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The challenges of modeling pandemic spread with early time data, �nite
size populations, and opinion dynamics

The coronavirus disease 2019 (COVID-19) pandemic placed epidemic modeling at the fore-
front of worldwide public policy making. Nonetheless, modeling and forecasting the spread
of COVID-19 remain a challenge. This talk begins with a review of the historical use of
epidemic models and addresses the challenges of choosing a model in the early stages of a
worldwide pandemic. The spread of COVID-19 has illustrated the heterogeneity of disease
spread at di�erent population levels. With �nite size populations, chance variations may lead
to signi�cant departures from the mean. In real-life applications, �nite size e�ects arise from
the variance of individual realizations of an epidemic course about its �uid limit. I will illus-
trate how to model this variance with a martingale formulation consisting of a deterministic
and a stochastic component, along with estimates for the size of the variance compared to
real world data and simulations. Another cause of heterogeneities is the di�ering attitudes
at the population level for control measures such as mask-wearing and physical distancing.
Often, individuals form opinions about their behaviors from social network opinions. I will
show some results from a two-layer multiplex network for the coupled spread of a disease and
con�icting opinions. We model each process as a contagion. We develop approximations of
mean-�eld type by generalizing monolayer pair approximations to multilayer networks; these
approximations agree well with Monte Carlo simulations for a broad range of parameters
and several network structures. We �nd that lengthening the duration that individuals hold
an opinion may help suppress disease transmission, and we demonstrate that increasing the
cross-layer correlations or intra-layer correlations of node degrees may lead to fewer individ-
uals becoming infected with the disease.

Bio: Andrea Bertozzi is an applied mathematician with expertise in nonlinear partial dif-
ferential equations and �uid dynamics. She also works in the areas of geometric methods
for image processing, social science modeling, and swarming/cooperative dynamics. She is
Professor of Mathematics at UCLA since 2003.
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