
 

Management Systems  
in  

Production Engineering  

  
2022, Volume 30, Issue 2, pp. 179-186 
 

 

© 2022 Author(s). This is an open access article licensed under the Creative Commons BY 4.0 (https://creativecommons.org/licenses/by/4.0/ 

Date of submission of the article to the Editor: 01/2022 
Date of acceptance of the article by the Editor: 04/2022 

DOI 10.2478/mspe-2022-0022 

 
 
 

PREDICTION MODEL OF THE PANDEMIC SPREADING  
BASED ON WEIBULL DISTRIBUTION 

 
 
 

Ľuboš GUĽÁŠ, Matej TALIAN 
Training Centre Lest 

 

Stanislav SZABO, Beáta SEMRÁDOVÁ 
Technical University of Kosice 

 
 
 
 

Abstract: 
Pandemics have the potential to cause immense disruption of our everyday activities and has impact on the com-
munities and societies mainly through the restrictions applied to the business activities, services, manufacturing, 
but also education, transportation etc. Therefore, it is important to create suitable prediction models to establish 
convenient methods for the planning of the operations and processes to cope with the difficulty. In this paper, 
the prediction model for the spread of the viral disease in term of the estimated maximal weekly confirmed cases 
and weekly deaths using the Weibull distribution as a theoretical model for statistical data processing is pre-
sented. The theoretical prediction model was applied and confirmed on the data available for the whole world 
and compared to the situation in Europe and Slovakia for the pandemic waves and can be used for the more 
precise prediction of the pandemic situation and to enhance planning of the activities and processes regarding to 
the restrictions applied during the worsening pandemic situation. 
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INTRODUCTION 
A pandemic can be defined as an epidemic of an infectious 
disease that has spread across a large region and affecting 
a substantial number of individuals. A widespread en-
demic disease with a stable number of infected individu-
als such as recurrences of seasonal influenza is not a pan-
demic, as they occur simultaneously in large regions of the 
globe rather than being spread worldwide. Therefore, in 
comparison to the endemic disease, it is much more com-
plicated to predict behavior and spread of the pandemic 
and to estimate for example the number of confirmed 
cases. And considering the current situation related to the 
COVID-19 pandemic accompanied with high number of 
deaths, under the circumstances until for example vac-
cination is not available, as the most effective way how to 
eliminate spread of the virus is the temporary or perma-
nent isolation from other people. However, the insolation 
itself has a immense disruption of our everyday life, activ-
ities and due to the restrictions and governmental regula-
tions that are applied to slow the spread of the disease. 

And these can have significant impact on the business ac-
tivities, services, manufacturing process, but also on the 
education, transportation etc. 
Therefore, many studies deal with the mathematical mod-
els, related spread and consequences of the pandemic sit-
uation on the health, society, industry, economics and 
technology [1]. These models can be based for example 
on the stochastic model of the transmission dynamics of 
the pandemic [2], on the forecasting using the different 
types of linear regression models [3, 4] or even on the pre-
diction models based on the artificial intelligence [5], 
deep learning models [6, 7] or fuzzy logic mathematics [8, 
9]. For the prediction of the spread of the pandemic also 
for example logistic model [10] or arenas model [11]. In 
some studies, the prediction models are only short-term 
[12], in other the waves of the pandemic are considered 
[13]. And in addition to the analyses dealing with the 
COVID-19 analyses, in several cases also the parallel for 
example with the Spanish flue are analyzed [14]. 
As it was mentioned, the spread of the pandemic can be 
eliminated or at least slow down by different kind of re-
strictions, their impact was analyzed in many case studies, 
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such for example in the study dealing with the GAM func-
tions and Markov-Switching models in the evaluation 
framework to assess countries’ performance in control-
ling of the pandemic [15]. A comparative study of five 
countries dealing with the optimal control model of the 
pandemic is presented in [16]. These restrictions are ap-
plied with the goal to protect the most vulnerable part of 
the population and to eliminate the mortality [17, 18] at 
least until the time when vaccination is effective [19]. 
However, the problem with the insolation can be also in 
the social acceptability and feasibility of a focused protec-
tion strategy against the pandemic situation [20]. 
Prediction models have been developed and created also 
according to the specific needs or requirements, such for 
example due to the impact on the economics [21], public 
transportation and passenger flow [22, 23], cross-border 
mergers [24] or for example on the electricity consump-
tion [25]. And we cannot forget to the other factors that 
influence spread of the pandemic, such for example pop-
ulation density, age of the population, geographical loca-
tion and other factors [26], which can cause that the de-
veloped prediction models do not have to be generally ap-
plicable for any country or region. 
The main goal of the article is to propose a methodology 
based on the Weibull distribution, which can be applied 
for the prediction of the weekly confirmed cases and 
deaths, because these data are most important for the 
planning of the governmental restrictions that usually 
have direct impact not only on the medical care, but also 
on the economics, transportation, services, manufactur-
ing, production planning etc. And according to the created 
models it can be predicted if there is a necessity to isolate 
ill, infected, or potentially infected people individually or 
as a whole group. Furthermore, according to the charac-
teristics of the disease, the restrictions can be applied not 
only on the most vulnerable part of the population, but 
also on the whole regions or even countries and in this 
case the movement of individuals, involving also the trav-
elling to work can be restricted or even prohibited.  
 

LITERATURE REVIEW 
The prediction models presented in the article is based on 
the Weibull distribution, which is a is a continuous proba-
bility distribution originally proposed as a model for ma-
terials’ breaking strength but recognized the further po-
tential of the distribution already in his paper written in 
1951 [27]. Nowadays Weibull distribution has been used 
for the different types of reliability and survival analyses 
[28, 29] in many different areas, involving economics [30], 
medicine [31], recycling and related environmental engi-
neering [32]. For the creation of prediction models, the 
Weibull distribution is many times used to solve transpor-
tation and logistics issues for different kinds of transpor-
tation [33, 34, 35]. However, thanks to its versatility, the 
Weibull distribution also so many years from its definition 
and description, remains one of the most widely used dis-
tribution for the creation of the reliability and prediction 
models in material engineering [36-37] for different kinds 
of materials, involving metal [38], ceramic [39], hyperelas-
tic [40], but also composite materials [41]. 

In general, Weibull distribution is commonly used for the 
predictive purposes and planning of many types of opera-
tions and activities. It can be also advantageously used for 
the production or maintenance planning. Our research is 
focused on the Weibull distribution utilization originally 
applied for the prediction of the pandemic situation de-
velopment regarding the number of confirmed cases and 
deaths as a consequence of the pandemic situation. Fur-
thermore, the research results can be consequently used 
for the improvement of the OneSAF simulation software, 
which is used for the constructive simulations of different 
types, involving a module determined for the simulation 
of the pandemic spread. 
 

METHODOLOGY 
Weibull distribution since its description has been stud-
ied, modified, extended or varied [42, 43, 44, 45].  
In our case, the two-parameter Weibull distribution was 
used. The relationship for the probability assuming the 
Weibull distribution is: 

𝑃(𝑡) = 𝑒−
(
𝑥

𝛼
)
𝛽

 , (1) 

where: 
x represents the confirmed cases or deaths related to the 
COVID-19 pandemic;  
α a measure of scale or dispersion in a data distribution; 
β shape parameter that indicates whether the rate (total 
number of confirmed cases/deaths) is increasing.  
Applying a linear regression, the Weibull parameter β can 
be determined directly from the slope of the line. The α 
parameter (2) has to be estimated as follows: 

𝛼 = 𝑒
−(

𝑏

𝛽
)
, (2) 

The Weibull distribution was chosen for the statistical 
analysis due to its versatility. Thanks to the world-wide 
spread of the pandemic many data can be analyzed and 
compared. However, one of the most important ad-
vantages of this methodology is that it can be used for the 
analyses with a very small number of samples. Thanks to 
this analysis, it is possible to forecast how the pandemic 
situation will be developing based on the actually availa-
ble data. 
Other advantage is that the created graphs are very good 
readable and offer a clear interpretation of the output 
data. This is convenient for a wide range of personnel or 
people, who can, thanks to the analysis results, create and 
implement plans and to perform possible corrective ac-
tions or changes in the plans according to the develop-
ment of the situation. 
 

RESULTS 
The Weibull analysis was used to determine the probabil-
ity of the confirmed cases and deaths in one-week time 
intervals in three waves of the COVID-19 pandemic in the 
global world-wide scale, in Europe and for a comparison 
also in Slovakia. 
 

Confirmed cases 
As the input the data related to the confirmed cases sum-
marized by the World Health Organization (WHO) were 
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used. In Figure 1 the visualization in the form of the col-
umn bar graph for the global situation in the whole world 
can be seen.  
 

 
Fig. 1 Development of confirmed cases in the world 

 
For the comparison also the situation separately at the Eu-
ropean level – see Figure 2, was analyzed. The regional 
measure is represented by the situation in Slovakia, as can 
be seen in Figure 3. 
 

 
Fig. 2 Development of confirmed cases in Europe 

 

 
Fig. 3 Development of confirmed cases in Slovakia 

 
 
 
 
 
 
 

These input data were processed using the Weibull analy-
sis and the probability of the confirmed cases in three 
waves in the global (Figure 4), European (Figure 5) and re-
gional (Slovakia) (Figure 6) measure were determined. 
 

 
Fig. 4 Probability of confirmed cases in the world 
 

 
Fig. 5 Probability of confirmed cases in Europe 
 

 
Fig. 6 Probability of confirmed cases in Slovakia 
 

Number of deaths 
Accordingly, to the previous part, as the input the data 
served the data about the deaths related to the COVID-19 
pandemic confirmed and summarized by the World 
Health Organization (WHO). For this case, in Figure 7 the 
visualization of deaths related to the COVID-19 in global 
representation can be seen.  
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Fig. 7 Number of deaths in the world 

 
For the comparison also the situation separately at the Eu-
ropean level – see Figure 8, was analyzed. The regional 
measure is also in this case represented by the situation 
in Slovakia, as it can be seen in Figure 9. 
 

 
Fig. 8 Number of deaths in Europe 

 

 
Fig. 9 Number of deaths in Slovakia 

 
The input data from the WHO were processed using the 
Weibull analysis and the probability of the deaths in three 
waves in the world (Figure 10) and in the European (Figure 
11) and regional level in Slovakia (Figure 12) were deter-
mined. 

 
Fig. 10 Probability of number of deaths in the world 

 

 
Fig. 11 Probability of number of deaths in Europe 
 

 
Fig. 12 Probability of number of deaths in Slovakia 
 
DISCUSSION 
From the obtained data it can be seen that if we consider 
COVID-19 pandemics, the number of cases confirmed 
worldwide has a very similar development as in the Eu-
rope. It can be also stated that number of deaths is di-
rectly related to the number of the confirmed cases, but 
with a delay of approx. one month. From the global point 
of view, we are talking about three waves of the pandemic 
situation – the first wave ended approx. in February 2021, 
the second wave in June 2021 and the third wave lasting 
until now. Currently, due to the “omicron” variant, we can 
expect the fourth wave development. 
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However, the situation at the regional level – in our case 
in Slovakia – can be completely different. Due to the gov-
ernmental restrictions and the necessity of testing for ex-
ample due to the opened schools, possibility to travel etc., 
the development of the first and second wave had not so 
significant maximum values. But if we look at the number 
of deaths, it seems like we passed only through one wave 
of the pandemics lasting until the summer 2021 and the 
wave corresponding to the third wave was shifted to the 
end of the year 2021. Therefore, also the prediction anal-
ysis needed to be evaluated differently for this regional 
level. 
These input data create can create a basis for the different 
kinds of prediction models. In our case, for the prediction 
of the pandemic situation development, the Weibull anal-
ysis was applied. From the obtained prediction data, it can 
be seen the probability of the confirmed cases or deaths 
for the one-week time intervals. It means that for example 
from Figure 4 it can be stated that there is a 96% proba-
bility that number of confirmed cases in the world during 
the first wave (marked with blue line) will be 2 millions. 
For the second wave (marked with the red line), the prob-
ability will be 94%. This lower number is due to the effect 
of vaccination. But due to the new variants with higher 
spread, during the third wave (marked with the green 
line) the probability again raised and in this case, it was up 
to the 98 %. Interesting is also the fact that for all waves 
there is a 70% probability that the number of confirmed 
cases will be 3.25 millions. The peak values of the con-
firmed cases can occur only with a small probability. It 
means that for example 5 million of confirmed cases can 
be expected only with the probability 7%, 17% or 2% for 
the first, second and third wave, respectively. From these 
data it can be predicted the peak values for the waves of 
pandemics, which will correspond to the level of approx. 
9%. 
From the number of deaths (Figure 10) we can clearly see 
the effect of the vaccination during the second and espe-
cially during the third wave, where number of deaths de-
creased significantly. During the first wave there was 90% 
probability that number of deaths will be more than 
45000, during the second wave the same probability cor-
responds to the approx. 57000 deaths and during the 
third wave of the pandemic we could expect approx. 
48000 deaths during one week of the pandemic situation. 
The situation in Europe had a very similar development 
during the second and third wave of the pandemic. The 
first wave was of course delayed. Only in the mortality we 
can see more significant decrease of number of confirmed 
cases ended by the death of people. 
These data obtained either from the global, or from the 
European point of view are satisfactory for the prediction 
of the pandemic situation development, however as we 
can see, they are not satisfactory for the national level. 
 
 
 

Because the governmental restrictions for leading for ex-
ample to the home office or to the transition to the dis-
tance learning of students during the first and second 
wave of the pandemics, the testing of people at the na-
tional level and similar regulations can lead to the situa-
tion that the statistical data at the national or regional 
level do not correspond to the global situation. From the 
national level point of view, it can be stated that the best 
situation can be observed during the summer months dur-
ing the summer holidays when there was only small ne-
cessity to testing and therefore number of confirmed 
cases was small. With the beginning of the academic year 
the number of confirmed cases started to rise signifi-
cantly. It seems that the pandemic situation in our country 
is strongly dependent on the academic year with no sig-
nificant transition among first and second wave. It can be 
predicted that similar situation will occur also between 
the third and upcoming fourth wave of the pandemics 
with the in our country still only rarely confirmed omicron 
variant. 
During the first and second wave of the pandemics – in 
case of Slovakia represented only by one trend line due to 
the small differences among the confirmed cases – the 
probability to achieve for example number of 50000 con-
firmed cases was only 3%. From the second (green) line it 
is clear that this probability is much more higher – 14%. It 
is caused by the much more significant weekly growths. 
From the prediction model it can be seen that according 
to the number of confirmed cases and deaths in one-week 
intervals we can determine the probability of the future 
development of the pandemic situation. We can for ex-
ample predict that in Slovakia the probability of deaths 
also due to the lower number of vaccinated people will be 
similar to the previous waves with the 70% probability.  
From the previous development of the governmental re-
striction regarding to the pandemic situation it can be pre-
dicted that the “higher” the prediction curve for the Slo-
vakia is, the sooner we can predict the governmental re-
strictions because it means that the pandemics will have 
growing number of confirmed cases and due to the plan-
ning of the manufacturing processes, services or business 
activities, the early prediction can be determining. And 
with the arising amount of statistical data, the prediction 
can be easily supplemented by the new data to obtain 
more precise prediction model. Because as we can see 
from the Figure 6 and Figure 12, the prediction for the ac-
tual wave is not final, and therefore there is still a long-
term, but small probability of high numbers of confirmed 
cases or deaths. 
The prediction model based on the Weibull analyses was 
verified on the number of confirmed cases and also on the 
number of deaths. However, we propose that the meth-
odology can be applied in the OneSAF software to en-
hance the module for the pandemics or epidemics spread, 
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which can be used to simulate number of healthy, im-
mune, positive and ill people in the chosen area and 
thanks to the enhancement of the prediction model used 
for the constructive simulation it will be possible also to 
improve planning and related decision-making processes 
in the management of the different kind of companies or 
organizations.   
 
CONCLUSION 
The pandemic situation has had a dramatic impact on our 
everyday life, particularly due to the high numbers of mor-
tality caused by the COVID-19. Until the vaccination had 
been developed, one of the most effective ways how to 
eliminate the spread of the disease was to isolate people 
– not only people with the confirm virus, but also possibly 
positive people and most vulnerable people in hospitals 
or in retirements houses. However, in many regions and 
countries the whole societies regulatory restrictions were 
or have been applied. These restrictions have had an in-
fluence on many types of business activities, services, 
manufacturing process, but also on the education, trans-
portation etc. 
Therefore, the goal of this article was to create a predic-
tion model based on the Weibull distribution, which can 
be applied to predict the pandemic situation particularly 
in term of the number of confirmed cases or deaths, 
which have the most significant influence on the imple-
mentation of the regulatory restrictions. And thanks to 
the versatility of the Weibull distributions, the proposed 
methodology can be used for the analyses with a very 
small number of samples and to predict how the pan-
demic situation will be developing based on the actually 
available data. Consequently, it will be easier to create 
and implement business, manufacturing, transportation, 
logistic, economic etc. plans and to perform possible cor-
rective actions or changes in these plans according to the 
actual development of the pandemic situation. 
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