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Key messages
A climate tipping point is a threshold at which the Earth’s climate system
undergoes a rapid, irreversible transformation.  
16 elements of the climate system have been identified that may be at risk of
reaching a tipping point, but we have much to learn about when, and how
these tipping points might affect the Earth.  
Decision-makers are concerned that dramatic climate collapse via tipping
points may drive far greater or more rapid changes than most current climate
projections suggest, but most tipping point changes will unfold over very long
time periods. 
For Australia there is no indication that tipping points would significantly alter
existing climate change projections before 2100 and most, but not all,
decision-makers will be well placed to continue using existing projections of
the future climate. 
One of the greatest unknown risks to Australia in the next few decades is the
possibility of far greater sea-level rise due to collapsing ice sheets and these
may need to be factored into some decisions.  
Applying good adaptation planning principles will be adequate for most
decision-makers in determining how and if tipping point scenarios should be
considered in planning responses to climate risks.  
Tipping point research highlights the importance of urgent emission
reduction. 

Decision-makers are familiar with climate change
projections of steady warming and sea-level rise, as
well as associated increases in extreme weather
events such as storms, flood and fire. But there is
also potential for abrupt changes in parts of the
Earth’s climate system in response to global
warming that are not yet well accounted for in these
projections. One important type of potential abrupt
change is referred to as ‘climate tipping points’,
which may cause dramatic shifts to an entire system
rather than slightly warmer, wetter or drier
conditions. 

With scientific research and reports speculating on
how soon we might reach a tipping point,
magnifying the scale of climate risks we have been
planning for, many decision-makers are
contemplating how and if they should incorporate
tipping points into their decision-making.  
 
In this factsheet we look at what climate tipping
points are, the most recent scientific consensus of
their likelihood and impact, and how decision-
makers in Australia should consider the risk
associated with tipping points. 
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What are climate tipping points?
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A climate tipping point is the threshold at which an
abrupt, self-perpetuating and irreversible transition to
a new state occurs. Reaching a state-change
threshold can be a culmination of many small or
gradual changes, but much like the proverbial ‘straw
that broke the camel’s back’ there may be a point at
which a dramatic change becomes self-perpetuating
and irreversible for a very long time. 

The most common example of a climate tipping
point is the loss of the ice sheets. Once the
disintegration of an ice sheet is set in motion, with
ice shelves and ice cliffs becoming unstable, there is
huge inertia to the process and the loss of ice may
be effectively unstoppable. It becomes unlikely the
ice sheet will reform for tens of thousands of years
and only if the climate cools again. 

It is worth noting that the term ‘tipping point’ is also
used in social and environmental contexts, for
example we talk about ecosystem tipping points that
see an abrupt change in an ecosystem type (see
Kopp et al. 2024). Not all these changes will interact
with climate, but the changing climate can influence
these social and environmental state-changes. 

Earth’s climate depends on complex interactions of
large-scale systems – the sun, land, ocean, ice, and
living organisms. Several of these elements are
vulnerable to changing state. The global research
community is working to understand the risk that
these elements may have a tipping point, when
those tipping points might occur and whether any
have already been initiated. These are referred to as
tipping elements. 



Evidence that elements are at risk of reaching a
tipping point comes from paleoclimate evidence of
past tipping points, and modelling of the behaviour
of the elements and the climate system. 
 
A recent scientific review led by David Armstrong
McKay from Exeter University, identified 9 global
climate tipping elements that contribute substantially
to the function of the whole Earth system.

Further, 7 regional tipping elements that are
important for human welfare or are unique features
of the Earth (e.g. low-latitude coral reefs, the
Sahel/West African monsoon), but which do not
impact the entire Earth system function. 

Australian researchers reflecting on these tipping
elements have summarised the potential effects on
Australia of the 9 global tipping elements and one of
the most relevant regional elements for Australia.
Table 1 summarises these 10 tipping elements. 

This is still a relatively new area of research, so the
details and likelihood of each potential tipping point
are still being explored. In some potential tipping
elements, the change is not abrupt on human
timescales, taking thousands of years. More
evidence and scientific enquiry are required. What is
clear is that increasing global warming increases the
risk of triggering tipping points, and different
elements have different thresholds or trigger points. 

What climate elements might reach a tipping point?
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https://www.science.org/doi/10.1126/science.abn7950


Tipping elem
ent 

D
escription 

Long term
 im

pact and
tim

escale 
Extra global w

arm
ing* 

Scientific confidence that
elem

ent is a tipping system
 

Ice sheets and sea-level rise 

G
reenland ice sheet collapse 

Irreversible retreat/collapse of the
ice sheet to a low

er ice state
caused by an extended period of
w

arm
er tem

peratures 

Sea-level rise - up to 7m
 taking

1,000 – 15,000 years (central
estim

ate 10,000 years) 
0.13 (0.5 – 3) °C

 
H

igh confidence is a tipping
system

  

W
est Antarctic ice sheet collapse 

Irreversible retreat/collapse of the
ice sheet triggered by reaching a
threshold of clim

ate w
arm

ing 

Sea-level rise - up to 3.3m
 taking

500 to 13,000 years (central
estim

ate 2,000 years) 
0.05 (up to 1) °C

 
H

igh confidence is a tipping
system

  

East Antarctic ice sheet collapse 
Irreversible retreat/collapse of the
ice sheet caused by reaching a
threshold high level of global
w

arm
ing 

M
ajor sea-level rise (58m

 if all
m

elted) under higher global
w

arm
ing scenarios only taking over

10,000 years 
0.6 (up to 2) °C

 
M

edium
 confidence is a tipping

system
  

Sea-ice 

Arctic w
inter sea ice collapse 

Reduced w
inter sea ice cover  

Additional global w
arm

ing through
ice albedo feedback over 10 - 100
years (est. 20 years) 

0.6 (0.6 – 1.2) °C
 

M
edium

 confidence not a tipping
system

, sim
ply a ‘change of state’ 

Antarctic sea ice 
C

hange of state to a low
er ice area  

Unknow
n but could include

increased w
arm

ing and changes to
rainfall and storm

s, changes over
decades  

Unknow
n 

Unclear if true clim
ate tipping

elem
ent, but im

portant im
plications

for Australia 

O
cean circulation 

Atlantic M
eridional O

verturning
C

irculation (AM
O

C
)

slow
dow

n/collapse 

Shutdow
n or collapse of the AM

O
C

caused by an increased influx of
freshw

ater into the N
orth Atlantic 

Dram
atic changes to regional

clim
ate m

ainly in the northern
hem

isphere   
Unclear im

pact to Australia  
Tim

efram
e 15 – 300 years (est. 50

years) 

-0.5 °C
 (-4 to –10) °C

 regionally in
northern hem

isphere)  
M

edium
 confidence is a tipping

system
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Table 1: Sum
m

ary of select global and regional tipping elem
ents at risk from

 clim
ate change m

ost relevant to Australia. C
om

piled from
: C

SIRO
 W

orkshop Report 2024, Arm
strong M

cKay
et al. 2022 and Lenton et al. 2023. 



Tipping elem
ent 

D
escription 

Long term
 im

pact and
tim

escale 
Extra global w

arm
ing* 

Scientific confidence that
elem

ent is a tipping system
 

Antarctic O
verturning C

irculation
slow

dow
n/collapse  

Slow
dow

n or collapse in the
overturning of dense shelf w

ater
(DSW

) around Antarctica, linked to
the overall global ocean circulation
(including AM

O
C

).  

Altered southern hem
isphere

w
eather – e.g. likely drier southern

Australia   
Possible im

pacts on nutrient
upw

elling across decades to m
ulti-

decades  

M
odel experim

ents suggest delayed
w

arm
ing of approxim

ately a
decade  

M
edium

 confidence is a tipping
system

 
Im

portant clim
ate feature for

Australia  

B
iosphere and carbon cycle 

Perm
afrost collapse 

Abrupt increase in em
issions of

C
O

2 and m
ethane through the

thaw
ing of frozen carbon-rich soils 

Extra w
arm

ing across decades to
centuries   

 
H

igh confidence is a regional tipping
system

  
M

edium
 confidence not a global

tipping system
 

Low
-latitude coral reef die-off

(regional) 

Rising tem
peratures pushing w

arm
w

ater corals beyond tolerable levels
of therm

al stress into an alternative
state dom

inated by m
acroalgae 

C
lim

ate, ecosystem
 and carbon

cycle changes in relevant
regions  across decades 

N
/A 

H
igh confidence is a tipping

system
  

Boreal forest range shift 
A shift in boreal forests, seeing
expansion into tundra to the north
and dieback to the south 

Unclear w
hat the long-term

 im
pacts

are, but w
ould occur w

ithin 50-100
years of collapse (but low
confidence)  

0.2 – 0.4°C
  

Low
 confidence is a tipping

system
  

Am
azon dieback 

Deforestation and hotter, drier
conditions causing dieback of the
rainforest and a shift tow

ards
savannah 

Unclear w
hat the long-term

 im
pacts

are, but w
ould occur w

ithin 50 –
200 years (est. 100) and could
contain abrupt changes 

Depends on partial loss (~0.1 °C
) or

total loss (~0.2 °C
), m

ore
regionally   

Yes, tipping system
 

H
igh confidence in local im

pacts,
low

 confidence in full dieback 

6

Table 1: (continued)



Several tipping points relevant to Australia may be
triggered this century even with modest warming,
while others require higher levels of global warming
(Figure 1). More than half of the tipping points might
be avoided through strong global action to curb
greenhouse gas emissions to limit warming to well
below 2°C.  However, there would still be a risk that
several tipping points with thresholds of less than 2
degrees of warming (light orange bars, Figure 1)
could be triggered. 

Figure 1: The range of global warming (represented as horizontal bars) where each of 8 global and 1 regional tipping elements
relevant to Australia may be triggered. The white circle for each bar is an estimate of the tipping point. Bars are coloured according
to global warming threshold estimates of: below 2°C, i.e. within the Paris Agreement range (light orange); between 2 and 4°C, i.e.
accessible with current policies (orange); and 4°C and above (brown) derived from Armstrong McKay et al. (2022). Blue dashed line
is current level of global warming and solid blue bar represents the Paris Agreement commitment. No data was available for
Antarctic Sea ice and Antarctic Overturning Circulation slowdown/collapse listed in Table 1. Modified from CSIRO Workshop Report
(2024) using data from Armstrong McKay et al. 2022. 

What the science says about when we might reach a tipping point

It’s also possible that some tipping points have
already been passed, but we are yet to see the
consequences. 

These global warming estimates serve as broad
guides to the magnitude of climate change at which
tipping elements become vulnerable. Each tipping
point has its own nuanced triggers and processes. 
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Like climate projections, the impact of a tipping point
offers a possible future scenario for climate change.
Deciding whether to consider the possibility of a
tipping point in your risk assessment and planning
will depend on the interaction of several things
including the type and life of the decision being
made; the consequences of the tipping point
scenario, and the likelihood it will occur. 
 
For example, planning for a piece of critical
infrastructure with a long design life and low
tolerance for failure such as a nuclear powerplant, is
likely to need to consider a range of low likelihood
but high impact scenarios that could include tipping
points. 
 
While some tipping points would add small
increases or decreases to global warming levels,
estimates of the timescale of change are mostly in
the order of 100s – 1000s of years. For Australia
there is no indication that tipping points would
significantly alter existing climate change projections
before 2100 (Table 2). Most decisions-makers will be
well placed to continue using existing projections of
the future climate. 

For long-lived, critical infrastructure (e.g. hospitals,
energy generation, airports) and large developments
(e.g. large greenfield developments) it is likely to be a
valuable exercise to consider the possible
consequences of any tipping points being triggered,
the associated risk and risk appetite in context of the
likelihood of a tipping point being reached. For these
types of decisions, expert consultants will be
engaged to explore a range of scenarios and risks,
and that should include consideration of tipping
points. 

Consideration of tipping points in climate risk assessment and
decision-making for Australia
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Planning for sea-level rise 

Coastal planners should be aware of the risk of far
greater sea-level rise associated with the collapse of
ice sheets. For Australia, Greenland and West
Antarctic ice sheets present the greatest concern.
There is high confidence among the scientific
community that these two ice sheets are tipping
points, and that they are vulnerable to being
triggered even at the current level of global warming,
or within relatively little more global warming (Table
2). The addition of more than 1.5m of extra sea-level
rise (Table 2) to current rates of change over the next
100 years, would have very significant impacts on
Australia’s coastline. 



Tipping elem
ent 

G
lobal clim

ate threshold
for tipping point (°C

) 

Projected direct im
pact on Australia by 2100 

Additional change in clim
ate 

Additional sea-level rise 

G
reenland ice sheet collapse 

1.5 
N

o data 
Approxim

ately 0.5m
 per century (global

average) 

W
est Antarctic ice sheet collapse 

1.5 
N

o data 
Approxim

ately 1m
 per century (global average) 

East Antarctic ice sheet collapse 
7.5 

Unlikely to be m
ajor unless extrem

e w
orst-

case scenario 
Unlikely to be m

ajor unless extrem
e w

orst-case
scenario 

Arctic w
inter sea ice collapse 

6.3 
Unclear 

N
/A 

Antarctic sea ice 
Unclear  but could include increased
w

arm
ing and changes to rainfall and

storm
s  

N
/A 

Atlantic M
eridional O

verturning Circulation (AM
O

C)
slow

dow
n/collapse 

4.0 
Unclear 

N
/A 

Antarctic O
verturning slow

dow
n  

 
Drier, cooler Southern H

em
isphere 

N
/A 

Perm
afrost collapse 

4.0 
Extra w

arm
ing, possibly sm

all 
N

/A 

Low
-latitude coral reef die-off (regional) 

1.5 
N

/A 
N

/A 

Boreal forest dieback 
4.0 

Unclear 
N

/A 

Am
azon dieback 

3.5 
Likely sm

all but not clear 
N

/A 
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Table 2: Sum
m

ary of select global and regional tipping elem
ents at risk from

 clim
ate change w

ith estim
ated global tem

perature threshold and the im
pacts for Australia’s clim

ate and sea-
level rise to 2100. C

om
piled from

: C
SIRO

 W
orkshop Report 2024 and Arm

strong M
cKay et al. 2022 



Many Australian state governments provide planning
benchmarks for sea-level rise, based on current
projections of sea-level rise and tend not to consider
tipping points. Any decisions around risk from sea-
level rise, particularly development and planning
decisions, could be tested in the courts or be
scrutinised by public opinion. The general principle
at law is that councils act reasonably on the best
available information. With limited confidence around
the outcome of tipping points, councils are likely to
take care with considering tipping point scenarios
and seek additional advice where possible. 
 
Principles of adaptation decision-making will be
valuable in assessing how to take account of
potential tipping points. For example, decision-
makers should consider the following: 

Maintain awareness of decision-making context: 
What is the timeline of any decisions e.g. a
building with an 80-year design life? Is there
an increased risk of exposure to additional
sea-level rise during the life of the decision
under a tipping point? 
What is the tolerance for uncertainty? Do
you need to prepare for unlikely but extreme
conditions e.g. where there is a high risk to
life? 
Is there an ability to adaptively manage the
response, particularly for long-term
adaptation? For example, if considering
protective infrastructure, what are the
options for future expansion or upgrade to
protect against greater sea-level rise?   

Understand where sensitivity to sea-level rise
exists and use scenario-based planning to build
adaptation strategies that are effective across a
range of possible futures. Check decisions
against ‘what if’ questions about additional sea-
level rise.
Deploy adaptive management approaches that
emphasise flexibility and the need for continuous
reassessment of strategies as more information
becomes available. Use methods to weigh the
costs and benefits of acting now versus waiting
for more information. Consider phased
approaches to investing in adaptation to allow
future adjustments as more information
becomes available. 
Consider no-regret and low-regret options that
will deliver a benefit now regardless of sea-level
rise. 
Acknowledge the risk may change in the future
and monitor for change e.g. staying aware of
scientific progress and discovery, on-ground
monitoring and awareness of change. 

In considering the long-term future, it may be useful
to bear in mind that sea levels will continue to rise at
some rate over the next few hundred years,
regardless of the role of tipping points. While the rate
of this increase is very much dependent on the time
it takes to bring global emissions in line with the
Paris Agreement, there is some evidence that the
world’s emissions up to 2030 have already
committed the Earth to over a metre of sea-level rise
by 2300. Even without the addition of tipping points,
this has significant implications for many coastal
communities. 
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Further reading
This fact sheet draws much of its information from a workshop and follow-up report from a partnership,
including NESP, on the topic of global climate tipping points and published by the CSIRO. The workshop
report and other sources are listed below:   

CSIRO Workshop Report (2024). Understanding the risks to Australia from global climate tipping points. CSIRO,
Australia. https://publications.csiro.au/publications/publication/PIcsiro:EP2024-0465. 

Armstrong McKay, D.I., Staal, A., Abrams, J.F. et al., (2022). Exceeding 1.5 °C global warming could trigger
multiple climate tipping points. Science 377(6611). https://doi.org/10.1126/science.abn7950 

Grose, M., Pitman, A. (2024). Dangerous climate tipping points will affect Australia. The risks are real and cannot
be ignored. The Conversation. Accessed at:  https://theconversation.com/dangerous-climate-tipping-points-will-
affect-australia-the-risks-are-real-and-cannot-be-ignored-222737 31 January 2025 

Kopp, R.E., Gilmore, E.A., Shwom, R.L. et al., (2025). ‘Tipping points’ confuse and can distract from urgent
climate action. Nature Climate Change 15, 29–36. https://doi.org/10.1038/s41558-024-02196-8   

Lenton, T. M., Armstrong McKay, D.I., Loriani, S. et al., (eds) (2023). The Global Tipping Points Report 2023.
University of Exeter, Exeter, UK. Accessed at: https://report-2023.global-tipping-points.org/ 30 January 2025 

McSweeney, R. (2020). Explainer: Nine ‘tipping points’ that could be triggered by climate change, Carbon Brief.
Accessed at: https://www.carbonbrief.org/explainer-nine-tipping-points-that-could-be-triggered-by-climate-
change/ 9 Jan 2025 

Boulter, S.L. (2025). Climate tipping points for
decision-makers. Fact sheet. Climate Systems Hub.
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