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Dynamics of cascading failures on networks:
Measuring vulnerability in connected systems
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Tipping elements in the climate system
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www.pik-potsdam.de/services/infodesk/tipping-elements

Képpen Climate Classification

Tipping elements are systems, where a small perturbation can be sufficient to induce a
gualitative change of the whole system as soon as a critical value (tipping point) is approached.
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Networks of connected tipping elements
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Kronke, Wunderling et al. (PRE, in review)

o O g
=== 3 [RTG

1740
! o o

)
It

-
|


Presenter
Presentation Notes
We developed a package for general network structures of any kinds of coupled tipping elements (available on github)


The Amazon rainforest as a tipping element:
Network approaches to environmental transformations
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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

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

Source: BBC (forest fire 2019)

Source: BBC (drought
2010)

Source: BBC (deforestation 2019)
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Staal, A., et al. (2018). Nature Climate Change

Note:
Regions within the Amazon are dependent on each
other due to moisture transport
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The Amazon rainforest as a tipping element

1 s . . :
! Moisture outflow Moisture inflow |
1

Rainfall

Forest cover

- Moisture
~ . recycling

..............................................

Reduced

N ' Reduced

i : 'v‘\ . moisture outflow : moisture inflow
J._..f : {2/__\ ' iReduced : Reduced
.‘} “L.ﬁ\ ! evapotranspiration rainfall
{ !
5 1
\ )i Y Forest loss
J

..............................................

O N N

P 1 K


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)



Networks of tipping elements

300 Input:

1. Rainfall of the specific cell
02 Moisture recycling network from
GLDAS (2003-2014, Staal et al., 2018)

= Which regions of the
Amazon rainforest are
w0 most vulnerable?

/| 500

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)
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Stability against droughts: When does the rainforest tip?
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3500 Rainforest is adapted to past conditions

Y
3000 =

E
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20002 - Mean annual precipitation (Rainfall)
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Tipping rule:
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Evaluation data:
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Presenter
Presentation Notes
Data available for whole Americas (potentially: globally)



Stability against droughts: When does the rainforest tip?

Regions vulnerable to droughts/‘?
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Stability against perturbations in forest cover?
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Stability against fixed thresholds

oo Old tipping rule:
Average — 2 Standard Deviations
2500
20005 New tipping rule:
) i)  Mean annual rainfall below 1000 mm/yr
i)  MCWD > 350 mm/yr
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| think | got it,
but just in case
| will explain it
once more
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Conclusion

1. Investigation of tipping casc
the Amazon rainforest with
to

- Adaptive thresholds (Drougt

- Removal of forest cover
(Deforestation?)

- Fixed thresholds (Fire?)

2. Github package available
to simulate tipping cascades

D 29 commits

Eranch; master =

: jkroenke Add adjust normal_pars method to tipping_network class and renamed in... ==

i modules
B scripts

W tests

) .gitignore

E READMEmd

README.md

New pull request

2 branches > Oreleases

Add adjust_normal_pars method to tipping_network class and renamed in...
Add adjust_normal_pars method to tipping_network class and renamed in...
Add small info texts about directories.

Add net_factory module.

Update README.md

PyCascades

Python framework for simulating tipping cascades on complex networks

Project Structure

‘Droughts

44 2 contributors

Create new file =~ Upload files = Find file Clone or download ~

Latest commit 462ee17 13 days ago

13 days ago
13 days ago
a month ago
26 days ago

a month ago

The project consists of a modules directory where classes and functionalites are defined. The contents of this directory are

ment to be very general and reusable for similar purposes. Additionally there is a scripts and a tests directory. These

directories can be used to write concrete scripts that run physically meaningful simulations to solve special problems and
conduct tests to verify the functionality of the content of the modules directory. The contents of these directories are not

ment to have dependencies among each other and self defined modules should only be imported from the modules

directory.

on networks

-

Github repo
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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)
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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).


Risk of domino effects in the

Climate system
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Coupling constant
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Risk of domino effects in the Climate system
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Donges, Wunderling, Kurths, Winkelmann (in prep.)

_,,.'m‘a'
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Reduction Freshwater
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Enha water — . e
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* 2
“"Sa]j_rlity gradient increase & Fast
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-===% direction unclear
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Wunderling, Donges, Kurths, Winkelmann (submitted)

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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