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200 days of COVID-19 into 2020 is the opportunity to have a global look at the mortality caused 
by the virus worldwide. 

All kinds of comparisons have been made using different indicators but the use of statistical 
models to assist in those comparisons is seldom done. This is probably because simple global 
statistical indicators are not fitted to actual data. 

In this document, we propose a simple equation to model the dynamics of the number of cases 
and the number of deaths, and we use the coefficients of the model to compare the different 
countries in their initial infection rates and in their reaction to the infection. 

The model was fitted to weekly averages of daily new cases and deaths provided by the 
European Centre for Disease Prevention and Control on the geographic distribution of COVID-
19 cases worldwide (https://www.ecdc.europa.eu/en/publications-data/download-todays-
data-geographic-distribution-covid-19-cases-worldwide). 

 
The model proposed 

 
The proposed equation has the form:   

𝑁(𝑡) = 𝑎
    

where: 

a is an infection rate, similar to the growth rate previously mentioned, and 

b is a reaction rate. 

If b = 1 there is no reaction to the infection and the equation is the simple exponential function. 
As b departs from unity, the infection becomes gradually more distinct from the exponential 
form and there is a gradual decrease in population numbers. 

If we want to start with N(0)=1 we have to define a time t=i as that of the first case and a time 
t=j for the start of the reaction. With this we have: 

𝑁(𝑡) = 𝑎
( )   

( )

 

This was the basic simple equation used in this modelling exercise for the number of cases and 
deaths for various countries worldwide in this first semester of 2020. 

However, in some cases the data showed clearly two episodes. In this case a sum of two 
equations was fitted, with both episodes starting at day i and the reaction rate at day j. In some 
cases i=j showing that reaction started almost immediately as for the models of deaths with two 
episodes. In the case of two episodes the full equation used was of the form:  

𝑁(𝑡) = (𝑎1) + (𝑎2)   
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Where: 

N is the number of cases or the number of deaths 

a1 and a2 are the initial infection rates of the two simultaneous episodes, 

b1 and b2 are reaction rates in the two episodes (1 represents no reaction), 

t is time (in days from January 1st 2020) 

i and j are the days of the start of cases or deaths and the start of the reaction (from January 1st 
2020) 

 

The results for various countries 

 

The results of the models are presented in the graphs. The estimated values for the coefficients 
a1, b1, a2, b2, i, j, and R2 are presented for various countries in the Annex.  

The graphs correspond to various countries, in alphabetic order, representing the weekly 
averages of the number of deaths in solid bars, and the fitted equations in lines: 



 





 

Figure 1. Weekly averages of deaths in different countries and fitted equations. 

 

Because of the size of the United States of America and the great variability within, we 
performed the same analyses for the different States showing very different dynamics (Figure 
2). 

The interpretation of the differences are not only due to the different conditions for the spread 
of the virus (density of population, etc.) but probably also to the different approaches taken by 
the different States in reacting to the infection. States as Georgia, Illinois, Massachusetts, New 
Jersey, New York, Pennsylvania all show a very clear pattern with a main single episode with fast 
response, whereas States as Arizona, California, Florida, or Texas, show a second rapid increase 
after a first episode.  

 

 



 

Figure 2. Weekly averages of deaths in different States of the USA and fitted equations. 

 



Annex: Results 

Table 1. Coefficients of the equation for the model of deaths in different countries 

 

 

 

 

 

 

Parâmetro i j a b a2 b2 R2

 Argentina 74,2 1,0355 0,9993 0,985
 Australia 85,5 1,0000 1,3219 0,492
 Belgium 74,8 1,7155 0,9655 0,997
 Brazil 63,5 1,1869 0,9910 0,991
 Canada 81,3 1,3588 0,9781 0,979
 Chile 132,8 1,4144 0,9755 0,934
 China 24,4 1,7411 0,9580 0,401
 Denmark 82,2 1,4544 0,9492 0,945
 Finland 102,1 1,6079 0,9293 0,843
 France 74,5 1,8860 0,9664 0,976
 Germany 75,7 1,5444 0,9708 0,996
 Greece 80,9 1,3160 0,9341 0,875
 India 88,3 1,1601 0,9913 0,944
 Iran 53,3 69,2 1,2607 0,9742 1,0467 0,9982 0,988
 Italy 53,0 1,5075 0,9774 0,977
 Mexico 82,9 1,1843 0,9904 0,982
 Netherlands 71,4 1,5209 0,9697 0,987
 Norway 61,6 1,6145 0,8879 1,6889 0,9654 0,965
 Pakistan 110,6 1,2113 0,9845 0,944
 Peru 71,1 1,1306 0,9914 0,991
 Portugal 77,1 1,3497 0,9681 0,943
 Russia 76,4 1,1550 0,9897 0,979
 South_Korea 56,2 1,2173 0,9572 0,833
 Spain 66,1 1,7502 0,9697 0,940
 Sweden 71,3 1,2845 0,9796 0,950
 Switzerland 76,8 1,5295 0,9598 0,973
 Turkey 81,1 1,5209 0,9679 1,0376 0,9965 0,993
 Ukraine 90,3 1,1681 0,9738 1,0513 0,9937 0,953
 United_Kingdom 73,3 86,7 1,4390 0,9707 1,2065 0,9847 0,993
 United_States_of_America 54,1 90,9 1,2039 0,9840 1,0470 1,0000 0,980

Arizona 82,3 99,3 1,1063 0,9766 1,0352 1,0000 0,947
California 72,4 85,9 1,1900 0,9809 1,0355 1,0000 0,987

Florida 77,2 92,6 1,1882 0,9756 1,0363 1,0000 0,957
Georgia 51,8 90,3 1,0809 0,9858 1,0136 1,0000 0,923

Illinois 71,1 89,9 1,1714 0,9831 0,9728 1,0000 0,972
Massachussets 72,3 92,2 1,2049 0,9793 1,0083 1,0000 0,962

New Jersey 70,4 90,6 1,2392 0,9782 1,0246 1,0000 0,984
New York 71,3 87,8 1,3744 0,9715 0,9274 1,0000 0,973

Pennsylvania 84,9 86,0 1,3581 0,9766 0,8679 1,0000 0,902
Texas 87,6 87,6 1,3486 0,9679 1,0399 1,0000 0,921


