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There is evidence for tipping points in the climate
system, but what is the risk for tipping cascades
due to interactions”

Tipping elements at risk:
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Steffen et al., PNAS (2018)



Interactions between climate tipping elements:
start with stylised modelling, because current Earth
system model do not capture this well or are too slow
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Model of a generalised tipping
element with fold bifurcation

Stylised model of an isolated tipping element:
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Interacting generalised tipping

elements

General form:
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Two interacting tipping elements:
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e.g. chain of lakes connected by river

Unidirectional coupling X, - X,

c2=0.8

Coupling functions:
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Bidirectional coupling with
negative feedback

e.g. Greenland ice sheet
and thermohaline circulation
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Domino effect
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Coupling functions:

Cy, (x2,%1) = dqx;
Cy, (x1,x3) = dyxy

Coupling strengths:
d, <0 d,>0.

|d1| ~ |d2|
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Extensions to larger networks
of tipping elements

e.g. interacting climate
tipping elements
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Tipping cascades In general

complex networks
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Network of generalised
tipping elements
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Network of interacting climate tipping
elements: study potential cascading
dynamics using stylised network model

Reduced warming Melt of - T -y,
of @reenland P Greenland ~°_ _ _ _ _ B
lce sheet ~o A e ™l
N SRR N
~ Sy N
Cooling of NE tropical freshwater ) RN & b\
Pacific, thermocline 'nplit,’ A \
shoaling; Weakening- - — _ - \ \\
of annual cycle in EEP Collapse of y - \\ h
,’ — = 3§ .~ Atlantic —RL \ \
Enhanted water vapour — thermohaline b, \ \
/“export from Atlantic : : ) \ \
\\ i circulation |1 S . \ \ 1
N Fast advection of salinity ‘l I
. | \ i I
* Dieback of Southward shift of ‘ anomaly to No[th Atl'antlc o
Shift to a Amazon Intertropical I Increase in‘meridional _ ;= %
(more) persistent rainforest Convergence zone ! salniy gracient: I T
El Nino regime / y /.
g ‘ l b ) &
Y N Drying over , // / VAR
I >« _ Amazonia 7/ > g / 7 2
I o Heat accyrhulationin =~ R
: Tropical moisture / Southern Ocean Sea level rise Causing
| \\supply changes- e < grodnding fine retreat
‘| - ’ / il & g il
: — e -
‘\Wa’&m'“g dOf Ross and Disintegration of West == e
X ~m_u?_ SenSeas-=E=P "  Antarctic Ice Sheet [=====
. —»  mmmmmmm - > >
Decrease in Probability Increase in Probability Uncertain Direction of Change

Cai et al. (2016) after Kriegler et al. (2009)



Shifts of critical thresholds due
to tipping element interactions
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Roles of tipping elements in cascades: ice sheets
appear as main initiators of cascades, AMOC is
an important transmitter of cascades in this model
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Summary

1. Important to study dynamics of tipping elements under
global warming due to large potential impacts on
human societies

2. Interactions of tipping elements and potential for
domino effects are still understudied and large
uncertainties exist in various parameters and
interaction structure

3. Risk analysis approach based on stylised network
model and Monte Carlo propagation of uncertainties to
guide more detailed analysis with process-based
models
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