How should scientists define "'tipping point"',
and should they even care?

Sebastian Bathiany

* K %
| | | | “* *
(blln‘.lrl X %
* *

* 5 *

Funded by
the European Union

Navigating Tipping Points: Definitions and Implications for Climate Science 11 October 2024



TI_ITI How should scientists define "tipping point"...?

Sebastian Bathiany

"little things make a big difference"
(Malcolm Gladwell)

"Tipping points are thresholds where a tiny change
could push a system into a completely new state."
(carbonbrief.org)

The
Tipping Point

HOW LITTLE/THINGS CAN
MAKE A BIG DIFFERENCE

Malcolm

AUTHOR OF TALKING TO STRANGERS
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World on brink of five ‘disastrous’ RiEX3iCY GV N v (P
climate tipping points, study finds Its “Tipping Point'?  \

Some Brazilian scientists fear that the Amazon may become

(The G uard ian : 8 . Se ptem be r 2022)1 a grassy savanna — with profound effects on the climate

worldwide.

(New York Times, 4. January 2023)?

A crucial system of ocean currents is heading for a
collapse that ‘would affect every person on the
planet’

We’re halfway to a tipping point that

3

(CNN, 26. July 2023) would trigger 6 feet of sea level rise
from melting of the Greenland Ice

Quotes have been collected by Keno Riechers. Sheet (CN BC’ 29. MarCh 2023)4

7oA 0 Q 0O (1) https://www.nytimes.com/2023/01/04/magazine/amazon-tipping-point.html
TIPE% === ——= m (2) https://www.theguardian.com/environment/2022/sep/08/world-on-brink-five-climate-tipping-points-study-finds
b

(3) https://edition.cnn.com/2023/07/25/world/gulf-stream-atlantic-current-collapse-climate-scn-intl/index.html
(4) https://www.cnbc.com/2023/03/29/were-halfway-to-a-tipping-point-for-melting-the-greenland-ice-sheet.html
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Such media articles imply:

"Tipping points™ are well-defined

We know in what parts of the Earth system they are

We can count them in a meaningful way

We can measure how far we are from a tipping point

We can predict the consequences of tipping
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"Atipping point is a critical threshold
beyond which a system reorganizes, often
abruptly and/or irreversibly." (IPCC ARG)

"Tipping points refer to critical thresholds in a
system that, when exceeded, can lead to a
significant change in the state of the system,
often with an understanding that the change is
irreversible." (IPCC, SR15)

"Climate tipping points occur when change
in a part of the climate system becomes self-
perpetuating beyond a warming threshold,
leading to substantial Earth system
impacts."

(Armstrong McKay et al., 2022)

"A level of change in system properties
beyond which a system reorganizes, often
abruptly, and does not return to the initial
state even if the drivers of the change are
abated. For the climate system, it refers to a
critical threshold when global or regional
climate changes from one stable state to
another stable state. The tipping point event
may be irreversible." (IPCC ARb)

“Abrupt climate change" is occurring "when
the climate system is forced to cross some
threshold, triggering a transition to a new
state at a rate determined by the climate
system itself and faster than the cause”
(Abrupt Climate Change: Inevitable
Surprises, Natl Acad Press.)
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Potential ingredients to characterise / recognise "tipping":

« abrupt response of output (climate) to input (forcing) => nonlinearity
* irreversibility => hysteresis

« self-amplifying processes (positive feedbacks) => mechanisms

» people affected, absolute time scale of transition, ... => impacts

There is a neverending confusion about definitions, depending on which criteria
need to be fulfilled.

"Tipping Point™ is not a concept for scientists but for policymakers!
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Phenomenological perspective Dynamical systems perspective
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abrupt state shift when external catastrophic bifurcation, involves

conditions vary gradually hysteresis and multiple stable states
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Statements (up to debate)

1. As ascientific community, we don't need to define "tipping point" in
order to research tipping points

2. "Tipping point" is already used in the media, so we should address
and define it in conversations with the public / journalists /...

3. In this context, it makes sense to focus on a phenomenological
definition that does not rely on mechanisms.
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