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Statistical physics and the science of complex systems have transformed the mathematical modeling of infectious
diseases. Concepts developed for the study of nonequilibrium processes on networks have provided the
foundation for a new generation of epidemic mechanistic models. When integrated with empirical data on
mobility, demography, and behavioral response, these models capture the complex, multi-scale nature of
contagion in real populations.This methodological shift has enabled epidemic modeling to move beyond its
traditional explanatory role and to evolve into a public-service activity, generating forecasts and analytics that
inform policy and operational response in real time. The same conceptual framework has also opened the way to
the design of surveillance systems, such as global aircraft-based wastewater monitoring, where the complex
properties of the underlying networks become an asset. The lecture will discuss this trajectory and outline how the
same perspective can be potentially extended to the diffusion of information and behaviors on social networks.



