
The climate crisis is already a reality: the latest Intergovern-
mental Panel on Climate Change (IPCC) reports clearly show 
how extreme weather events and slow-onset processes are 
putting human security at risk. Almost half of the world‘s pop-
ulation (3.3–3.6 billion people) is living in circumstances highly 
vulnerable to climate change impacts1.  At the same time, suffi-
cient and appropriate support for dealing with these impacts is 
lacking2.  The recent World Meteorological Organisation (WMO) 
report, in fact, confirms this situation is worsening. The past 
seven years have been the warmest on record, and in 2021, the 
average global temperature was about 1.11°C (±0.13°C) above 
pre-industrial levels3. 

However, the increasing climate crisis’ consequences are not 
developing linearly. Rather, over the medium and long term, 
a completely different magnitude of climate change conse-
quences is emerging. If the thresholds within individual eco-
systems, flow systems, or ice bodies are exceeded because 
of temperature rise (and other harmful effects due to human 
activity), they can ‘tip‘ out of their original state. This sets in 
motion irreversible and often mutually reinforcing and accel-
erating developments, which can have massive consequences 
for individual regions, entire continents, and even globally4.  
The IPCC indicates particular tipping points could already be 
crossed between 1°C and 2°C of global warming5. Consequent-

An early warning system for  
tipping points in the climate system

01  IPCC (2022), S. 14. 
02   For example, the IPCC identifies a gap in the management of climate risks and damages, for reasons such as an increasing discrepancy between the estimated costs of adaptation and the documented financial 

resources allocated to adaptation (ibid. p. 22). Insufficient funding hinders implementation of adaptation options, especially in developing countries (ibid. p. 28).
03   WMO (2022a).
04   Lenton, T. M. et al (2019).
05   IPCC (2018), IPCC (2019), Lenton, T. M. et al (2019).
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ly, even achieving the Paris Agreement goal (limiting the glob-
al temperature increase to well below 2°C and preferably be-
low 1.5°C) would not provide full security. This illustrates how 
greatly every 0.1°C of warming avoided counts for minimising 
risks and damages.

Concretely, a 0.8–3.2°C rise, for example, may trigger a tip-
ping point for the Greenland Ice Sheet6.  Even though scientif-
ic studies, modelling, and the interpretation of early warning 
indicators are increasing the possibility of narrowing down a 
precise tipping point, great uncertainty remains. This necessi-
tates a regular review of the scientific status quo. Ultimately, 
sea level rise resulting from melting poses enormous risks to 
infrastructure, agricultural land, and cities in low-lying areas. 
Consequently, forced migration and displacement from flood-
ed areas, immense economic damage, and possible conflicts 
threaten human security7. 

Outstanding scientific research is exploring tipping points’ 
development and dynamics8.  Systems have been found to 
change their behaviour when they approach a tipping point. 
Early warning indicators show this change. Interpreting the 

As global warming intensifies, so does the risk of crossing 
tipping points. If a critical threshold, such as a temperature 
threshold, is exceeded, a barely controllable, often irreversible 
internal dynamic in tipping elements such as the Greenland Ice 
Sheet sets in. Such changes’ impacts can be massive and con-
tinental in scale and imply extensive risks and consequences 
for human systems and, ultimately, human security. The scale, 
as well as the dynamics’ irreversibility, indicates loss of control 
in influencing those developments.

Once a tipping point is crossed, in some systems, the chance of 
influencing the scale of consequences is very limited. In other 

tipping points, the extent of the consequences or speed of their 
occurrence can still be hugely influenced. The latter applies, 
for example, to the melting rate of the world’s large ice sheets, 
which are highly sensitive to temperature increases. Here, 0.5°C 
of avoided temperature increase can shift the corresponding 
peak in sea level rise to hundreds of years later. Enhancing this 
period can be crucial for taking precautionary and preparatory 
measures to protect people.

Recent research has identified indicators of tipping points 
being more likely to be crossed than previously thought, and 
that these are often feedback with each other, potentially 

What are tipping points in  
the climate system?
Characteristics and challenges

indicators can aid in achieving timely actions that help avoid 
crossing a tipping point. Lacking, however, is a systematic ap-
proach that translates the scientific research (with all the intrin-
sic uncertainty of these highly complex systems) into concrete 
recommendations. Also lacking are targeted calls for action for 
political decision-makers in affected countries and regions, as 
well as the international community.

An early warning system in the form of a regular report 
could fill this gap. Such a report should: 

1. Regularly show which (sub-)systems have already ad-
vanced out of their balanced state and are evolving towards 
tipping points (essentially based on existing research)

2. Translate these research findings for assessing risks to 
humanitarian security (also focussed on different regions)

3. Make concrete proposals for early and timely action by 
different actors (regional, national, and international). This 
should prevent crossing of the corresponding tipping point, 
contain the magnitude or speed of the consequences of cross-
ing, or prepare for dealing with expected consequences.

06  Boers et al (2021). 
07  IPCC (2022) S.11; Joint statement on climate change and conflict in IPCC report (2022).
08  Such as scientists from the Potsdam Institute for Climate Impact Research, Stockholm University Resilience Centre, University of Exeter, University of Colorado Boulder and others.
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exposing the Earth to long-term, irreversible changes in the 
near future9. 

An early warning system offers the chance to avoid major risks 
or to gain time to prepare for the consequences of crossing tip-
ping points. This can happen even with remaining uncertain-
ties in concretely determining the critical thresholds that cause 
the corresponding systems to tip, as well as regarding the time 
remaining until that occurs.

Findings of theories of complex systems and analysing criti-
cal thresholds and corresponding signals in past events (e.g. 
from previous geological eras) can play a significant role10 in 

building an early warning system for tipping points. However, 
it is vital that these findings are also translated into concrete 
proposals for action to prevent or mitigate humanitarian se-
curity risks. Forward-looking risk management is a key focus 
here.

In many cases, ‘compound risks‘ – i.e. the interaction of climat-
ic and non-climatic factors – are critical, especially regarding 
possible human influence, such as with global temperature 
rise and deforestation in the Amazon rainforest. Behavioural 
changes in different areas (climate protection and halting of 
deforestation) can thus reduce risks and prevent crossing of 
tipping points.

The West Antarctic Ice Sheet is in danger of becoming 
unstable because of its location and condition, as well 
as global temperature rise11.  Exceeding a threshold 
could lead to an irreversible retreat of individual gla-
ciers, and thus to the ice sheet’s collapse or even com-
plete melting. There are increasing indications that such 
a process may have already begun12.  The Pine Island 
and Thwaites Glaciers’ size makes them particularly 
important. Together, they account for about 10% of the 
current global sea level rise13.  

A 2021 study showed for the first time that a critical 
threshold may have already been exceeded for the for-
mer. The study researchers modelled the glacier’s melt 
and ice flow, which are early warning indicators of the 
onset of ice sheet instability (‘critical slowing down’), 
and calculated tipping points at which ice loss could be 
irreversible. Their calculations showed a ~1.2°C warm-
ing of the ocean water leads to the entire glacier’s re-
treat, which could trigger the collapse of the whole West 
Antarctic Ice Sheet14. 

Recent research also shows the Thwaites Glacier in 
rapid retreat. The warming ocean is causing the glacier 
to melt from below, accelerating runoff and leading to 
instability through fractures and cracks. This situation 
threatens to collapse the glacier and destabilise large 
parts of the West Antarctic Ice Sheet15.  The glacier’s 
collapse and that of the ice sheet would lead to global 
sea level rise of more than three metres16 over a long 
period – centuries to millennia. 

Resulting humanitarian risks for millions of people in 
coastal areas and cities – from flooding of entire areas 
to coastal regions becoming inhabitable – could result. 
However, for these consequences and adaptation op-
tions, it is highly relevant that the time scale and, thus, 
the speed of melting can still be influenced.17  At 1.5°C 
global warming, it could take 10,000 years;18  at >2°C, it 
could be <1,000 years.19 

West Antarctic Ice Sheet

09  IPCC (2019).
10  Scheffer, M. et al (2009). 
11  Weertman, J. (1974). 
12  Favier, Lionel, et al. (2014), Joughin, I. et al (2014), Mouginot, J. et al (2014), IPCC (2019).
13  Northumbria University Newcastle (2021).
14  Rosier, S.H.R. et al (2021).
15  Alley et al (2021).
16  Fretwell et al. (2013), Feldmann et al (2015). 
17  Lenton, T. et al (2019), CIRES (2022).  
18  Ebd.
19 Aschwanden, A. et al. (2019).
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An early warning system would do the following.
1. Translate scientific findings into policy recommendations, 
take account of new findings at the earliest possible stage, and 
prevent policy action delays
2. Formulate concrete recommendations for action to be taken to:
 –  Prevent crossing of the tipping point (through accelerat-

ed climate protection and further measures)
 –  Limit the speed and scale of subsequent processes and 

consequences to the extent possible after the tipping 
point is crossed

 –  Prepare for dealing with possible consequences of ex-
ceeding the tipping point (with the most effective adap-
tation and risk management measure possible, includ-
ing development of contingency plans)

The Amazon rainforest

In the Amazon rainforest, the compound risks of global 
warming and human activities such as massive deforesta-
tion are leading to a vicious circle of destabilisation. There 
are signs the Amazon is already nearly crossing its tipping 
point from rainforest to savannah. One indicator is that 
parts of the forest in 2010–2019 emitted more carbon di-
oxide than they absorbed20.  In other words, they changed 
from a carbon sink to a carbon source in this period; an 
outcome that earlier research indicated was not expected 
until the year 2050.21 Estimates of exactly where the thresh-
old lies for the rainforest to turn into a savannah range from 
20–40% deforestation.22 A temperature rise of just over 3°C 
is also considered a tipping point.23 Research indicated that 
about 17–19% of the forest cover has been lost since 1970, 
when large-scale deforestation began.24 A tipping point 
could therefore be imminent. Research has also shown 
that over three-quarters of the forest has lost resilience 
since the early 2000s due to increased drought as well as 
increased land use, further promoting dieback.25

Crossing the tipping point would bring massive impacts. 
In addition to biodiversity loss, (10% of the world’s known 
species are native to this area), large amounts of carbon 
would be released into the atmosphere. One of the world’s 
central carbon stores would be destroyed, immensely fuel-
ling climate change at a global scale. The Paris Climate 
Agreement’s goals would become far out of reach.

Concrete humanitarian risks also exist at the regional 
level. The Amazon rainforest powerfully influences the 
regional (as well as supra-regional to global) water cycle. 
This is because huge amounts of water originate from 
it. These, in the form of rain clouds that serve as `flying 
rivers,’ influence precipitation volume throughout South 
America. Its collapse would dramatically impact the re-
gion’s water supply and thus its agriculture, food produc-
tion, and energy generation.

 –  Assess the humanitarian security risks associated with 
crossing the tipping point, as well as risks of conflict 
and war

 –  Close gaps in climate protection, adaptation, and 
dealing with climate-related loss and damage, as well 
as comprehensive climate, foreign, and security policy 
strategies that go beyond this

3. Illustrate the significance of tipping points and their con-
sequences
4. Facilitate cooperation amongst different disciplines and 
regional linkages
5. Generate overall global public awareness of the risks and 
options for action regarding tipping points
6. Contribute to (human) security

Functions and objectives  
of an early warning system

20  Qin, Y. et al (2021).
21  Cox PM et al (2000).
22  Lovejoy, T. E. et al (2018).
23  Schellnhuber et al (2016).
24  Lenton, T. et al (2019), Amigo, I. (2020).
25  Boulton, C.A. et al (2022).
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A regular, annually updated report would act as an early warn-
ing system for tipping points. It should provide a comprehen-
sive overview of the state of scientific knowledge and translate 
it into proposals for effective and timely action. In this way, it 
can help inform policymakers on the latest findings on subsys-
tems that are advancing towards tipping points. This can en-
sure that new findings with indications of the speed of change 
are not overlooked.

This report, complementary to the IPCC‘s Assessment Re-
ports and Special Reports, should formulate concrete poli-
cy recommendations with 
a specific focus on tipping 
points. This should go be-
yond the IPCC mandate, 
which is to prepare infor-
mation for decision-makers 
though does not permit the 
formulation of recommen-
dations. In addition to the 
state of research, the report 
should compile information 
on the expected region-spe-
cific (socio-economic) con-
sequences and risks and 
scope of action that crossing 
of tipping points would trig-
ger, including continually 
updated probabilities and 
possible time scales for global and regional action. Recom-
mendations for action should be made (see functions) based 
on this information.

These recommendations should address foreign, security, and 
climate policy actors at different levels and be tailored to their 
fields of action. The early warning system would support and 
complement existing calls for improvements in the climate se-
curity architecture. For example, the call for a United Nations 
Climate Emergency Plan26 or call by the United Nations Se-
curity Council’s Group of Friends on Climate and Security for 
systematic strengthening of awareness of the security policy 

implications of climate change, including through a regular 
report by the UN Secretary-General with a focus on country- 
or region-specific contexts.27 There are also synergies with the 
joint statement of more than a dozen leaders from the fields 
of climate science, peace-building and security, policy-making, 
and implementing programmes.28 

Their demands and proposals focus on an effective fight against 
climate change and efforts to prevent or respond meaningfully 
to conflicts in order to mitigate future loss and damage while 
promoting peace and stability. The early warning system for 

tipping points can work together here concretely with the call 
for locally informed climate (security) risk assessments (the re-
sults of which are to be made usable for various early warning 
systems) in development cooperation and peace-building op-
erations.29 Here, the focus on the greatest risks – the tipping 
points – would quite effectively complement the other impor-
tant focus, on particularly vulnerable regions.

The G7 also recently recognised crossing tipping points’ threat 
of destabilising affected regions, and the need for scientific 
studies and scenario planning, as crucial elements of preven-
tive and climate-sensitive climate and foreign policy.30

A report for regular review

26 E3G/Born, C. (2019).
27 Auswärtiges Amt (2021).
28 Joint statement on climate change and conflict in IPCC report (2022) (im Kontext des Projektes „Weathering Risk“).
29 Ebd. 
30 Auswärtiges Amt (2022). 

Tipping Point
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In addition to its international anchoring, the early warning sys-
tem should operate at various political levels. This operation 
should include the following and other institutions:

Institutional linkages

National
Including ministries of foreign affairs, environment, cli-
mate, finance, economy, and interior; and where exist-
ing, national crisis mechanisms/personnel and nation-
al scientific advisory councils

Global:
Including the United Nations General Assembly, 
United Nations Security Council (UNSC), including 
its informal Expert Group on Climate and Security 
of Members of the United Nations Security Council 
(IEG) and its Group of Friends for Climate and Se-
curity, United Nations Climate Security Mechanism 
(CSM), United Nations Office for the Coordination 
of Humanitarian Affairs (UNOCHA), World Food 
Programme (WFP), United Nations Development 
Programme (UNDP), United Nations Environment 
Programme (UNEP), United Nations Framework 
Convention on Climate Change (UNFCCC), United 
Nations High Commissioner for Refugees (UNHCR)

Regional
Including the EU Foreign Affairs Council, Organization 
for Security and Co-operation in Europe (OSCE),31 Al-
liance of Small Island States (AOSIS), Peace and Se-
curity Council (PSC) of the African Union, Council of 
Foreign Ministers of the Union of South American 
States (UNASUR Consejo de Ministras y Ministros de 
Relaciones), Meeting of the Consultation of Ministers of 
Foreign Affairs of the Organization of American States 
(OAS), ASEAN Foreign Ministerial Meetings (AMM)/ASE-
AN Political-Security Community (APSC)

Next steps 

1)  Identify research gaps, including on (a) 
the current risk of crossing important tipping 
points or the possibility of limiting the dramat-
ic consequences through timely action after 
crossing; (b) comprehensive information on 
concrete region-specific climatic, physical, and 
socio-economic consequences in case tipping 

points are crossed; (c) concrete impacts on human sys-
tems and human security; and (d) timely response op-
tions at the regional and global levels.

2)  Develop concrete design of an appropriate body, with 
clear synergies with existing institutions, instruments, 
programmes, and projects, along with its institutional 
linkage and mandate.
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