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www.pik-potsdam.de/services/infodesk/tipping-elements

Tipping elements in the climate system

Tipping elements are systems, where a small perturbation can be sufficient to induce a 
qualitative change of the whole system as soon as a critical value (tipping point) is approached.
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Networks of connected tipping elements

Individual dynamics

Coupling term
Krönke, Wunderling et al. (PRE, in review)

Presenter
Presentation Notes
We developed a package for general network structures of any kinds of coupled tipping elements (available on github)
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The Amazon rainforest as a tipping element:
Network approaches to environmental transformations

Thanks to contributors:
A. Staal, B. Sakschewski, K. Thonicke, HMJ. Barbosa, JF. Donges & R. Winkelmann 
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The Amazon rainforest as a tipping element

Hirota, M., et al. (2011). Science

Parameters influencing the Amazon adversely (among others):
1. Droughts (Seasonal, Annual precipitation patterns)
2. Fire & Deforestation (Natural, Anthropogenic)
3. Climate Change (Adaptation to new environmental 

conditions)

Source: BBC (drought 
2010)

Source: BBC (deforestation 2019)

Source: BBC (forest fire 2019)
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The Amazon rainforest as a tipping element

Staal, A., et al. (2018). Nature Climate Change

Staal, A., et al. (2018). Nature Climate Change

Zemp et al. (2017), Nature Communications

Note:
Regions within the Amazon are dependent on each 
other due to moisture transport

Moisture 
recycling

Presenter
Presentation Notes
Different regions of the Amazon rainforest are not independent of each other, but rainfall is transported between them in the form of tree transpiration and interception evaporation (among others)
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Networks of tipping elements

Which regions of the 
Amazon rainforest are 
most vulnerable?

Input:
1. Rainfall of the specific cell
2. Moisture recycling network from 

GLDAS (2003-2014, Staal et al., 2018)

Setup: Each node is a tipping element
1. Two stable states exist: Rainforest or a savanna/treeless state
2. Critical variables: Mean annual precipitation & drought index (MCWD)

Zemp et al. (2017), NComms
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Stability against droughts: When does the rainforest tip?

Past conditions (from GLDAS 1973-2002):
- Mean annual precipitation (Rainfall)
- Drought index (MCWD) 

Average

Average

Standard deviation

Standard deviation

Assumption:
Rainforest is adapted to past conditions

Tipping rule:

Average – 2 Standard Deviations
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2010 – Rainfall

2010 – MCWD

Evaluation data:

2003-2014:Rainfall, drought index, 
Moisture transport network

Presenter
Presentation Notes
Data available for whole Americas (potentially: globally)



9

[m
m

/y
r]

[m
m

/y
r]

Average

Average

Stability against droughts: When does the rainforest tip?

2005 – Tipped cells

2010 – Tipped cells

Regions vulnerable to droughts?

Ti
pp

in
g 

pr
ob

ab
ilit

y 
du

e 
to

 d
ro

ug
ht

s



10

Stability against perturbations in forest cover?
Average

Average

Vunerability map due to 
removal of forest patch
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Stability against fixed thresholds
Average

Average

Old tipping rule:
Average – 2 Standard Deviations

New tipping rule:
i) Mean annual rainfall below 1000 mm/yr
ii) MCWD > 350 mm/yr
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I think I got it, 
but just in case 
I will explain it

once more
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Conclusion
1. Investigation of tipping cascades in 

the Amazon rainforest with respect 
to 

- Adaptive thresholds (Droughts?)
- Removal of forest cover 

(Deforestation?)
- Fixed thresholds (Fire?)

2. Github package available
to simulate tipping cascades
on networks

Droughts

Deforestation

Fire

Github repository
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Thank you!
Contact:

Nico.Wunderling@pik-potsdam.de

The Amazon rainforest as a tipping element: 
Network approaches to environmental transformations
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Structures of vulnerability: The notion of motifs

Wunderling, Stumpf et al. (Chaos, in review)

Presenter
Presentation Notes
When introducing the notion of motifs, they occur more often in real world networks (Milo et al., 2002). They have been investigated in biology (cancer), internet or for authorship verification purposes. They seem to forward some kind of information more efficiently in real world networks (motifs = building blocks of networks).
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Risk of domino effects in the Climate system

Schellnhuber et al. (2016)Lenton & Williams (2013) Coupling
Critical temperatures



Donges, Wunderling, Kurths, Winkelmann (in prep.)
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Wunderling, Donges, Kurths, Winkelmann (submitted)

Risk of domino effects in the Climate system

1) Find roles of tipping elements within cascades
2) Determine vulnerability of climate tipping elements
3) Risk analysis approach with complex networks
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