MS64: Emerging Models of Resilience

SIAM DS17 ¢ May 22, 2017

3:45-4:10 Introduction
Katherine Meyer, University of Minnesota

4:15-4:40 Break

4:45-5:10 A Flow-Kick Framework for Exploring Resilience
Alanna Hoyer-Leizel, Mount Holyoke College
Sarah lams, Harvard University
lan Klasky, Victoria Lee, and Stephen Ligtenberg, Bowdoin College
Katherine Meyer, University of Minnesota
Mary Lou Zeeman, Bowdoin College and Cornell University, USA

5:15-5:40 Emergence and Resilience of a New Alternative State In
the Gulf of Maine
Steven Dudgeon, California State University, Northridge
Peter Petraitis, University of Pennsylvania
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Emerging Models of Resilience
-Introduction-

1. Why resilience?
2. Resilience quantification

3. An example
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Resilience:

RESILIENCE
thinking
G e “[T]he capacity of [a] system
"o to absorb change and
g/ b disturbances and still retain its

| basic structure and function”

Brian Waller

- Brian Walker and David Salt




Disruption to
food web

Oligotrophic Lake Eutrophic Lake

Carpenter et al., Ecological Applications, 1999
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http://resac.gis.umn.edu/water/regional
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Resilience to What?

- disturbances...

Carpenter et al., Ecosystems, 2001



Disturbances

http://ocean-acidification.net
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Disturbances

http://ocean-acidification.net
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Common Resilience Indicators

I basin width I

| distanceto ound | t e e
| threshold | bounds resilience to a single “kic

steepness

controls balance between
disturbance and transient
dynamics

—<O > —@ < O—— x
““eigenvalues of linearization
near-equilibrium return times for small perturbations

Meyer, Natural Resource Modeling, 2016
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What does “steepness” really measure?

steepness

Vix)



What does “steepness” really measure?

Walker et al. (2004)




What does “steepness” really measure?
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A possible definition of steepness

x" = f(x) +g(t) V(x) )
|g|sup =T
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A possible definition of steepness
x'=f(x) +g(t) r=g o

o ®
|g|supST r =8+ ¢&:

In analogy to McGehee (1988):
Chain Intensity of Attraction of A = sup {r € R* | B.(4) c D(A)}
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Computing accessible regions




Computing accessible regions




Steepness / Intensity in Lotka-Volterra
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Steepness / Intensity in Lotka-Volterra
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Steepness / Intensity in Lotka-Volterra
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Steepness / Intensity in Lotka-Volterra
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Steepness / Intensity in Lotka-Volterra
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Steepness / Intensity in Lotka-Volterra
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Current Directions

Attractor block formulation (as in McGehee 1988)

Block intensity of attraction:
sup{f(B): B an attractor block associated with A}

Conjecture:
Chain intensity = Block intensity

Computational methods for finding accessible regions



To Be Continued...
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