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BACKGROUND



How can we better understand the two-way interaction between
ancient cities (or towns, villages, camps ...) and their biophysical
environments?



THE LOTKA-VOLTERRA MODEL

Lotka-Volterra style dynamical models represent the flow of energy
between two populations, such as predators and prey in a trophic
system or cities and resources in a social-ecological system.
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DYNAMICS

Under consumer-resource parametrization, the system will reach a
stable coexistence equilibrium from any initial condition.
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ELABORATING THE MODEL
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SCALING AND CONNECTIVITY




SCALING



POWER LAW SCALING PARAMETERS

Impact of power law scaling
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MODELING SCALING
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MODELING SCALING
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MODELING SCALING
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« Superlinear or sublinear scaling of population
maintenance requirement with population size.



SCALING DYNAMICS

Including nonlinear scaling results in a saddle-node bifurcation.
Weaker economies of scale introduce an extinction equilibrium,
stronger economies of scale make extinction the only possible
outcome.
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SENSITIVITY TO SCALING PARAMETERS

Equilibrium sensitivity to power law scaling
All values normalizedtoa = =1
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CONNECTIVITY



CONNECTIVITY STRUCTURE

Potential social-ecological connectivity structures
Under different parameterizations of §
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MODELING CONNECTIVITY

Simulate city-resource and city-city connectivity by routing flows
through adjacency matrices H and &.
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MODELING CONNECTIVITY

Simulate city-resource and city-city connectivity by routing flows
through adjacency matrices H and &.

resource ﬂows to connected cities
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LONG-TERM IMPACTS OF CONNECTIVITY STRUCTURE




ARCHAEOLOGICAL IMPLICATIONS



ARCHAEOLOGICAL IMPLICATIONS: SCALING

Impact of power law scaling
Superlinear scaling in red, sublinear scaling in blue

We need robust cross-cultural
estimates of scaling parameters
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ARCHAEOLOGICAL IMPLICATIONS: CONNECTIVITY
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SUMMARY

- Simple models of coupled population and energy flows can
provide insights into prehistoric social networks.



SUMMARY

- Simple models of coupled population and energy flows can
provide insights into prehistoric social networks.

- Nonlinear scaling of socioeconomic factors with population size
has a strong impact on the sustainability of ancient settlements.



SUMMARY

- Simple models of coupled population and energy flows can
provide insights into prehistoric social networks.

- Nonlinear scaling of socioeconomic factors with population size
has a strong impact on the sustainability of ancient settlements.

- When scaling behaviors are present, even weak social or
environmental connectivity can generate considerable
social-ecological complexity.



QUESTIONS?
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