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Introduction Motivation

Motivation

Challenges

Lockdown across the world due to SARS-CoV-2 manifest the need of robust and
dynamic models, to guide decision making.

Accounting for individual behaviour through an epidemic outbreak by using large scale
models.

Capturing spread of the disease through individuals daily activities.

Assess the impact that a certain policy has on different segments of the population.

Difficulty of finding disaggregated data to validate the model.
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Introduction Motivation

Research gaps

Limitations

Lack of disaggregated data leads to adding aggregated parameters inside the agent-based
models, [TYK+20].

Agent-based models in order to define more targeted and less disruptive interventions,
[SACB20].

A methodology to know which variables and latent states are meaningful inside an
epidemiological model to explain human behavior, [CPK+21].

Make the latent states that define the spreading socio-economic dependent, since the
impact of COVID-19 on travel behavior is different in the various segments of the
population, [MBCV20, XLH+23].
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Introduction Motivation

Outline of this talk

1 Added value of using disaggregate models for modelling SARS-CoV-2 spreading.

2 Description of the preliminary considerations and presentation of a model that allows
modeling human behavior for controlling infectious diseases.

3 Potential of these models to study SARS-CoV-2 policy decision making.
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Methodology

IBM: Cycle to understand the spreading
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Methodology

IBM: Cycle to understand the spreading
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Methodology

Interdisciplinary Behavioral Model (IBM)

First IBM iteration: we include two
latent states

Level of infection

Selection for testing

C.Cortes Balcells, R. Krueger, M. Bierlaire (EPFL) Interdisciplinary Behavioral Model (IBM) STRC 2023 7 / 18



Methodology

Interdisciplinary Behavioral Model (IBM)

Added value

Level of infection depends on the
socio-economic characteristics,
activities performed, and
environmental conditions.

Selection for testing is modeled.
We do not have real data on the
infections but on positive tests!
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Methodology

Level of infection

I ∗n,t = βinf
infectious agents in f (t)

total number of agents in f (t)+βsocecoX soceco
n +βhealthX health

n +βtranX tran
n,t +βactX act

n,t+εI
∗
n,t .

where:

βsoceco, βhealth, βtran, βact are the parameters for X soceco
n ,X health

n ,X tran
n,t ,X act

n,t , respectively.
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Methodology

Selection for testing

T ∗
n,t = βsocecoX soceco

n + βacttypeacttypen,t + γLI I ∗n,t + εT
∗

n,t

where:

βsoceco andX soceco
n are vectors of the socio-econommic characteristics of the individual

and the corresponding parameters, respectively.

βacttype and acttypen,t is the type of activity performed during the time step, and its
parameter.

I ∗n,t is the level of infection of the individual, and γLI is its parameter.

εT
∗

n,t is a random error term.
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Methodology

Dynamics of the model: infection process

An agent n can be in 3 different health S Susceptible, I Infected, and R Recovered.

If an agent n is in health state S ,

P(Hn,t+1 = I |Hn,t = S) =
1

1 + e−µI∗n,t
(1)

P(Hn,t+1 = S |Hn,t = S) = 1− P(Hn,t+1 = I |Hn,t = S) (2)

We draw a random binary variable Z I
n,t with probability P(Hn,t+1 = I |Hn,t).

If an agent n is in health state I ,

Does not depend on activity-travel behavior.

Drawn from a log-normal distribution with a mean of 8 days and a standard deviation of
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Methodology

Dynamics of the model: testing process

Once the health state is updated, we run the testing model:

PT
n,t,f =

1

1 + e−µT∗
n,t

(3)

We draw a random binary variable ZT
n,t with probability PT

n,t,f .

The test outcome can be positive or negative [AYH+20]:

P(Z+
n,t = 1|ZT

n,t = 1andHn,t = I ) = 0.65± (0.62− 0.68) (4)

P(Z+
n,t = 1|ZT

n,t = 1andHn,t = S) = 0.17± (0.10− 0.23) (5)

P(Z+
n,t = 1|ZT

n,t = 1andHn,t = R) = 0.17± (0.10− 0.23) (6)

We simulate Z+
n,t as a random variable with two values: positive 1 and negative 0.
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Results Validation

Results: validation

We test the population
of Vaud (around 2M
people).

We can see the spatial
dimension of the
model.

2.6 GHz 6-Core Intel
Core i7, it takes
149.942 s for 3 months
and 2M people.
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Results Calibration

Results: calibration

We calibrate the
parameters by using a
Variable
Neighbourhood Search
algorithm: that allows
for multiobjective
optimization.

We use an MSE on the
shares of positive tests
and another one for the
positive tests.
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Conclusions

Conclusions and future work

Understanding of human behavior to better capture the spread of a disease in a given
population.

Most existing research focuses on an aggregated approach to estimate the various
parameters that define the spread of an infectious disease. It is important to account for
heterogeneity.

IBM model allows for assessing and targetting better policies based on changing human
behavior in different segments of the population.

Calibrate the model and connect all the arrows in the cycle to understand the spreading.
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Thank you
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