020). Critical phosphorus concentrations in shallow
lakes are known to be highly variable with lake depth, retention tfime
and fetch (Janse et al., 2008). Modelled and empirical studies suggest
thresholds in the range of 80-120 and 40-60 mg total phosphorus
per m~ lake water, respectively, for forward and reverse switches in
both temperate and tropical systems (Wang et al., 2014; Springmann
et al., 2018), though limitations in contemporary empirical data to
explain non-linear relationships between chlorophyll a and nutrient
concentrations in lakes requires further attention (Davidson et al.,
2023).

Another potential tipping point for shallow lake systems involves
increased levels of dissolved organic matter (DOM) from terrestrial
sources due to land cover changes, such as afforestation, and a
changing climate (Creed et al., 2018). This process, also known

as ‘browning’, occurs in boreal systems and can lead to increased
stratification, net heterotrophy and anoxia, and ultimately increased
greenhouse gas release (Jeppesen et al., 1991; Spears & Steinman,
2020), thus suggesting a potential positive feedback loop. The
timescale of this ‘browning’ feedback loop is still uncertain (Hessen et
al., 2024). In permafrost regions, appearance or loss of waterbodies
is tightly linked to permafrost thaw (e.g. thermokarst formation), and
as such what could be considered a lake system tipping point is in fact
aresult of an underlying permafrost thaw tipping point (Hessen et
al., 2024). Rivers are not addressed in detail in this report, yet both
extreme flood and droughts have major impact on wetlands, deltas,
coastal areas and a renga of human activities. Glacial fed rivers
clearly will be affected by disappearing glaciers (Milner et al 2008).
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What’s new

In GTPR23, eutrophication-driven anoxia in lakes was assessed as a
tipping system with high confidence at the localised scale, with high
confidence in it involving abrupt / large rate change and medium
confidence inirreversibility over decadal / centennial timescales.
DOM-loading, also known as ‘browning’, in lakes was assessed as

a tipping system with medium confidence at the local scale, with

low confidence in it involving abrupt / large rate change, medium
confidence in irreversibility over decadal / centennial timescales, and
a threshold range of >10 mg DOC/I. Other potential abrupt changes in
lake ecosystems were identified in GTPR23, including disappearance
/ appearance of freshwater bodies, switch between Nitrogen and
Phosphorus limitation, salinisation and the spread of invasive species.
Some of the transitions to saline ecosystems are permanent and give
rise to losses of biodiversity and changes in functions and services
(Cunillera-Montcusi et al., 2022), but these were not classified as
tipping points due to an absence of clear self-sustaining feedbacks.
Several of these tipping points will imply positive feedback in ferms of
increased GHG emission (Rosentreter et al. 2021).

Since GTPR23, there have been several new publications relevant to
this tipping system. Hessen et al. (2024) discussed candidate tipping
points for lakes, while the concept of tipping points vs. ‘tipping sets’
have been explored using lake eutrophication as a case study (Mathias
et al., 2024). Lake drainage has been studied as a tipping point case
(Liu et al., 2024), while the use of remote sensing for assessing lake
tipping points has also been discussed (Gilarranz et al., 2022; Lenton
et al., 2024). Meanwhile, recent analysis found that compound
weather extremes (heatwaves and extreme rainfall) in 2022 drove
abrupt ‘browning’ shifts across multiple West Greenland lakes, altering
biological and biogeochemical structure (Saros et al., 2025).

Recent works also address the link between permafrost thaw and
expansion (or loss) of permafrost ponds linked to this. The widespread
increase in thermokarst ponds has been linked to topography (Abolt et
al., 2024), while other regions are prone to substantial loss of surface
waters due to permafrost thaw, with Northern Sweden for example
seeing thermokarst pond area and number decreasing by 6 and 27
per cent per decade, respectively, between 2003 and 2021 (Seeman
& Sannel, 2024). Of particular relevance is the work by Brovkin et al.
(2025), arguing that permafrost and freshwater systems in the Arctic
are inextricably linked in their tipping dynamics, and that hydrological
changes in the permafrost region could have impacts on global
hydroclimate.

GTPR23 only dealt with lakes, but given the prevalence of wetlands,
their susceptibility to climate change (and other anthropogenic
forcings), and not least their role as major greenhouse gas sources,
they, should also be considered as potential freshwater tipping
systems. For deltas, a number of drivers have been identified, also
including cases of positive feedbacks, that may profoundly and
rapidly change the physical and ecological properties of large
deltas (Térnqvist et al. 2020; van de Vijsel et al. 2024). The use of
remote sensing has also been used for detecting regime shifts and
loss of resilience in coastal wetlands, covering a salinity gradient
from fresh to marine ponds and wetlands (Martinez et al. 2024).
For many wetlands, change in hydrology, water saturation and thus
redox conditions due to degradation will shift systems from sinks to
sources of CO,, and determine the ratio between methanogenesis
and methanotrophy. Zou et al. (2024) estimated a strong increase
in greenhouse gas release from wetlands due to drought, and redox
state of wetlands can be seen as a tipping point in the context of
redox processes. However, tipping points for these systems implies
irreversible losses of ecosystems with their key propert