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Early Warning Signals (EWS)

as Indicators of Resilience
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Indicators of transitions ihme
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Indicators of transitions in time

Carpenter & Brock, 2006

Vasilis Dakos

(a) ]

Water P (g m )

0 - :
{0, (B 000

0,002 RNV ES (004

le+]
letl -
le=1

le=2 A

o
g

le-3
le=4
le=5 Fy
le—i& r.Y
le=7 - .

le-§ { &

le=9
le=101

Water P SD (g m™)

a

Rising variance

Te=11
000 0,001

Wageningen University

0.002 0,003 0.004
Input coellicient (c)

Spatial correlation asleading indicator of catastrophic shifts



Nature Precedings : doi:10.1038/npre.2009.3858.1 : Posted 12 Oct 2009

Indicators of transitions in time
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Indicators of transitions in time
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Increasing autocorrelation at-lag-1
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Indicators of transitions iapace
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Indicators of transitions in space
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Indicators of transitions in space
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Indicators of transitions in space
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Correlationin Spaceas an
Early Warning Signal?
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Critical slowing down prior to a transition
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Slowing down In space?
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Patches become more dependent one on another:
Start to appeasimilar not only tothemselvedut also to theineighbors
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Three simple spatial explicit bistable models
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=Qverharvesting model
(May, 1977)

=Eutrophication model
(Carpenter et al, 1999)

=\/egetation-turbidity model

(Scheffer, 1998)

Estimate and compare spatial and
temporal correlation indicators:

=temporal autocorrelation at-lag-1

=spatial correlation of neighbors
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Spatial and Temporal correlations vs. Connectivit
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Spatial or Temporal correlation as indicator?

Overharvesting model

Eutrophication model Vegetation - Turbidity model
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Take home message #1

= Spatial correlatioetween neighborscreaseprior to a
transition due toslowing dowri in space.
Slowing down makes neighboring patches to beconte mo
similar to their neighbors through diffusion.

= Spatial correlatiorcan qualify as early warning signal for system
transitions and may be used agsrahcator of resilience

= However it Is aelative measurand should be treated agstem
specific
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Take home message #2

=Estimating ecosystem resilience: Spatial or Tenlpmmaelation?

depends ostrength of diffusiorandheterogeneitamong patches
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Designing Monitoring Schemes:

= Spatial correlation uses snapshots (aerial photos)

= Temporal correlation requires continuous monitoring
(costly and difficult)
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