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How Big Changes Happen

➜Fractals and Scale-Free Systems
ÄTry this: https://tinyurl.com/Shofract
ÄSuggested shapes:

➜Multi-Scale Systems

➜Panarchy Theory
ÄEcological Origins
ÄExplaining Multi-level change
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Fractals!
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Fractals Explain Wall Street?

https://www.scientificamerican.com/article/multifractals-explain-wall-street/

Eg the Koch Snowflake

Iteration 1:

Iteration 2:

Iteration 3:
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Normal Risk vs Fat Tail Risk

A power law distribution 
is a better fit:

Adapted from Frank Ackerman, 2017: Worst Case Economics
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How buildings learn
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From: Stewart Brand – The Clock of the Long Now
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Ecology at multiple scales
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Time and Scale
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Boreal Forest

Image Source: Gundersson & Holling (2002). Panarchy
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Everglades

Image Source: Gundersson & Holling (2002). Panarchy
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Social “rule sets”

Image Source: Gundersson & Holling (2002). Panarchy
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r-K Selection Theory

r species (opportunistic): 
High growth rate, 
Many offspring, 
Low survival

K species (equilibrium): 
Low growth rate, 
Few offspring, 
High survival
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Growth of Complexity



University of  Toronto Department of Computer Science

© 2014 Steve Easterbrook. This presentation is available free for non-commercial use with attribution under a creative commons license. 16

Panarchy Theory

Image Source: Gundersson & Holling (2002). Panarchy
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Multi-level change

Image Source: Gundersson & Holling (2002). Panarchy
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Adaptive Cycle Examples
➜ Physical Systems (e.g. tectonic plates, sand piles)

Ä Little scope for evolution/innovation
Ä Tend to repeat cycles rather than evolve (organized criticality)

➜ Ecosystems with unpredictable conditions
Ä Highly adaptive responses to opportunity
Ä Tend to oscillate between α and r phases

➜ Ecosystems & human systems with predictable conditions
Ä Can have significant internal regulation
Ä Tend to exhibit the full boom and bust cycle

➜ Biological entities
Ä System variables remain in homeostatic equilibrium
Ä Adaptive cycle operates at higher scale (community/ecosystem)

➜ Human systems with foresight
Ä Predictive capacity used to stabilize variables and exploit opportunity
Ä Adaptive cycle operates at lower sale (individuals/entrepreneurs)

Holling, C. S. (2001). Understanding the Complexity of Economic, Ecological, and Social Systems. Ecosystems, 4(5), 390–405.


