
Problems and solutions in lifting individual
behaviour to population level dynamics

A CRM-CAMBAM Mini-workshop in Mathematical Biology

Thursday 6th August (10:00 am - 2:30 pm)

Summary

Individual level behaviour and processes, such as reproduction, movement, growth, and death,
drive population level dynamics. Typically, mathematical modellers homogenize these individ-
ual level behaviours by considering the “average” behaviour and making arguments that lead
to into ordinary differential equation models for population level dynamics. In this workshop,
we introduce a modelling methodology that begins with the biological considerations under-
lying the individual level behaviour. Throughout careful book-keeping, we show how to use
these individual level behaviours to derive population level dynamics. By using the classic SIR
model from epidemiology, we show how considering more realistic infection dynamics naturally
lead to functional equations, and illustrate the analytical and numerical techniques that allow
modellers to derive biological information from the population level dynamics.

This workshop will provide a “users guide” overview to the use of structured population models
and is intended as a gentle introduction to the use of delay equations in mathematical biology.
Participants will learn to build population level models from individual level behaviours, will
be introduced to the analytical and numerical skills used to derive biological information from
population level dynamics, and will be able to identify the similarities and differences between
structured population models and ordinary differential equation models. The workshop will be
a mix of worked analytical and numerical examples and will include a refresher of the necessary
mathematical techniques.

Expected Background

We expect that the workshop will be accessible to students with a background in undergraduate
differential equations and numerical methods, and will refresh the relevant mathematical theory
as necessary throughout the workshop.

Speakers

Tyler Cassidy
Postdoctoral Researcher, Theoretical Biology and Biophysics, Los Alamos National Laboratory.

Francesca Scarabel
Postdoctoral Researcher, Laboratory for Industrial and Applied Mathematics, York University.

Shaza Alsibaai
PhD Student, Department of Mathematics and Statistics, McGill University.



Workshop Outlines

The workshop will be structured as follows:

1. Mathematical modelling beginning from individual level behaviour We begin by
motivating the epidemiological examples that will be considered throughout the remainder
of the workshop from individual level biological considerations to give a brief sketch of
the modelling methodology. This portion of the workshop will be biologically based and
will motivate the mathematical treatment in later sections.

2. Book-keeping techniques to translate individual level behaviour to population
dynamics Through the examples introduced in 1, we demonstrate how to lift individual
level behaviour to population level dynamics through careful book-keeping. Accordingly,
we relate individual level behaviour to population dynamics and identify the necessary
modelling ingredients for structured populations. This section will include a reminder of
the method of characteristics for linear first order partial differential equations.

3. Numerical methods for structured population models In this section, we discuss
existing numerical methods for the simulation of delay equations. We illustrate how to
simulate the epidemiological example from Section 1 for different biological considera-
tions. By providing skeleton code to the participants, this section will include hands-on
implementation of numerical techniques for simulating structured population models.
This section will include a refresher of the necessary numerical techniques for the simu-
lation of differential equations.

4. Reducing a structured population model to a system of ordinary differential
equations We conclude by discussing the relationship between the individual level mod-
elling ingredients– birth, growth, maturity, etc., and the ability to reduce the resulting
structured population model to a system of ODEs. We use the linear chain technique as
an example of the sufficient condition to reduce an infinite delay equation to a system of
ODEs.

Registration

The workshop is free but the participants need to register by clicking here.

Note: The zoom link of the workshop will be send to registrants emails few days
before the workshop.

https://forms.gle/LrPymtNM5jXTtAYu9
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