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INTRODUCTION

Math modeling infectious diseases started about a century. The 
Kermack and Mckendrick model is the basis supporting more 
recent and detailed models [1]. Yet, the main idea of representing 
the infectious process as the result of the contact between infected 
and susceptible individuals remains fundamental in most math 
models capturing the dynamics of this process. 

However, the SARS CoV-2 provoked modifications of the social 
activity and changes of mobility conduct at an unprecedented 
global level. These dynamic changes in the social behavior introduce 
waving patterns not accounted for in precedent math models. 
Therefore, the value of essential parameters used to adjust math 
models, as the Reproduction Rate (Ro), are clear candidates for 
a better measuring method. In a recent study Febres adjusted the 
classical Susceptible-Infected-Retired (SIR) model by introducing 
a time-function representing the social permissiveness [2]. An 
iterative process was devised to solve the model equations for the 
permissiveness function. The study showed this solving-iterating 
method, although very complex because it must work with several 
dimensions, does exist and is robust. 

MATERIALS AND METHODS

Models for the development of COVID-19 in 38 countries were 
adjusted by means of this manually driven iterative method. The 
resulting adjusted model is relevant since it provides the oscillatory 
nature of the process that is not present in the original SIR model 
and most of the more recent versions. Thus, while the classical SIR 
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model cannot produce more than one oscillation, also named waves, 
the adjusted SIR model presented in explains the multiple waves 
we are experiencing as a consequence of the oscillatory behavior 
of the social distancing measures and the natural social behavior 
facing the development of events regarding the COVID-19 [2]. The 
term Permissiveness is given to the function-parameter representing 
the time-varying social contact

However, the manual control to achieve the convergence of the 
parameters of each country model is a clear drawback. Even though 
there are many ways that may improve the automatic tune method, 
it currently offers the results I put forward in this document.

The adjusted SIR model

The SIR model with the inclusion of the permissiveness time-
function e(t) and the vaccination campaign v(t) is as follows:

                     (1a)

                   (1b)

                    (1c)

                    (1d)

The terms S, I, R, r, a, and N are the susceptible, the infected, the 
retired, the infection rate, the removal rate, and the total population 
respectively. The vaccination time-function v(t) is presented for the 
sake of completeness. However, without diminishing the general 
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applicability of the method, vaccination plan is left out of the 
solution presented by making v (t)=0. 

To solve there are five functions to be determined: S(t), I(t), R(t), 
and e(t). Also the values of the constant parameters a and r must be 
established. The typical incubation time is about two weeks. Thus 
a removal time (1)⁄a implies the value a=0.07143.

This computation of S(t), I(t), R(t), and e(t) was performed using 
the complex system simulation platform MoNet, which allows for 
numerically and visually solving the set of equations (1a-1d) in 
many countries simultaneously [3]. Daily updated data is provided 
by the Center for Humanitarian Data [4]. The process starts by 
assuming a value of the transmission rate r. Then, equations (1a-1c) 
are numerically integrated, while the values of e(t) at each time are 
controlled to reduce the distance between the model and the data 
registered for each country. In order to keep stable this convergence 
problem, I implemented the idea of using a properly tuned 
proportional-integral controller. The implemented PI-controller 
sets each time value of function e(t) so that the difference between 
the infected curve I(t) and daily new cases reduces. 

By using an outer iteration loop, the infection rate’s value r is 
progressively adjusted until the sum of the model-data difference for 
all countries modeled is minimal. The obtained value is r=491E-9.

RESULTS AND DISCUSSION 

This study is the first stage in developing a numerical method to 
estimate a quantitative assessment of the social mobility intensity. 
This study takes advantage of the prominent amount of data 
available, and the frequency at which it is updated, and the complex 
system simulation platform MoNet [3,4].

The use of PI controller as a mechanism to pursue the numerical 
solution of non-linear equation systems worked well for this study. 
The final solution function may be time-delayed to the actual and 
theoretical. A minor problem compared to the advantage of having 
an approximate shape of e (t). 

Figure 1 compares the permissiveness curves e(t) manually obtained 
by Febres and their counterpart obtained by the automated 
method described here [2]. Figure 1 refers to three counties, but the 
results for all countries studied reflect similar results. The graphs 
on the right column of Figure 1 also show how the Model (1a-1d) 
and the automated method proposed can represent, not only the 
oscillations caused by the alternating values of the permissiveness, 
but also the minor scale oscillations present in the data of all 
countries. Note these minor scale oscillations were not captured by 
the manually adjusted model shown in the left column of Figure 1.

As suggested in the Introduction, computing the Basic Reproduction 

Figure 1: Comparing the manually adjusted models included in the study by Febres [2], and the models automatically adjusted by the 
methods introduced in the present study. The graphs on the left column show the manually adjusted models for Italy (top row), Japan 
(medium row) and Mexico (bottom row). The center and right columns show the models corresponding to the mentioned countries 
adjusted in the present study.
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Rates Ro should consider not only the properties of the virus 
itself but also the characteristics of the media where the disease is 
propagated; each country in the case of this study. Reproduction 
rate average values were estimated for the countries shown in 
Table 1. I use the symbol Rp to refer to the average reproduction 
rate, thus differentiating these values from the reproduction rate 
Ro, which refers to the initial stages of an epidemic. The average 
reproduction rate is corrected by the average permissiveness , as 
shown in Equation (2).

(2)

For all cases the removal time is considered 14 days, leading the 
value a=0.07143, and the SARS CoV-2 infection rate r=491E-9.

The Model (1a-1d) is relevant since it provides the oscillatory 
nature of the process that is not present in the original SIR model 
and most of the more recent versions. Thus, while the classical 

SIR model cannot produce more than one oscillation, also named 
waves, the adjusted SIR model explains the multiple waves we are 
experiencing as a consequence of the oscillatory behavior of the 
social distancing measures and the natural social behavior facing 
the developments of events. Furthermore, the infectiousness should 
be seen as a non-constant property of the virus-social combination. 
I think this is crucial to properly apply to model and to understand 
the likely development of the COVID-19 pandemic. 

CONCLUSION

The method for automatically tuning the adjusted SIR model to fit 
the historical data of infectious diseases opens up the possibilities for 
developing accurate and detailed models to improve our planning 
to fight against these diseases. Computing the reproduction rate 
Rp(t) as a function of time would offer the advantage of using the 
function’s value as an indicator of the epidemic’s tendency shortly 
and assessing the appropriateness of the social conduct besides the 
vaccination plans in any country.
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Table 1: Computed reproduction rates Rp considering the permissiveness 
for some countries.

Country Susceptible S Permissiveness Reproduction rate Rp

Japan 1.26E+08 0.316 2.747

Germany 83783942 0.235 1.354

Italy 60461826 0.312 1.295

Spain 46754778 0.409 1.315

Brazil 2.13E+08 0.13 1.906

Mexico 1.29E+08 0.166 1.471

USA 3.31E+08 0.095 2.165

Egypt 1.02E+08 0.186 1.312
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