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Sociological tipping

I
I

1969 - 1971 : Thomas Schelling: a
general theory of tipping
2000 : Malcolm Gladwell: The
Tipping Point
” The book seeks to explain and
describe the ‘mysterious’
sociological changes that mark
everyday life ”
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Climate tipping
15 NOVEMBER 2005

LINDSAY AND ZHANG

4879

The Thinning of Arctic Sea Ice, 1988–2003: Have We Passed a Tipping Point?
R. W. LINDSAY

AND

J. ZHANG

Polar Science Center, University of Washington, Seattle, Washington
(Manuscript received 2 December 2004, in final form 13 June 2005)
ABSTRACT
Recent observations of summer Arctic sea ice over the satellite era show that record or near-record lows
for the ice extent occurred in the years 2002–05. To determine the physical processes contributing to these
changes in the Arctic pack ice, model results from a regional coupled ice–ocean model have been analyzed.
Since 1988 the thickness of the simulated basinwide ice thinned by 1.31 m or 43%. The thinning is greatest
along the coast in the sector from the Chukchi Sea to the Beaufort Sea to Greenland.
It is hypothesized that the thinning since 1988 is due to preconditioning, a trigger, and positive feedbacks:
1) the fall, winter, and spring air temperatures over the Arctic Ocean have gradually increased over the last
50 yr, leading to reduced thickness of first-year ice at the start of summer; 2) a temporary shift, starting in
1989, of two principal climate indexes (the Arctic Oscillation and Pacific Decadal Oscillation) caused a
flushing of some of the older, thicker ice out of the basin and an increase in the summer open water extent;
and 3) the increasing amounts of summer open water allow for increasing absorption of solar radiation,
which melts the ice, warms the water, and promotes creation of thinner first-year ice, ice that often entirely
melts by the end of the subsequent summer.
Internal thermodynamic changes related to the positive ice–albedo feedback, not external forcing, dominate the thinning processes over the last 16 yr. This feedback continues to drive the thinning after the
climate indexes return to near-normal conditions in the late 1990s. The late 1980s and early 1990s could be
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Urging action about climate change

I

First use of “tipping point” in the context of climate change by J.
Schellnhuber, when clarifying the concept of “large-scale
discontinuites” for a BBC journalist.1

I

Hansen: Talk tribute to David Keeling: “Is There Still Time to Avoid
‘Dangerous Anthropogenic Interference’ with Global Climate?”
(2005)2 .
I

1 K.
2 C.

note the post-Katerina context, and the then debate about
collective and individual responsibilities.

Mossman. In: Proceedings of the National Academy of Sciences (2008).
Russill and Z. Nyssa. In: Global Environmental Change (2009).
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A few key actors

James Hansen

Joachin Schellnhuber

Marten Scheffer

Tim Lenton
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Urging policy action
I

Clark 19853 ,4
The policy on the CO2 question should be recast as a problem of
risk assessment and risk management

3 W.

C. Clark. Tech. rep. 1985.
Russill and Z. Nyssa. In: Global Environmental Change (2009).
5 idem
6 ibidem
4 C.
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Urging policy action
I

Clark 19853 ,4
The policy on the CO2 question should be recast as a problem of
risk assessment and risk management

I

Schneider (1988) ‘double ethical bind’

5

“where a concern for scientific accuracy must be balanced by
attention to media effectiveness”

3 W.

C. Clark. Tech. rep. 1985.
Russill and Z. Nyssa. In: Global Environmental Change (2009).
5 idem
6 ibidem
4 C.
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Urging policy action
I

Clark 19853 ,4
The policy on the CO2 question should be recast as a problem of
risk assessment and risk management

I

Schneider (1988) ‘double ethical bind’

5

“where a concern for scientific accuracy must be balanced by
attention to media effectiveness”
I

Hansen (2015) : motivating action. Tipping point used in the context
of Katerina
Hansen’s (2005) initial use of tipping point emerged in
opposition to the burning embers diagram of the IPCC
AR3“6

3 W.

C. Clark. Tech. rep. 1985.
Russill and Z. Nyssa. In: Global Environmental Change (2009).
5 idem
6 ibidem
4 C.
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Committed use of a sociological vocabulary

I

Nature (2006) editorial advises against the use of tipping point in
non-sociological context - uncertain science, distorting views, trigger
fatalism7

I

but Hansen, Schellnhuber, later Lenton carry on

7 Nature.

In: Nature (2006).
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Why ?

I
I

formal analogy (dynamical systems)
scientific and normative programe
I

I

identify the elements of control of tipping point to act on them
and “dangerous climate change”
resonance with the sociological concept: avoiding dangerous
climate changes requires a society change, a sociological tipping.
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The instrument: Generative metaphor9

I

load a popular concept with scientific content8

I

generate a feedback between the popular concept and the new
meaning “serves as an alternative description able to illuminate and
re-prioritize different aspects of a complex situation”

I

load the scientific concept with values and imagery

other climate examples: Conveyor Belt (Broecker), Switches,

8 D.
9 C.

A. Schön. In: Metaphor and Thought (1993). Ed. by A. Ortony.
Russill and Z. Nyssa. In: Global Environmental Change (2009).
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Interference with Paris agreement
opinion & comment

Today, Earth system science has come
of age and can provide robust evidence
for the intuitive assumption that it is not
good idea to leave the “safe operating spa
of humanity 6,7, and that this space is well
6
within the Paris confines. The keywords
in this context are non-linearity and
irreversibility. Impacts research indicates
RCP6.0
4
that unbridled anthropogenic climate
change would be most likely to play out
RCP4.5
in a disruptive and irreparable way. This
2
Paris range
becomes clear when one moves from
RCP2.6
the conventional, yet valuable, realms of
0
analysis (“How will wheat yields vary wit
changes in local temperature, precipitatio
insolation etc?”) to the macro-componen
−2
mega-patterns and super-ecosystems tha
determine how the climate system functi
as a whole (“When will the Greenland Ic
−20000
−15000
−10000
−5000
0 2000 2500
10Sheet collapse under progressive global
Year
warming?”). These critical entities have
been called tipping elements8, since their
Figure 1 | Tipping elements in context of the global mean temperature evolution. Shown is the globalcharacter is closely related to certain poc
mean surface temperature evolution from the Last Glacial Maximum through the Holocene, based on
of planetary state space. This means that
palaeoclimatic proxy data35,36 (grey and light blue lines, with the purple and blue shading showing one
those elements may be destroyed, damag
standard deviation), instrumental measurements since 1750 ad (HadCRUT data, black line) and different
or transmuted if critical threshold values
global warming scenarios for the future (see ref. 37 for the latter). Threshold ranges for crossing various
10 H. J. Schellnhuber, S. Rahmstorf, and R. Winkelmann. In: Nature
(tipping
points)change
of key environmental
Climate
(2016).
tipping points where major subsystems of the climate system are destabilized have been added from
8
parameters are transgressed. 15 / 32
ref. 8, 14 and 37–40. (Note that we follow the tipping point definition of Lenton et al. which does not
Permafrost
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Dynamical system’s theory

dx
= f (x)
dt
I
I
I
I

(1)

fixed points
stationary solution
limit cycles
chaos

Note:
Barry Saltzman is probably the one who most introduced dynamical
systems’s thinking (with non-linereaties, chaos), in collaboration with
Lorenz who has been better at popularizing it. Saltzman’s legacy is
unfortunately unknown outside specialist circles.

17 / 32

The Lameray diagram of stability

I

I

Supposes a coupled system
Vegetation - Precipitation, with
a non-linear dependence V ? (P).
We look for a fixed point (V , P)
where both are in equilibrum
with each other.

V. Brovkin et al. In: J. Geophys. Res. (1998)
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Bifurcation (with the Lameray Diagram)

A so-called “fold” bifurcation occurs
when climate changes (change in
P ? (V )), as some equilibrium solution
may disappear. This is a catostrophe
collapse.
a
a V.

Brovkin et al. In: J. Geophys. Res. (1998).
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Bifurcation (in terms of potential landscape)

The fold bifurcation may be re-interpreted as a change in potential
landscape.
Dynamics and Statistics of the Climate System, 2016, Vol. 1, No. 1

15

refinements based on the mathematical notion of bifurcation:
I

bifurcation language rightarrow B-tipping, N-tipping, R-tipping11
Figure 4. Slowing down and its indicators in a destabilizing system. Here, the position of the ball indicates the state of the system which is subject to random perturbations. The minima in the stability landscape are stable states. If the system is far from
the bifurcation (A) it is more stable than close to the bifurcation (B). Far from the bifurcation, the system recovers quickly from a
perturbation (C), and its variability in the steady state is small and fast (D). Close to the perturbation, the recovery is slow (E), and
as a consequence, the variability shows long excursions from the mean and has larger total magnitude (F) (adapted from Scheffer
et al., 2012).

11 P.

Ashwin and P. Ditlevsen. In: Climate Dynamics (2015).
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Mathematical Biology

I

Tradition of modelling
ecosystems and biological
systems with dynamical systmes
(May, Lotke Volterra)
I

I

Marten Scheffer’s
successful book: “Critical
Transitions in Nature and
Society” (2009, Princeton
University Press)
link with Catastrophes’
theory of René Thom

Scheffer 2009, p.31 + important
thread of research on early
warning signals
21 / 32

Oceanography (1990s - 2005)

L23605

RAHMSTORF ET AL.: THERMOHALINE CIRCUL

curve, part
1995].

“Rapid” climate change context
Dansgaard-Oeschger events
I “Shut-downs of ocean
circulation”
I The Day after tomorrow
I Achille’s heel
I

3. Partic

[8] The c
librium ther
squarely in
(EMICS) [C
fall into thr
atmosphere
GCMs coup
‘‘stripped-d
a
models use
Figure 1.a Schematic of hysteresis, with solid black lines far more fro
would.Lett
One
S. Rahmstorf
al. In:
Geophysical
Research
indicating stable
equilibriumet
climate
states
and dotted black
lines unstable states. Different types of transition are some mode
indicated by colored arrows: (a) an advective spindown some mode
related to Stommel’s salt transport feedback, (b) a convective sphere, whi
shutdown related to Welander’s ‘‘flip-flop’’ feedback, (c) a balance. A
transition between different convection patterns, and (d) the between the
restart of convection. A full hysteresis loop cycles between adds creden
the ‘‘on’’ and ‘‘off’’ states of the Atlantic thermohaline models. An
circulation via transitions (a) and (d). Small arrows show in Table 1.
the movement in phase space of non-equilibrium states.
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W. Clark
10

W. C. Clark, P. J. Crutzen, and H. J. Schellnhuber

12
Figure 1.1

Geographically explicit switch and choke elements in the Earth system.

While the criticality analysis of the planetary ecosphere is making good progress and promises to support, in the not-too-distant future, global stewardship
with a comprehensive list of neuralgic items that must be treated with utter caution, the complementary criticality analysis of the anthroposphere has not yet
12 W.
begun:
What
the irreplaceable
components
industrial metaboC.are
Clark,
P. J. Crutzen,
and of
H.theJ.global
Schellnhuber.
In: SSRN Electronic Journal (2005).
lism? On which agricultural region will future world food production crucially
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T. Lenton

Fig. 1. Map of potential policy-releva
tipping elements in the climate system, u
dated from ref. 5 and overlain on glob
population density. Subsystems indicat
could exhibit threshold-type behavior in
sponse to anthropogenic climate forcin
where a small perturbation at a critical po
qualitatively alters the future fate of t
system. They could be triggered this centu
and would undergo a qualitative chan
within this millennium. We exclude from t
map systems in which any threshold appea
inaccessible this century (e.g., East Antarc
Ice Sheet) or the qualitative change wou
appear beyond this millennium (e.g., mari
methane hydrates). Question marks indica
systems whose status as tipping elements
particularly uncertain.

13

nation states and current political entities. Thus, we focus on th
cur immediately after the cause or much later. The definition
encompasses equilibrium properties with threshold behavior as
consequences of decisions enacted within this century th
well as critical rates of forcing. In its equilibrium application, it
trigger a qualitative change within this millennium, and w
includes all orders of phase transition and the most common
exclude tipping elements whose fate is decided after 2100.
13 T. M. Lenton et al. In: Proceedings of the National Academy of Sciences (2008).
bifurcations found in nature: saddle-node and Hopf bifurcations.
In the limit #! 3 0, condition 1 would only include vanishin
The definition could in principle be applied at any time, e.g., in
equilibria and first-order phase transitions. Instead we
consid
25 /
32

S. Bathiany et al.

14
Figure 5. Regions with the potential for abrupt shifts in two previous studies. (A) Potential tipping elements in Lenton et al. (2008)
[Copyright (2008) National Academy of Sciences]. (B) Abrupt shifts in complex climate model simulations modified from Drijfhout
et al. (2015).

aded from https://academic.oup.com/climatesystem/article-abstract/1/1/dzw004/2562885
st
February 2018

14 S.

Bathiany et al. In: Dynamics and Statistics of the Climate System (2016).
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enhance an abrupt change. An illustrative example is a simulation of the end of the Green Sah
and (2006). As soil moisture fluctuates on longer timescales than rainfall, vegetation can still
a drying trend. When the soil water is finally exploited, climate can have changed substantia

The landscape potential

Zeeman (1976) redrawing ofFigure
René
2. Stability landscape of the Green Sahara and desert. The larger the atmosphere–vegetation feed
the lower left of the figure), the sharper the transition between the two states. (Modified from Model Ca
Thom’s ”cusp” catastrophe, which
is
Elsa Wikander at Azote, funded
by the Beijer Institute
Economics and the and
Stockholm Resili
S. Bathiany
et ofal.Ecological
In: Dynamics
essentially the depiction of a fold
Statistics of the Climate System
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bifurcation
Downloaded from https://academic.oup.com/climatesystem/article-abstract/1/1/dzw004/2562885
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Beyond bifurcation: Lenton 2008 criteria15

A system Σ is said to be a “tipping element” if the following
condition is met
1

2

3
4

There exists a critical control parameter, with small variation causing
large qualitative change
Human activities can interfere with the control parameter within
“political time horizon”
The qualitative change lies within “ethical horizon”
A significant people will be affected

15 T.

M. Lenton et al. In: Proceedings of the National Academy of Sciences (2008).
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People network

I
I
I

I
I
I

Lenton was a student of Watson, student of Lovelock (Bifurcation
imagery in Daisyworld)
Lovelock’s influential programme of “Gaia” / “Medecine for Planet
Earth”
Brovkin worked (and still does) under the supervision of M. Claußen,
at the time under the direction of Schellnhuber as head of the
Potsdam Institute for Climate Impact Research
Schellnuhber/Claußen’s workshop in Potsdam in 1999: Saltzman,
Lenton, Claussen (. . . and me!)
Steffen used to head the IGBP programme (cf. Dutreil’s thesis)
Scheffer is biologist
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There is growing
understanding of the
importance of functional
biodiversity in preventing
ecosystems from tipping
into unde- sired states
when they are disturbed

Holocene state. The result could be irreve
ible and, in some cases, abrupt environmen
change, leading to a state less conducive
human development6. Without pressure fro
humans, the Holocene is expected to contin
for at least several thousands of years7.
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J. Rockstrom et al. In: Nature (2009)

s

Anthropocene imagery

stable environmental state of the Holocene,
with consequences that are detrimental or
even catastrophic for large parts of the world.
During the Holocene, environmental
change occurred naturally and Earth’s regulatory capacity maintained the conditions
that enabled human development. Regular
temperatures, freshwater availability and
biogeochemical flows all stayed within a relatively narrow range. Now, largely because of
a rapidly growing reliance on fossil fuels and

us
e

Figure 1 | Beyond the boundary. The inner green shading represents the proposed safe operating
space for nine planetary systems. The red wedges represent an estimate of the current position for
each variable. The boundaries in three systems (rate of biodiversity loss, climate change and human
interference with the nitrogen cycle), have already been exceeded.
472
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Conclusions
I

I
I

The concept of tipping point plays on the ambiguity between policy
science, social sciences, and Earth sciences. It is value loaded,
ethically constrained, and part of a political project (following the
principle of the double ethical bound)
It stands on mathematical foundations (bifurcation theory), but
transcends them.
The graphical imagery plays a large role:
I

I

I

Chris Russill sees as generative metaphor in action

The broader project is that “climate change governance” requires a
scientific interface between Earth system science and policy. This is
also a social and economical science problem.
It also announces the reign transition from physicists to
“system-science” scientists in climate science
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