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 Modelling pandemics with large-scale high-resolution agent-based models

 demographics:  from census based data to agents

 mobility:             travel patterns including long-distance

 infection:           disease transmission and natural history models

 AMTraC-19 – Agent-based Model of Transmission and Control of the COVID-19 
pandemic in Australia

 COVID-19 pandemic

 age-dependent epidemiological characteristics

 pandemic trends (peaks, resurgence), and model validation

 strategies for mitigation, suppression (or elimination)

 tipping points (e.g., in social distancing)

Agent-based Modelling (ABM) of epidemics



Agent-based Modelling (ABM) of epidemics

 anonymous individuals (census based) → agents with attributes (e.g., age, gender, 
occupation, susceptibility and immunity to diseases)

 agent interactions: contacts and disease transmission over about 24M agents, 
grouped in social “contexts” (households, neighbourhoods, communities, 
workplaces, schools, classrooms, etc.)

 specific virus (transmission rates, natural history of the disease)

 outbreak modelling of pandemic scenarios (international air traffic)

 varying sources and intensity of infection, as well as population sets

 calibration to known data on reproductive ratio R0, attack rates (across “contexts”), 
growth rates, generation period, other parameters 



“Same storm, different boats”: ABM mixing contexts



Population partitions: 
residential areas and destination zones

K. M. Fair, C. Zachreson, M. Prokopenko, Creating a surrogate commuter network from Australian
Bureau of Statistics census data, Scientific Data, 6, 150, 2019.



International air traffic

O. M. Cliff, N. Harding, M. Piraveenan, E. Y. Erten, M. Gambhir, M. Prokopenko, Investigating
Spatiotemporal Dynamics and Synchrony of Influenza Epidemics in Australia: An Agent-Based
Modelling Approach, Simulation Modelling Practice and Theory, 87, 412–431, 2018.



Epidemic modelling: natural history of the disease

O. M. Cliff, N. Harding, M. Piraveenan, E. Y. Erten, M. Gambhir, M. Prokopenko, Investigating
Spatiotemporal Dynamics and Synchrony of Influenza Epidemics in Australia: An Agent-Based
Modelling Approach, Simulation Modelling Practice and Theory, 87, 412–431, 2018.



S. L. Chang, N. Harding, C. Zachreson, O. M. Cliff, M. Prokopenko, Modelling transmission and
control of the COVID-19 pandemic in Australia, Nature Communications, 11, 5710, 2020.

Epidemic modelling: natural history of the disease



Epidemic modelling: natural history of the disease

N. Harding, R. E. Spinney, M. Prokopenko, Phase transitions in spatial connectivity during
influenza pandemics, Entropy, 22(2), 133, 2020.



Susceptible Infectious Recovered

Epidemic modelling: reproductive ratio R0



Epidemic modelling: transmission probabilities

global scalar



Epidemic modelling: reproductive ratio R0



Epidemic modelling: reproductive ratio R0

O. M. Cliff, N. Harding, M. Piraveenan, E. Y. Erten, M. Gambhir, M. Prokopenko, Investigating
Spatiotemporal Dynamics and Synchrony of Influenza Epidemics in Australia: An Agent-Based
Modelling Approach, Simulation Modelling Practice and Theory, 87, 412–431, 2018.



Epidemic modelling: reproductive ratio R0

C. Zachreson, K. M. Fair, N. Harding, M. Prokopenko, Interfering with influenza: nonlinear
coupling of reactive and static mitigation strategies, J. Royal Society Interface, 17(165),
20190728, 2020.



Evolution and emergence: reproductive ratio R0 

R. Antia, R. R. Regoes, J. C. Koella, C. T. Bergstrom. The role of evolution in the emergence of
infectious diseases. Nature, 426, 658, 2003.



Calibration (R0): COVID-19



Model validation



Suppression (Social Distancing, SD): COVID-19



Suppression (Social Distancing, SD): COVID-19



Critical regime (phase transition): COVID-19



Spatial morphology: population mobility 
and degree of rationality

N. Harding, R. E. Spinney, M. Prokopenko, Population mobility induced phase separation in SIS
epidemic and social dynamics, Scientific Reports, 10: 7646, 2020.



Summary

 Nonlinearity:
• natural history of the disease
• transmission across mixing social contexts
• feedbacks (positive and negative)
• effects of social distancing

 Tipping points:
• emergence of strains (R0 ≥ 1.0)
• minimal required social distancing
• spatial morphology vs rationality
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