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Cumulated number of confirmed cases



Cumulated number of deaths
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• The objective is to develop a model

- for the observed data, and validated by the data, 

- that provides good short-term predictions,

- that is mechanistic and parsimonious,

- that is implemented as an open-access interactive tool.
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The transmission rate b changes over time 
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We will use a piecewise linear function for b



The observation model

Available data:

• w = (wj , j = 1, 2, …)  where w j  is the cumulated number of confirmed cases

Then, wj - wj-1  is the number of new confirmed cases on day j

• d = (dj , j = 1, 2, …)  where dj is the cumulated number of deaths

Then, dj - dj-1  is the number of new deaths on day j



http://shiny.webpopix.org/covidix/app2/

http://shiny.webpopix.org/covidix/app2/


http://shiny.webpopix.org/covidix/app2/

http://shiny.webpopix.org/covidix/app2/


http://shiny.webpopix.org/covidix/app2/

http://shiny.webpopix.org/covidix/app2/


The observation model

The epidemiological model:The data:
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The observation model

• cumulated number of confirmed cases (wj )
wj predicted by  Wc(tj)

• cumulated number of deaths (dj ) 
dj predicted by  D(tj)

The epidemiological model:The data:
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A first statistical model for the daily counts:

Parameters of the model:



The observation model

Parameters of the model:

 obtained by Maximum Likelihood (ML) Estimation  
K obtained by  minimizing the Bayesian Information Criteria (BIC)

A first statistical model for the daily counts:
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Fitting the Italian data

Observations vs predictions (daily numbers)

The residuals errors exhibit a weekly periodic component:
the observation model should include this periodic component.

The magnitude of the errors increase with the prediction:
the observation model should include a proportional error model



The observation model

A second statistical model for the daily counts:



Cumulated numbers Daily numbers

Transmission rate

Fitting the Italian data



Some fits with the periodic component



Some fits without the periodic component



• Not so easy to understand (at least for me)

• Seems to depend on the model (and not only on the parameter values)

About the basic reproduction number

The difference 

• (maybe) more informative than the ratio 

• easy to interpret, as related to the “half-life”





t2 2.9 4.7 2.6 4.4 6.9

t1/2 16.1 15.7 31.4 44.1 -



Increase Peak of daily deaths Decrease

Country t4 ( ) t2 () Date n t1/2 () t1/4 ()

Denmark 12 8 4/3/2020 16 25 50

Portugal 19 15 4/11/2020 32 24 41

Switzerland 16 11 4/5/2020 58 19 29

Netherlands 13 10 4/4/2020 155 28 46

Germany 19 14 4/13/2020 226 22 37

Belgium 21 15 4/15/2020 268 17 27

France 15 11 4/5/2020 532 20 34

Italy 15 10 3/27/2020 835 25 47

Spain 16 12 4/3/2020 839 17 33

United Kingdom 19 13 4/13/2020 927 27 50

Maximum daily number of deaths predicted by the model. For each country, t4 () and t2 () are, respectively,
the number of days it took to multiply the number of deaths by 4 and 2 ; t1/2 () and t1/4 () are, respectively,
the number of days it took to divide the number of deaths by 2 and 4.
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Possible scenarios after the end of the lockdown

1) The transmission rate remains the same



Possible scenarios after the end of the lockdown

2) The transmission rate is multiplied by 1.5



Possible scenarios after the end of the lockdown

3) The transmission rate is multiplied by 2



Possible scenarios after the end of the lockdown

4) The lockdown ends 2 weeks later (May 25)



Possible scenarios before/after the lockdown

5) The lockdown starts one week before (March 10)



About the data

Some French data…
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Ireland:
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Thank you !


