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Is it possible to model the behavior of the population?
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Abstract
In this research, the SIR epidemiological numerical model has been revised to
obtain a new model (SAIRD), which involves 2 additional variables: the
population that died due to the disease (D) and the isolated or quarantined
population (A).
The analysis of data on infections and deaths (in Perú) suggests that the evolution
of the coronavirus epidemic has reached the plateau and is declining. A sensitivity
analysis has been performed to obtain the optimal computational time step (Δt =
0.01 day).
From the data, the average mortality rate has been estimated at 0.05. Through an
inversion process, the epidemiological parameters have been obtained, which are
variable by section (piecewise).
The effect of quarantine has been simulated, which is an effective measure to
reduce the impact of the pandemic. For an isolation rate of 0.0118, the total
number of deaths would be 60 thousand; If there were no quarantine, there could
be around 1.6 million deaths.
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Mathematical model: SIR
The equations that govern the dynamics of an epidemic form a system of non-linear
first-order ordinary differentials equations, whose solution is obtained analytically
(under certain conditions) or by numerical methods, such as the finite differences method,
Euler's method, Runge Kutta's method, etc.
The simplest mathematical model that describes the behavior of an epidemic is the SIR
(Susceptible - Infected - Removed), which considers population groups of the different
phases of the epidemic process (Kermack & McKendrik, 1927).

Where S(t) is the susceptible population, I(t) is the infected population, R(t) is the
removed population (recovered + deceased), N is the total population, β is the infection rate
and γ is the recovery rate.
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Mathematical model: SAIRD
When the population in quarantine or social isolation is incorporated into the numerical
model, then a new numerical model is obtained: SAIRD (Susceptible - Isolated –
Infected - Recovered - Deceased). The differential equations that govern this
model are:

The spread of an epidemic is quantified by the basic
reproduction number or ratio R0. This dimensionless
quantity is used to represent the average number of
infected produced by a member of the infected
population.
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Data processing
The digital data processing of the time
series of the number of infected and the
number of deaths has been conducted,
through an interpolation process, with a
sampling interval of 1 day, to obtain the
missing data from the first days.
Then, a filtering process has been
carried out to reduce the data
dispersion, by applying a low pass
filter, which consists on the average of a
moving window of 5 consecutive data.
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Data: number of deceased
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Data: mortality rate (µ)
The mortality ratio or rate is obtained by dividing the cumulative number of infected by the
cumulative number of deaths. The secular average is 6%; however, this parameter is
decreasing to 4%.
The histogram shows the distribution of deaths by age. The peak corresponds to the age of
64 years.
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Methodology: discretization of ODE
Under certain conditions, it is possible to find an analytical solution of the SIR model.
However, the use of numerical modeling is more computationally efficient. The finite
difference method is used to discretize ordinary differential equations, to form a system of
recursive equations:

The initial conditions have been chosen based on the reality of Peru. The total population is
N = 32 million, at the beginning of the epidemic there was only one infected I(1) = 1, the
initial susceptible population S(1) = N-I(1) = 31'999,999. The initial population in
quarantine, restored and deceased is null: A(1) = 0, R(1) = 0 and D(1) = 0.
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Methodology: sensitivity test
Sensitivity test of the SAIRD model, for
different time steps Δt. For the same
variable (a single color), the curves
correspond from bottom to top to: Δt = 1.0,
0.5, 0.1, 0.01 and 0.001 day. For the last 2
values, the curves practically overlap.
Below is the Matlab code for the iteration
subroutine:
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Methodology: Data Inversion
In seismology, to obtain the parameters of the seismic source, the waveform inversion
(earthquake of Chimbote 1996) or tsunami inversion method (tsunami of Camaná 2001) is
used:

In this research, to fit the curves to data, the method of iterative approximations was used
through a sensitivity test, to choose the parameters that minimize the normalized variance:
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Results: before the 1st update of deceased
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Results: after the 1st update of the deceased
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After the 2nd update of the deceased …

The model predicts a higher number of deaths than the MINSA report
Waiting for a 3rd update in the number of deceased?
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Results: quarantine (“hammer” effect)
No quarantine:
Infected ≈ 32 million
Deaths ≈ 1.6 million
Duration ≈ 4 months
In this case, the government does not
implement any control measures.
With quarantine (η = 0.0089):
Contaminated = 420 thousand
Deceased = 12 thousand
Duration ≈ 6 months
In this case, the government decrees a
quarantine, social distancing, etc.
Total quarantine (η > 1.0):
Contaminated = 6
Deceased = 4
In this case, the government decrees a total
quarantine. Example: New Zealand
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Conclusions
The dynamic evolution of an epidemic depends on the behavior of the population in the face of
health measures dictated by the government. However, numerical models are useful to simulate
probable scenarios, which allows more efficient decision making.
Official data up to day 200 (September 21) show a downward trend in the number of infections
per day and in the number of deaths per day. Therefore, we have already reached the plateau of
the pandemic and the trend is to decrease.
The most challenging point in all epidemiological simulation research is the estimation of the
epidemiological parameters from the numerical model. The available data allow estimation
through an inversion process (γ≈1 / 7). For the estimation of the mortality rate, an average value
of 5% (µ = 0.05) has been obtained. The epidemiological parameters are variable by section.
The SAIRD model (whose numerical solution has been obtained with the finite difference
method) is very sensitive to the choice of the computational time step. Through a sensitivity
analysis, an optimal value of Δt = 0.01 day was obtained.
The effect of quarantine has been simulated by varying the isolation rate η. If there were no
quarantine, the number of deaths would be 1.6 million; if η = 0.0118, the number of deaths
would be 60 thousand. For a total quarantine, there would only be 4 deaths.
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Research paper to
be published …
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