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‘Earth’s critical organs’: Climate tipping elements
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Interacting climate tipping elements
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Potential risk of climate domino effects under global
warming?

65% initiator . . .
29 % occurrence Roles of tipping elements in
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Characterising overshoot trajectories
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Safe overshoots (safe climate landing zones)

Convergence temperature 1.0°C
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Climate tipping risks under policy-relevant overshoot
Moller/Hégner, ..., Wunderling (in review) pat hways
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Risk of at least one element tipping (%)
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Cascading climate tipping events and can society prevent them?
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(Very) conceptual and coupled socio-climate model
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The coupled socio-climate model summarized
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Effective strategy to minimise tipping risks
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Climate tipping risks under policy-relevant overshoot
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Avoiding tipping risks effectively

Peak temperature [°C]
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Feedback from the socio-political acceptability
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Effects taken into account
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Exemplary timelines of the four interacting tipping elements

A Strong emission reduction Intermediate emission reduction Business-as-usual
\\\\\\ S
) 1.0 ..... N N : N AN
5 Tran5|t|oned reglme Qk Tranmtmned reglme\\\ % Transitioned reglme\
E . 5 \\\\\\\\\\\ﬁ\ NN ANARRRRRRR, \\\ NN NANRRRRRRRRNNNNR,
E, West
a 0.0 Poor cooperation N i;tg::ctma Poor cooperation Poor cooperation
=
5 05| g i I
A, / W// N
0 _1.0 T TIEE }/ / Vel ////,'/ """"" /
Baseline regime //// Baselme reglme Basellne reg|m9/7 //

B
T T I
2 10 \\ \\\ \%\\\\\\\\ % R
@ Transitioned regime ransitioned regime Transitioned reglm\\\
E - IR \K\\.‘\\\‘\k \ \‘\\\\\\\\\\\\\\‘\
o 0.5
(=]
E_ 0.0 ffective cooperatio Effective cooperation Effective cooperation
8
E -0.5
m
v

. ///VJM//? 7 7 f;'{’,’{”ii,,/“”
o // /Basellﬁfér ?Eglmxeffy//// A}Bfls/;/lrirle’[gé?;n:a// ///// Basellneégme////

500 1000 1500 2000 2500 3000 O 500 1000 1500 2000 2300 3000 O 500 1000 1500 2000 2500 3000
Time [yrs] Time [yrs] Time [yrs]

21



Tipping risk [%]

Tipping risk [%]

Tipping risk [%]

100

200

Time to reach safe temperatures

Time to reach safe temperatures [yrs]

300 400 500 600 700

Business-as-usual scenario (BAU)

0 ) &b

o o 4 19} §’_’ "

> o w 7)) "

©IN m a o > x5 5 g g e

I I i I N0 o o B8

oy K I edio g lo I I I T oy

SHISBeBsSBEsBlS &S g2 2 e | | U

SRINSH NS NS RS B M 282 o5 o8

- had + + &2 &Y ey
- - -
1 T I- I- I- I- I- l- I- I- I- T
2 4 6 8 10 12 14 16 18 20 22 24

Pressured

It is not enough to stop emissions at 1.5 or 2.0°C above
pre-industrial and then keep temperatures constant!

Global Warming (in °C, relative to pre-industrial)

10

tipping
|~ very |ikely

}- likely
}-possible I [

current warming

maximum —,
central —.
minimum
estimate

- - w — w c o - - — —_ Y
T 3 02 ¥ & 0§ 5 8 £ B YOS ¥ o5 OLO%
£ £ ¥ £ s B G a 7} < a £ T i £

£ & g © & £ @ o s o2 £ B
Ll n o o n @ ™ o o = L] = [ H [ wn

-2 g ¢ B 8 4, 2 9 = - £ 3 § 5 g ¥ g
[ [v] o 2 = £ )] ] ] o = 5 F . U
= = o FE © © £ c 2 g & = v v @ =

[*] (¥] = o o (&} — Z - "
] = ¢ O % 2 o ® e B . =2 = E £
5 ¢ % 4 & ¥ < & ®» & o © g T g b
— = = < o N = - i ] L
-4 5 & = B - T E ® £ 2 @ w 8
] - - -~ o v u T - - 3
£ 1 3 ¢ g = 2 o 2 E 2 3 & § «
= X B -
® 8 9 w 5 2 % d & 5 ©® < %
@ o o % © R - = o 2 &
-6 2 [+] ° w 8 T <] w
o 3 c g @
g £ < g
-
[}
5 ©
w

-8

—20000 —15000 —10000 —5000 0
Year {CE}

Armstrong McKay, et al. (2022, Science)

22



Tipping risks dependent on the peak temperature and
the time to reach net zero emissions

Peakstem%e(t)'ature3 [5°C] Time to reach Net-Zero emissions [yrs]
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The small role of interactions between the tipping
elements (reason: interactions need time)
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Reason for societal pressure - lowest T,;; (separated)

Critical temperatures
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Reason for societal pressure - fastest TE (separated)

Tipping element with . Effective
A the lowest threshold B FooRenopermtion ¢  Cooperation

Tipping times

TQIs 1,000 — 15,000 [yrs] McKay et al.
TWAIS 500 — 13,000 [yrs] McKay et al.
TAMOGC 15 — 300 [yrs] McKay et al.
TAMAZ 50 — 200 [yrs] McKay et al.
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2022)1

. — —
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Idea for future research

Emergent constraints

 Xx: Observable

 vy: Description of the Earth system
under global warming

° Functional dependence of x on Yy Time to reach safe temperatures [yrs]
100 200 300 400 500 600 700
y=f(x)+¢

Emergent constraints in social or socio-
climate (socio-ecological) systems?
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Further examples for emergent constraints

Equilibrium Climate Sensitivity (K)

(g) ECS versus Variability (CMIP5)
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(h) TCR versus Trend (CMIP6)
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Transient Climate Response
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