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Conceptual framework
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Goal: Develop a unified theory of coupled natural-
human systems

Approach: Systematically and mathematically
operationalize the above conceptual framework



State of public infrastructure (S)
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Two types of social actors: U and PIP

Users must contribute a fraction €
of the income they make from the

Users have 2 strategies: infrastructure system to the PIPs.

working inside (V) or C is set by the PIPs,
oukside the system (W). ) J
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PIPs are also
Total contributions | subject to oulside

from users to PIP Urcentives.

Effectiveness of
maintenance efforts
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Part self-organized, part designed

the challenge, regardless of the choice of analytical technology remains: How do we
construct a version of (12—15) with the right level of complexity that is useful for
development of policy that respects the fact that SES are partially self-organizing and
partially designed. (SES = social-ecological systems)

(Anderies, Bull Math Biol 2015)

Replication (social learning) Optimization
Beu,mdecitj rakional Rakional
Mjopix: Long-term

Self-organization Design/planning



Self-organizing Users vs. Optimizing PIP

Users self-organize through social learning (replicator
dynamics):

U increases when working

U = (1 o C)&Rh inside pays better than
working oulside.
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PIP’s C-y dec151on space
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Possible extension: variability
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Robustness-fraglhty tradeoffs
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Different social structure
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Resource, humans, & infrastructure, systematically combined,;
Interplays & dilemmass, mathematically defined.

These systems are both designed and self-organized,;
With optimization & replication, they could be characterized.

In a clear, simple model, constraints are made unambiguous;
Important lessons are then brought to focus.

Too much emphasis on performance and certain robustness,
The system might be fragile against other stresses.

With some key dynamics on a sound mathematical ground,
Interesting questions and extensions abound.

User diversity, resource variability, and other complexity...
There is a lot of work we can expect to see.

Thank you for your attention.



