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The reproduction number R indicates how many secondary infections are caused by a 
person infected with the Corona virus. Researchers of KIT now want to estimate the 
number more precisely. (Photo: Lydia Albrecht, KIT) 

In times of Corona, everybody looks at the reproduction number. 
However, this important number is subject to uncertainties. Re-
searchers of Karlsruhe Institute of Technology (KIT) now present 
a method to estimate the reproduction number that prevents 
time delays and compensates day-induced fluctuations. For this 
purpose, the scientists apply an acausal filter with a filter length 
of seven days, which uses not only past and present, but also 
future values. Their estimation is made on the basis of the same 
day of the previous week – similar to load prognosis in the en-
ergy sector.   

The Corona virus pandemic continues to influence our lives. Daily, 
new information and latest figures are published. Apart from the num-
ber of new cases, the reproduction number R is considered an im-
portant indicator of the infection situation. The reproduction number 
indicates how many persons on the average are infected by an in-
fected person. If R is higher than 1, the number of daily new infections 
increases, thus attracting particular public attention. The reproduction 
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number is of high importance to coping with the pandemic. Its estima-
tion using mathematical models, however, is subject to uncertainties, 
among others because the reported cases are dependent on the day 
of the week and local outbreaks make the number increase sharply. 
Researchers of KIT’s Institute for Automation and Applied Informatics 
(IAI) have now developed a method to estimate a time-dependent re-
production number R that prevents undesired time delays and com-
pensates weekly periodicities. Their method is presented in a publi-
cation of KIT, with SARS-CoV-2 infections and COVID-19 being used 
as an example. In addition, they use data published by the Robert 
Koch Institute (RKI). 

The reproduction number is based on the ratio of new infections in 
two successive time periods. To compensate diagnosis, transmis-
sion, and reporting delays, estimation uses a statistical method called 
nowcasting. A mathematical filter serves to smooth the data to com-
pensate e.g. fluctuations of the weekly curve or distortions due to local 
outbreaks. For their method, the researchers applied periods of seven 
days and applied a so-called acausal filter. While causal filters use 
past and present values only, acausal filters also use future values. 
Estimation of future infections is based on the same day of the previ-
ous week. If necessary, also holidays can be considered.  

“Acausal filters prevent undesired time delays that occur when using 
causal filters,” says Professor Ralf Mikut of IAI, who conceived the 
method. “The approach to estimating future figures based on the 
same day of the past week has proved to be successful in other sec-
tors showing a weekly periodicity, such as load prognosis in energy 
time series.” The scientists of KIT compared their method with the 
existing methods of the RKI and found that the new method compen-
sates weekly periodicities much better and reduces phases, in which 
R only appears to be higher than 1. The project funded by the Helm-
holtz Information & Data Science School for Health (HIDSS4Health) 
and the Helmholtz Artificial Intelligence Cooperation Unit (HAICU) 
made the scientists recommend a consistent check of the depend-
ence of all reproduction number estimates on the day of the week and 
use of filters with a filter length of seven days as well as acausal filters 
to at least partly compensate time delays in case of day-dependent 
cases.  

Original Publication (Open Access):  

Ralf Mikut, Tillmann Mühlpfordt, Markus Reischl, Veit Hagenmeyer: 
Schätzung einer zeitabhängigen Reproduktionszahl R für Daten mit 
einer wöchentlichen Periodizität am Beispiel von SARS-CoV-2-Infek-
tionen und COVID-19 (Estimation of a time-dependent reproduction 

 
Estimations of the reproduction number R 
with a model of the Robert Koch Institute 
(4-day filter) (blue) and with the new 
model developed by KIT (red). (Figure: 
Ralf Mikut, KIT) 
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number R for data with a weekly periodicity based on the example of 
SARS-CoV-2 infections and COVID-19). KIT, 2020. DOI: 
10.5445/IR/1000119466  

Publication:  
https://publikationen.bibliothek.kit.edu/1000119466 (in German) 

Code and Data:  
https://github.com/timueh/COVID-19  

Being “The Research University in the Helmholtz Association,“ 
KIT creates and imparts knowledge for the society and the envi-
ronment. It is the objective to make significant contributions to the 
global challenges in the fields of energy, mobility and information. 
For this, about 9,300 employees cooperate in a broad range of dis-
ciplines in natural sciences, engineering sciences, economics, 
and the humanities and social sciences. KIT prepares its 24,400 
students for responsible tasks in society, industry, and science 
by offering research-based study programs. Innovation efforts at 
KIT build a bridge between important scientific findings and their 
application for the benefit of society, economic prosperity, and the 
preservation of our natural basis of life. KIT is one of the German 
universities of excellence. 

This press release is available on the internet at 

http://www.sek.kit.edu/english/press_office.php. 

The photos in the best quality available to us may be downloaded 
under www.kit.edu or requested by mail to presse@kit.edu or phone 
+49 721 608-21105. The photos may be used in the context given 
above exclusively. 


