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ABSTRACT 
 
To overcome a pandemic, reliable statistics are needed. It is 
also important to use assess the development and impact of 
the pandemic. This is important for making effective 
management decisions. Based on this, the paper analyzes the 
impact of COVID-19 on changes in the price of basic energy 
resources. This analysis is based on the ideology of wavelets. 
We used the method to calculate wavelet coherence estimates. 
The adequacy of using the ideology of wavelets to obtain 
appropriate estimates is shown. The results are obtained for 
real data. 
 
Key words: Viruses, Pandemic, COVID-19, Energy 
Resources, Wavelet Coherence, Price. 
 
1. INTRODUCTION 
 
Viruses, epidemics and pandemics are components of human 
life. These viruses, epidemics and pandemics are considered 
as sources of various negative phenomena. Among these 
phenomena can be identified: an increase in the morbidity of 
the population, an increase in fatal cases, a decrease in 
productivity, the impact on the economic stability of the 
development of society [1].  
 
To minimize the impact of such negative phenomena, it is 
important to know the dynamics of an epidemic or pandemic. 
It is also important to know the influence of this dynamics on 
the development of other processes that are being studied. To 
do this, you must have reliable statistics. A prerequisite for 
applying the data is the ability to explain the existing 

 
 

relationships between the various parameters that describe the 
dynamics of the epidemic (pandemic) and other processes 
under study. Therefore, it is equally important to analyze the 
data that are available. 
 
Data analysis is an important tool for understanding the 
development of COVID-19 and its impact on various 
components of human life. At the same time, COVID-19 flash 
analysis models are imperfect [2]. This is due to the fact that 
data on the distribution of COVID-19 are limited, and the 
epidemiological characteristics are not completely 
determined. 
 
From the point of view of the stability of the development of 
society, the production of goods, human life, it is important to 
know and take into account the dynamics of changes in prices 
for basic energy resources [3]. Among these main energy 
resources, oil and natural gas should be highlighted. Then, one 
of the objectives of the study should be an assessment of the 
relationship between the development of the COVID-19 
pandemic and changes in oil and natural gas prices. It is these 
issues that this study is dedicated to. 
 
2. REVIEW OF THE LITERATURE 
 
Today, there are number of works that consider information 
on COVID-19 transmission with different mathematical 
models. In existing works, analysis is presented starting from 
weekly statistics and ending with a monthly analysis of 
COVID-19 outbreaks and “fatal” cases. 
 
All these works are aimed at simulating and predicting real 
COVID-19 outbreak, as well as determining specific numbers 
of deaths. 
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For example, in [4] early dynamics of transmission and 
control of COVID-19: mathematical modeling studies are 
presented. The process of modeling COVID-19 transmission 
of during January 2020 and February 2020 is described. There 
are used two additional data sets for comparison with model 
output: daily number of new exported cases from Wuhan (or 
their absence) and data on new confirmed cases recorded in 
Wuhan. 
In [5], authors focused on considering measures to control 
COVID-19 transmission at earliest stage – during first 50 days 
of epidemic. The authors investigated transmission and 
control of COVID-19 using a dataset of specific cases, 
methods of epidemic transmission, and medical interventions. 
 
In [6], COVID-19 was simulated to estimate actual number of 
sick and fatal cases that were not reported during first half of 
January 2020. 
 
Assessment of COVID-19 infected population extent and 
dynamics of transmission of epidemic in February 2020 are 
described in [7]. Based on publicly available and published 
information, authors evaluated risk of death. According to [7], 
it is precisely level of population that is key parameter in 
determining dynamics of epidemic transmission, as well as in 
predicting COVID-19 transmission paths. 
 
Data on epidemic for March 2020 are presented in [8]. The 
authors carried out an empirical transmission of delays of 
epidemic, as well as simulated a generalized model of 
increase in number of infected people and, as result, using 
discrete transmission of COVID-19 propagation interval 
probabilities, estimated outbreak period. 
 
At the same time, another area of research determines the 
impact of the COVID-19 pandemic on various processes of 
human life. 
 
The paper [9] analyzes the impact of the COVID-19 pandemic 
on price changes in financial markets. This allows you to 
evaluate the financial stability and development of production 
in various countries. 
 
In [10], [11] the effect of COVID-19 on falling oil prices is 
investigated. Particular attention is paid to geopolitical risks 
and the development of the stock market in a pandemic. All 
this affects the life of a person. 
 
For this analysis, various statistical methods are used, the 
corresponding models are constructing. These models are 
based on time series analysis. At the same time, the 
application of the ideology of wavelets is promising [12], 
[13]. The use of such an ideology allows us to identify hidden 
trends, conduct research at different time intervals. Therefore, 
for the purposes of this study, we will use wavelet analysis 
methods. 
 

3. WAVELET COHERENCE AS A WAVELET 
ANALYSIS TOOL  
 
The ideology of wavelets allows the analysis of data that is 
presented in the form of a time series. Such an analysis can be 
performed for each data series and for the analysis of the 
mutual dynamics between two data series.  
In the first case, we examine development trends for a 
particular series of data.  
 
In the second case, we can evaluate the dynamics of mutual 
influence. We can also explore cross-references between the 
series that are being investigated. For this, a method is used 
that is based on the estimation of wavelet coherence [12], 
[13]. All this allows us to do data mining [14]-[16]. 
 
To determine the values of wavelet coherence, we consider 
the values of cross wavelet spectra )q,g(Wxy  for two data 

series )t(g  and )t(q  ( x  is the variable that displays the data 
number in the series under investigation and y is the variable 
that displays the depth of cross-links for a time series – t ). 
The general formula has the following form [12], [13], [17], 
[18]: 
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where: D  is a smoothing operator, 1)q,g(R0 2  . 
To calculate the values of the wavelet coherence (in 
accordance with formula 1), we use the Morlet wavelet. If 
these values tend to zero, then we have a weak correlation. 
Otherwise, we have a strong correlation [12]. To assess the 
reliability of the wavelet coherence values, the Monte Carlo 
method is used [13]. 
 
4. DATA FOR ANALYSIS 
 
In accordance with the research topic, we consider the 
following initial data: 
 
– COVID-19 statistics, which reflect the cumulative total of 
cases diseased (Figure 1). Generalized data from the site:  
https://www.who.int/emergencies/diseases/novel-coronavirus
-2019. These data are presented in the period 
18.01.2020-27.06.2020; 
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Figure 1: Statistics on COVID-19 (reflect the cumulative total of cases 
diseased) 

 
– COVID-19 statistics, which reflect the data in the context of 
each day from the studied interval (Figure 2). Generalized 
data from the site: 
https://www.who.int/emergencies/diseases/novel-coronavirus
-2019). These data are presented in the period 
18.01.2020-27.06.2020. 
 

 
 

Figure 2: Statistics on COVID-19 (data of cases diseased in the context of 
each day from the studied interval) 

 
The data in Figure 1 and Figure 2 show the same trends in the 
number of cases of diseased COVID-19. At the same time, we 
can observe some details of such dynamics for the data 
presented in Figure 2. Therefore, these data series can be used 
for the corresponding analysis.Figure 3 shows the dynamics 
of prices for BRENT and WTI crude oil (data from 
https://index.minfin.com.ua/markets/oil/). These data are 
presented in the period 18.01.2020-27.06.2020.  
 

 
 

Figure 3: Trends in BRENT and WTI crude oil prices 
 

We can observe the same trend in the dynamics of such data. 
At the same time, we are observing some differences in the 
data dynamics being investigated. Therefore, for analysis, we 
will consider both series of data. 
 
Figure 4 shows the dynamics of prices for natural gas data 
from the site https://index.minfin.com.ua/markets/gas/). 
These data are presented in the period 
18.01.2020-27.06.2020. We see that the dynamics of natural 
gas prices is dynamic. At the same time, natural gas price 
variability is in a small range: 1.5-2 USD / MMBtu. These 
data are also of interest for the relevant study. 
 

 
 

Figure 4: Natural Gas Price Trends 
 
Thus, the data presented are used to determine the 
corresponding estimates of wavelet coherence. These results 
are shown below. 
 
5. RESULTS AND DISCUSSION 
 
Figure 5 presents the assessment of the wavelet coherence 
between the data presented in Figure 1 and Figure 3 (oil brand 
- BRENT). 
 

 
 

Figure 5: Assessment of wavelet coherence between the data presented in 
Figure 1 and Figure 3 (oil brand - BRENT) 

 
Figure 6 shows the assessment of the wavelet coherence 
between the data presented in Figure 1 and Figure 3 (oil brand 
- WTI). 
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Figure 6: Assessment of wavelet coherence between the data presented in 

Figure 1 and Figure 3 (oil brand - WTI) 
Figure 5 and Figure 6 show (and further for other figures that 
are presented below): 
– dashed white line, which limits the region of reliable values 
of wavelet coherence with a confidence level of at least 0.95; 
– scale for analyzing the significance of wavelet coherence 
data. Such data for clarity also have color values. This data 
displays the corresponding wavelet coherence values in the 
figure that is shown; 
– the axis shows the depth of the relationship between the 
series of data that are being analyzed; 
– the axis shows the ordinal values of the data for the period 
18.01.2020-27.06.2020. 
 
The wavelet coherence estimates shown in Figure 5 and 
Figure 6 are approximately the same. But the data in Figure 6 
is more clearly detailed. At the same time, it should be noted 
that the influence of COVID-19 (for dynamics cumulative 
total of cases diseased) on the dynamics of oil prices is 
fragmented. At the same time, such fragmentation is 
manifested for periods of time up to 4 days (as a rule). A 
longer effect, associated with the expectation of a possible 
change in oil prices, was observed in the middle of the studied 
period of time. But it should be noted that this period was a 
turning point in the change in oil prices (see data in Figure 3). 
Such dependence (see data in Figure 5 and Figure 6) 
manifested itself from 8 to 16 days. These data correlate with 
the findings of the study [11]. 
 
Figure 7 provides an estimate of the wavelet coherence 
between the data presented in Figure 1 and Figure 4 
(dynamics of the price of natural gas). 
 

 
 

Figure 7: Assessment of wavelet coherence between the data presented in 
Figure 1 and Figure 4 (dynamics of the price of natural gas) 

The data in Figure 7 shows the presence of small and 
long-term relationships between the data series that are being 
investigated. In other words, the expectation of a change in the 
price of natural gas under the influence of the dynamics of the 
incidence on COVID-19 has both a short and long term. This 
fact can be taken into account when developing appropriate 
intelligent systems for production management. However, 
such expectations are fragmented. 
 
Figure 8 presents the assessment of the wavelet coherence 
between the data presented in Figure 2 and Figure 3 (oil brand 
- BRENT). 
 

 
 

Figure 8: Assessment of wavelet coherence between the data presented in 
Figure 2 and Figure 3 (oil brand - BRENT) 

 
Figure 9 shows the assessment of the wavelet coherence 
between the data presented in Figure 2 and Figure 3 (oil brand 
- WTI). 
 

 
 

Figure 9: Assessment of wavelet coherence between the data presented in 
Figure 2 and Figure 3 (oil brand - WTI) 

We see that the data in Figure 8 and Figure 9 are 
approximately the same. These displays the same dynamics 
for oil prices (see data in Figure 3). 
 
The data in Figure 8 and Figure 9 are also comparable to the 
data in Figure 5 and Figure 6, respectively. Nevertheless, the 
data of Figure 8 and Figure 9 are more clearly detailed than 
the data of Figure 5 and Figure 6. Thus, to analyze the impact 
of COVID-19 on price dynamics, it is advisable to take into 
account data of cases diseased in the context of each day from 
the studied interval. At the same time, for example, in a study 
[11], an analysis was made for data that reflect the cumulative 
total of cases diseased. 
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Figure 10 presents the assessment of the wavelet coherence 
between the data presented in Figure 2 and Figure 4 
(dynamics of the price of natural gas). 
 

 
 
Figure 10: Assessment of wavelet coherence between the data presented in 

Figure 2 and Figure 4 (dynamics of the price of natural gas) 
 
The data in Figure 10 are more detailed than the data in Figure 
7. In particular, we can observe longer-term relationships 
between the series of data that are being investigated. 
Moreover, this dependence is characteristic of the middle of 
the studied time period. As a result, we see that against the 
background of an increase in the incidence of COVID-19 (see 
the data in Figure 2), natural gas prices are decreasing (see the 
data in Figure 4). 
 
Thus, in general, we can talk about the adequacy of the 
wavelet coherence tool for assessing the impact of COVID-19 
on changes in prices for basic energy resources. 
 
6. CONCLUSION 
 
Epidemics and pandemics affect all spheres of human activity. 
This thesis is fully supported by the COVID-19 pandemic, 
which is currently distributed worldwide. Therefore, it is 
important to assess the impact of a pandemic on various areas 
of human activity. A key area of human activity is its 
economic activity. This allows you to have the resources to 
overcome the epidemic and further economic development. 
Among the key concepts for maintaining human economic 
activity, the dynamics of prices for basic energy resources 
should be highlighted. 
The paper shows the feasibility of using the ideology of 
wavelets to assess the impact of COVID-19 on the dynamics 
of prices for basic energy resources. In particular, estimates 
are given of the impact of COVID-19 on the price of oil and 
the price of natural gas. It was noted that the assessment of the 
impact of the dynamics of data of cases diseased in the context 
of each day from the studied interval on the dynamics of 
prices for basic energy resources is more informative and has 
clear detail. 
 
The results can be used to build intelligent systems for 
managing economic activity. 
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