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Abstract. The concept and terminology of tipping points has been widely used to invoke the threats of passing thresholds of

irreversible and/or abrupt change in the near immediate future. However, climate change is primarily a problem of incremental

cumulative harm. A false emphasis on immediacy and abruptness is misleading and harms the public understanding of science.

As such, scientists should avoid this.5
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What are tipping points?10

Tipping points were introduced into climate science through the notion of abrupt climate change whereby gradual changes

in forcing were hypothesised to have the potential to trigger abrupt large-scale changes in the physical climate system. The

paleoclimate record contains evidence of abrupt changes that may be several degrees Celsius (at least locally) in temperature

in as little as a decade (Broecker et al., 1985), although these have tended to be linked to climatic states with much larger land

ice sheets than at present. This glacial background state is thought to be an important factor in facilitating these abrupt changes15

through e.g. ice sheet binge-purge oscillations.

The mathematical principles of hysteresis and bifurcation theory (of which catastrophe theory is a special case) are well

understood (e.g. Saunders, 1980) and models of the climate system have been shown to exhibit multiple stable states (Manabe

and Stouffer, 1988). This combination of observational and modelling evidence does indicate that abrupt changes between
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different climatic equilibria are in principle possible under a steady change in forcing, and the terminology of “tipping points”

was originally introduced into the climate change discourse in this context (see review of Russill (2015)).

In application to future climate change, the concept of tipping points has more recently been applied to regional subsys-

tems which may exhibit some qualitative divergence over time due to a threshold or sensitive dependence on forcing trajec-

tory (Lenton et al., 2008). With this looser characterisation, any time we define or identify a qualitative or quantitative threshold5

in the description of the climate system under anthropogenic forcing, we necessarily obtain in a tipping element under this def-

inition, since the set of anthropogenically-forced trajectories that do not exceed this threshold may be arbitrarily close to those

that do. Thus, these tipping elements are simply components of the climate system where researchers consider some degree

of change to result in a qualitatively different state. There is no notion of rapidity in this definition — formally, Lenton et al.

(2008) uses a 1000 year time scale — so these changes are not necessarily abrupt. Indeed it was noted by Lenton et al. (2008)10

that most of their proposed tipping elements have a response time scale which is slow relative to the current forcing changes.

For example, depending on the total anthropogenic emissions of CO2 , the climate system may well reach a state at which

the Greenland ice sheet has melted in an essentially irreversible manner, but even if we have already exceeded the temperature

threshold at which this would eventually happen (which experts consider unlikely, but perhaps possible), it is likely to take

several centuries to occur. This cannot be said to be rapid.15

In such a context, it it not so clear whether using the terminology of “tipping” is aiding or hindering understanding. If forcing

continues to rise indefinitely, the threshold will inevitably be exceeded, but conversely, if the rise in forcing could be halted

and ultimately reversed prior to the completion of the melt, then we may save the Greenland ice sheet. The only way to predict

the long-term trajectory of the system in this case would be to explicitly calculate it with a model which takes into account the

speed of response of the climate system.20

In this essay, I will argue that, while the long-term equilibrium response is undoubtedly of interest to scientists, use of the

“tipping” terminology in cases such as these does not seem helpful for informing the public and developing policy responses

to climate change.

Public understanding of ‘tipping points’

The “tipping” terminology and concept is inseparably linked to rapidity of change in general usage and public consciousness25

outside of the climate research sphere (Gladwell, 2006; Russill, 2015). Therefore it is perhaps not surprising that the public

interpretation of tipping points tends towards the melodramatic. When Greta Thunberg gave a speech to MPs in the UK’s

Parliament (Thunberg, 2019), she said:

“Around the year 2030, 10 years 252 days and 10 hours away from now, we will be in a position where we set

off an irreversible chain reaction beyond human control, that will most likely lead to the end of our civilisation as30

we know it. That is unless in that time, permanent and unprecedented changes in all aspects of society have taken

place, including a reduction of CO2 emissions by at least 50%.”
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One presumes that in these comments she was representing the scientific consensus appropriately as she understood it (aside

from the obviously exaggerated precision of the time scale), and indeed hundreds of scientists explicitly gave her their support.

And in case anyone thinks that allowing 12 years to halve our emissions is insufficiently challenging, the Extinction Rebellion

group have subsequently demanded that we reach zero emissions by 2025. We must emphasise that this is not just a matter of

poor wording from one schoolgirl; the United Nations Secretary General António Guterres has also talked of “runaway climate5

change” if we do not change course by 2020. These claims have very limited scientific support as we shall explore in the next

section.

What is the scientific consensus on tipping points?

Scientists have explored the possibility of tipping points in future climate change (Lenton et al., 2008; Steffen et al., 2018), but

have not found much evidence in support. As Cubasch et al. (2013, p 129) summarised: “there is no evidence for global-scale10

tipping points in any of the most comprehensive models evaluated to date in studies of climate evolution in the 21st century.”

More recently, Masson-Delmotte et al. (2018) considered the question of 1.5◦C of warming and made the point that immediate

and rapid reduction in emissions would be required in order to avoid exceeding this level of warming. This appears to have

been widely interpreted as giving us 12 years to save the planet. However, as one co-author Myles Allen (Allen, 2019) also

said:15

“So please stop saying something globally bad is going to happen in 2030. Bad stuff is already happening

and every half a degree of warming matters, but the IPCC does not draw a “planetary boundary” at 1.5◦C beyond

which lie climate dragons.”

Climate change is primarily an incremental and long-term process. Every year of postponement in serious mitigation of

emissions will lead to an increase of around 0.02–0.03◦C in maximum temperature rise, with this extra annual commitment20

itself rising gradually over time. Most of the warming effect from emissions actually occurs fairly rapidly, reaching its max-

imum in about a decade after their release into the atmosphere (Ricke and Caldeira, 2014) although of course the planning

and creation of infrastructure also often implies a commitment to future emissions over a significantly longer time period. The

prospect of exceeding 3 or 4◦C of warming in the coming century if emissions are unchecked should certainly be sufficiently

worrying to motivate policies to avoid this. Talking of commitment in the context of slow future changes implicitly assumes25

that forcing cannot be significantly reduced below current levels. However, if we can stabilise atmospheric concentrations —

implying a massive reduction in emissions by 80–90% from current levels — we could presumably also go a little beyond

this level and actually reduce the atmospheric concentration. Even zero net emissions would result in a gradual reduction in

atmospheric CO2 , albeit the concentration would remain elevated significantly above pre-industrial levels for many thousands

of years. It would of course be unwise to simply assume that technology will solve our problems at some unspecified point in30

the future, but in talking of commitment to future changes over long time scales (for example, several centuries of sea level

rise) it must be recognised that these commitments are not absolute but instead conditional on future inaction.
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We can define any thresholds we choose as denoting ‘danger’ but the basic processes of climate change are much closer

to continuous than discontinuous. The dominant features of the problem of climate change are the long time scale and dif-

ferential regional impacts which create serious issues of intergenerational and international inequity, rather than unpredictable

thresholds, abruptness and irreversibility of change.

Why is public understanding so poor?5

As noted above, the use of the ‘tipping’ term differs crucially in climate science from its usage in the wider public sphere. It

is hardly surprising that members of the public will not always understand this nonstandard usage in climate change research,

and they may also have difficulty in grasping time scales of change which are multi-centennial in nature (note that projecting

backwards 300 years also takes us to a society and economy vastly different to our current situation). It also seems that some

scientists have played up this misunderstanding, by exaggerating the impact and immediacy of their storylines. For example,10

the hothouse hypothesis of Steffen et al. (2018), became the catastrophe of Röckstrom (2018):

“We are the ones in control right now, but once we go past 2 degrees, we see that the Earth system tips over

from being a friend to a foe. We totally hand over our fate to an Earth system that starts rolling out of equilibrium.”

Similarly, the ambitious emissions reduction hypothesised by the IPCC was widely reported as implying we had 12 years to

save the planet. Let there be no doubt whatsoever, the massive preponderance of evidence is on the side of Allen rather than15

Rockström. However, with the message of the IPCC over several decades being seemingly insufficiently powerful to generate

the desired response, it seems that some climate activists have weaponised the language of tipping points in the hope that this

will alarm and motivate the public.

Discussion

In reality, there is not a dichotomous outcome where an empirical threshold demarcates ‘safe’ and ‘dangerous’ climates.20

Encouraging this misunderstanding is misleading and potentially damaging. Back in 2008, some were telling us we had 100

months to save the planet (the countdown website http://www.onehundredmonths.org set up at that time is no longer actively

updated) and there may be a limit to the number of times we can cry wolf. When we get to 2025 and emissions have not been

eliminated, anyone who believed that this was some firm deadline beyond which lay disaster, may feel somewhat demotivated.

In fact the difference between immediate stringent mitigation of emissions starting now, and equally stringent mitigation25

starting in 2030, is roughly a quarter of a degree of warming in the long term. This point is emphatically not intended as an

argument in support of such a delay, merely a plea that we address the costs and benefits of policy decisions in an honest manner.

A quarter of a degree of additional warming will bring a range of harms and damages to ecosystems, as well as costs to the

human economy that can be accounted for in financial terms. A further decade of delay beyond that, with its further concomitant

quarter degree or so of warming, would lead to somewhat greater additional harm and costs, and so on. The prospect of climate30
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changes that (if unchecked) could exceed 3 or 4 degrees in the coming century is certainly something many people would

reasonably be worried by. But there is no reason to believe there is a particular tipping point or threshold demarcating a safe

space with low harm, from a catastrophic collapse of civilisation. While there is legitimate scientific interest in exploring the

potential of the climate system to behave in abrupt and/or irreversible ways, the relevance of the “tipping” concept to our

current predicament is tenuous at best. Language of emergency and extinction crowds out more realistic discussion of the5

problem and our options in dealing with it.

The concept of the Overton Window (Lehman, 2014) has recently attracted attention as a metaphor for understanding the

range of policies that are considered viable in political discourse. According to this theory, promoting of a position on climate

change that seems currently extreme (i.e. outside the window of acceptability), may help to shift mainstream opinion in the

preferred direction. Some may therefore attempt to excuse the weaponising of the language and terminology of tipping points10

through the hope that this may shift the Overton Window to a position more favourable to mitigation policies, but an alternative

outcome of emphasising extreme positions may also be that the window is broken to the extent that there is strong polarisation

between alarmism and climate change denial, with little opportunity for honest and accurate debate over climate change. When

faced with a difficult or impossible task, fear and paralysis or even increased denial may result (Brügger et al., 2015; Wolfe and

Tubi, 2019; Haltinner and Sarathchandra, 2018). Rather than making ever-more-extreme claims about urgency and impending15

catastrophe, I would argue that the climate change problem should be more honestly described as one of gradual but significant

commitment to ever larger changes, which will certainly cause future harm in many situations.

Conclusions

There is legitimate scientific interest in understanding the potential of the climate system to behave in complex ways including

abrupt changes and thresholds. However there is limited evidence that this has much relevance to our future on policy-relevant20

time scales. “Tipping” terminology is also attractive through its attention-grabbing nature in public discourse. Despite, or

perhaps because of, this, we should be wary of invoking the term in situations where it does not genuinely apply.

Steven Schneider (Schneider, 1996) talked of the balance between being effective and being honest, and the hope that

scientists would manage to achieve both of these things. Focussing on thresholds and deadlines for rhetorical purposes risks

failure on both counts. Exaggerating the immediacy and severity of the problem may be intended to motivate action but it is not25

clear that this will be effective. Our interests would be better served by making serious and efforts than in hyping up fear over

ever-more-extreme scenarios of climate catastrophe. A primary responsibility of scientists is to be honest and avoid misleading

the public in our communication, and the creation of artificial deadlines and threats of imminent doom fails on both fronts.
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