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Abstract

Coronaviruses are one of the most dangerous forms of viruses. The development of the COVID-19 pandemic takes the
form of a potential threat to all of humanity. This is due to the fact that coronaviruses have high pathogenicity, the ability
to overcome human immunity. There are also difficulties in treating diseases that are associated with coronavirus. To
solve such issues, it is important to obtain reliable statistical data, as well as conduct a comprehensive analysis of the
data that are currently received. Based on this, the paper considers the possibility of analyzing data on the development
of the COVID-19 pandemic based on wavelet analysis approaches. The wavelet coherence method was used as the main
approach for statistical data analysis. The consistency of the results for different countries of the Persian Gulf is shown.
Based on the analysis of the depth of cross-references between the studied data series, the most significant time periods
were obtained until patients recover or die. Some explanation is given for the patterns that arise for individual Gulf
countries. The data obtained can be used in the fight against the pandemic COVID-19, understanding the dynamics of
its development.
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1. Introduction

Viruses, infections are one of the components of human life [1, 2]. The unpredictability and specificity of the effects of
viruses and infections on humans, the ability to mutate complicates the fight against these sources of potential danger

[3].

Currently, the global challenge facing humanity is the development of the COVID-19 pandemic. As of April 3, 2020,
according to the World Health Organization, the total number of infected people with the COVID-19 coronavirus is 972
303, and the total number of deaths is 50 321 (according to Situation report - 74. Coronavirus disease 2019 (COVID-
19). 3 April 2020. https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200403-sitrep-74-
covid-19-mp.pdf?sfvrsn=4e043d03_12). All this happened in just 3 months of the development of the COVID-19
pandemic.

Therefore, the efforts of all mankind are aimed at overcoming the consequences of the action of the coronavirus COVID-
19. Among such efforts, an understanding of the available general statistics that describe the development of the COVID-
19 pandemic should be highlighted. One of the tasks of analyzing statistical data is the search for certain patterns, the
possibility of explaining such patterns. Ultimately, this allows us to understand the nature of the development processes
of the COVID-19 pandemic. Thus, the main goal of this study is to analyze general statistical data and identify possible
patterns of the development of the COVID-19 pandemic.
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2. Material and methods

2.1. A small review of research publications

Various statistical methods are used to study the development processes of the COVID-19 pandemic.

A. L. Ziff and R. M. Ziff consider the development of the COVID-19 pandemic based on fractal kinetics [4]. This makes it
possible to obtain new assessments for the development of the COVID-19 pandemic. At the same time, the authors
compare their research with the works of other authors, pointing to their shortcomings. This makes it possible to obtain
new models and more accurate results.

A. Brandenburg examines various distribution laws to explain mortality processes during the development of the
COVID-19 pandemic [5]. A. Brandenburg compares the exponential and quadratic model of the increase in deaths from
COVID-19. The author gives his explanations for various models, which allows a better understanding of the situation
that arises in the process of obtaining new statistics data.

Q. Yang, C.Yi, A. Vajdi, L. W. Cohnstaedt, H. Wu, X. Guo and C. M. Scoglio consider different distribution models of COVID-
19 [6]. These models are based on Markovian processes and non-Markovian processes. Such a comparison allows a
better understanding of the distribution path of COVID-19, taking the necessary measures to respond to possible
scenarios of the development of the COVID-19 pandemic. In [6], it was shown that non-Markovian models provide a
better explanation of the distribution processes of COVID-19.

S. L. Chang, N. Harding, C. Zachreson, O. M. Cliff and M. Prokopenko consider the computer model of COVID-19
distribution [7]. This model takes into account the age of infected people, the speed of spread of the disease, and
measures to isolate people [7]. This allows you to evaluate the time period for controlling the distribution of COVID-19.

Particular attention is paid to the selection of the distribution model of the COVID-19 epidemic. To do this, different
authors analyze various distribution laws, which allows us to describe the primary statistical data. The choice of data
distribution laws is based on accurate statistical criteria and estimates between different data groups. In this case, the
possible distribution laws are determined by daily data. An example of such research is the works [8-10].

S. Deb and M. Majumdar consider the distribution model of COVID-19, which is based on the quadratic trend of the
spread of the disease [11]. The paper shows that such a model allows us to develop measures to counter the pandemic.

L. Jia, K. Li, Y. Jiang and X. Guo compare forecast models for analyzing COVID-19 distribution processes such as logistic
model, Bertalanffy model, and Gompertz model [12]. This comparison allows a comprehensive analysis of processes of
distribution COVID-19, build appropriate forecasting models.

Thus, different methods and approaches are used to analyze the of distribution processes of COVID-19, research
primary statistics. This allows you to draw appropriate conclusions and make decisions that are necessary. At the same
time, there is a need to expand such research. This will help to understand all the processes that occur as a result of the
development of the COVID-19 pandemic. One of the directions for the development of relevant studies is a mutual
analysis of existing primary statistics (total number of infected COVID-19, number of deaths, number of recovered). The
solution to this problem is possible through the use of wavelet ideology, which has shown good results in the study of
medical data [13-15].

2.2. Wavelet coherency as a data analysis tool

The ideology of wavelets allows the analysis of various processes where the data are presented in the form of a time
series [16]. Such an analysis is based on the search for changes in the values of the series being investigated [15]. Among
the methods of wavelet ideology, wavelet coherence should be distinguished [16, 17].Wavelet coherence allows cross
analysis for the data that is being investigated. Such an analysis can be done for different depths of the data series that
are being investigated. This allows us to justify the conditions for complete data consistency between the data series
that are being studied.

To determine the values of wavelet coherence, we consider the values of cross wavelet spectra ny( 0,q) for two data

series g(t) and (t) (x is the variable that displays the data number in the series under investigation, y is the
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variable that displays the depth of cross-links for a time series, t - time interval being investigated). The general
formula has the following form [16, 17]:

M (kWi (9,0))
VKIW,(9.0)° V(KW (9.9)")

R%(g,q)= (1)

where: V is a smoothing operator, 0 < RZ( g,9)<1. If the values Rz( 0,() tend to zero, then we have a weak
correlation. Otherwise, we have a strong correlation [16, 17].

2.3. Data for analysis

Among the Gulf countries, this study examines: Iran, Iraq, Kuwait, Oman, Qatar and Saudi Arabia. These countries have
been selected in view of the different trends in the development of the COVID-19 pandemic, the various numbers of
people and the size of their territories. For other Gulf countries, the results that we get can be interpolated taking into
account their features. General data for these countries is publicly available on websites:

https://www.worldometers.info/coronavirus/,
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports,
https://github.com/datasets/covid-19,

https://datahub.io/core/covid-19.

We are considering the period 01/22/2020 - 02/04/2020. Among the data that we are considering, there is - total
number of confirmed cases of COVID-19, total number of recovered, total number of deaths. At the same time, it should
be noted that for different countries the data are presented for different periods. Therefore Fig. 1 illustrates a
logarithmic dependence of the data in time.

From the data in Fig. 1 we see the different dynamics of the development of the COVID-19 pandemic. We can also
observe completely different dynamics of deaths due to the spread of COVID-19 in each country that we analyze. There
is an explanation for this - each country differs in the level of medicine, the level of response to the development of the
situation, the level of reliability of statistical data.

Thus, in order to understand the development processes of the COVID-19 pandemic, we consider the corresponding
estimates of wavelet coherence.
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Figure 1 Dynamics of the development of the COVID-19 pandemic in the Gulf countries (logarithmic dependence
shown)

3. Results and discussion

Coronaviruses are one of the dangerous sources of human infection. Such a source can be fatal. At the same time, there
are certain difficulties in the treatment of diseases that are associated with coronavirus. To solve such issues, it is
important to obtain reliable statistics. Equally important is the analysis of the data that are available. Moreover, the
necessary condition for the use of such data is the ability to explain the existing relationships between the various
parameters that describe the dynamics of the pandemic [18].

We will examine estimates of wavelet coherence between the total number of confirmed cases of COVID-19 and the total
number of recovered, as well as between the total number of confirmed cases of COVID-19 and the total number of deaths.
This will determine the depth of periods of general consistency between the series of data that are being investigated. As a
result, this data can be estimates that characterize the onset of outcomes (recovery or death) after infection with the COVID-19
coronavirus.

It should also be noted that the source data has different lengths. The defining data series is a data series that shows the total
number of confirmed cases of COVID-19. Therefore, all other data series will be compared with a data series that shows the
total number of confirmed cases of COVID-19. In some cases, we will not consider the relationship between some data series.
This will apply to cases where the data series described by the total number of deaths is not large enough. In this case, we do
not consider such data for Kuwait, Oman, Qatar (see Fig. 1).

In Fig. 2 — Fig. 7 presents the results for estimating the wavelet coherence for each of the Gulf countries (in accordance with
the data in Fig. 1 and the remarks indicated above).

In Fig. 2 — Fig. 7, the abscissa axis indicates the time period, which is considered for each country separately. The measurement
interval is one day. The ordinate axis indicates the cross-reference depth scale. The dashed white line limits the region of reliable
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values of wavelet coherence (with a confidence level of at least 0.95). Each figure (right) also shows a scale for analyzing the
significance of wavelet coherence data (from 0 to 1). Such data for clarity have color values.

In Fig. 2 shows the wavelet coherence values for data from Iran. These data are for the period 02.19.2020 - 02.04.2020. Fig. 2a
shows the relationship between total number of confirmed cases of COVID-19 and total number of recovered. Fig. 2b shows
the relationship between total number of confirmed cases of COVID-19 and total number of deaths.

Wavelet Coherence Wavelet Coherence

s yuay o)

Figure 2 Wavelet coherence values for data from Iran

From the data in Fig. 2 shows that the recovery or the onset of death has a small depth of cross-references for the
beginning of the period that is being studied and the end of such a period. To start the period, the explanation of this
factis the lack of complete data. For the end of the period, an explanation of this fact is a continuation of the development
of the COVID-19 pandemic. For other time periods, the smallest depth of the respective cross-reference is at 4 to 8 days.
This may also be evidence of a lack of complete and reliable data. The reason for such comments is the fact that a possible
recovery (depending on the severity of the disease) by the median number of days from the onset of symptoms is
possible after 14 days of hospitalization [19]. At the same time, the median number of days before the onset of death
may be minimal (depending on the length of hospitalization and the time of detection of infection) [20, 21].

In Fig. 3 shows the wavelet coherence values for data from Iraq. These data are for the period 24.02.2020-02.04.2020.

Fig. 3a shows the relationship between total number of confirmed cases of COVID-19 and total number of recovered.
Fig. 3b shows the relationship between total number of confirmed cases of COVID-19 and total number of deaths.

Wavelet Coherence Wavelet Coherence

a) b)

Figure 3 Wavelet coherence values for data from Iraq
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Fig. 3 show, that the most significant and stable cross-reference depth in terms of the possible recovery or death of
patients with COVID-19 is 12-16 days. This is already in better agreement with the data of studies that were carried out

in [19, 10].

In Fig. 4 shows the wavelet coherence values for data from Kuwait. These data are for the period 24.02.2020-02.04.2020.
Fig. 4 shows the relationship between total number of confirmed cases of COVID-19 and total number of recovered.

Wavelet Coherence

Figure 4 Wavelet coherence values between total number of confirmed cases of COVID-19 and total number of
recovered for data from Kuwait

From the data in Fig. 4 shows that the cross-reference depth for the wavelet coherence estimates between the total
number of confirmed cases of COVID-19 and the total number of recovered for data from Kuwait is 24 days. At the same
time, you can see less significant data in 4-8 days. Given the fact that no patients who died in the time period that we
are considering, we can talk about the effectiveness of healthcare services or the absence of severe disease COVID-19.

In Fig. 5 shows the wavelet coherence values for data from Oman. These data are for the period 24.02.2020-02.04.2020.
Fig. 5 shows the relationship between total number of confirmed cases of COVID-19 and total number of recovered.

Wavelet Coherence

e gy

Figure 5 Wavelet coherence values between total number of confirmed cases of COVID-19 and total number of
recovered for data from Oman

Data Fig. 5 is identical to the data in Fig. 4. Therefore, identical conclusions can be drawn. At the same time, it should be
noted that the minimum cross-reference depth for wavelet coherence estimates between the total number of confirmed

cases of COVID-19 and the total number of recovered for data from Oman is 15-16 days.

In Fig. 6 shows the wavelet coherence values for data from Qatar. These data are for the period 02.29.2020 - 02.04.2020.
Fig. 6 shows the relationship between total number of confirmed cases of COVID-19 and total number of recovered.
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Wavelet Coherence

Figure 6 Wavelet coherence values between total number of confirmed cases of COVID-19 and total number of
recovered for data from Qatar

Fig. 6 do not provide significant data on the existence of stable relationships between total number of confirmed cases
of COVID-19 and total number of recovered.

In Fig. 7 shows wavelet coherence values for data from Saudi Arabia. These data are for the period 02.03.2020-
02.04.2020. Fig. 7a shows the relationship between total number of confirmed cases of COVID-19 and total number of
recovered. Fig. 7b shows the relationship between total number of confirmed cases of COVID-19 and total number of
deaths.

Wavelet Coherence Wavelet Coherence

a) b)
Figure 7 Wavelet coherence values for data from Saudi Arabia

Data Fig. 7 are similar to the data in Fig. 2. Therefore, the conclusions for the data in Fig. 7 are identical to the findings
for the data in Fig. 2.

In Fig. 8 shows the wavelet coherence values for data from all the Gulf countries that we are exploring. These data are
for the period 01.29.2020 - 02.04.2020. Fig. 8a shows the relationship between total number of confirmed cases of
COVID-19 and total number of recovered. Fig. 8b shows the relationship between total number of confirmed cases of
COVID-19 and total number of deaths.
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Wavelet Coherence Wavelet Coherence

Figure 8 Wavelet coherence values for data from Gulf countries

Data Fig. 8 summarize the results that were obtained previously. We can see that the most significant and stable cross-
reference depth for wavelet coherence estimates between the total number of confirmed cases of COVID-19 and the
total number of recovered for data from the Persian Gulf countries starts from 16 days.

The depth of cross-references for estimating the wavelet coherence between the total number of confirmed cases of
COVID-19 and the total number of deaths in the first half of the study period is not strictly defined. For the second half
of the study period, this depth varies from 4 days and is the most stable from 12 days and above. The explanation for
this may be a small number of deaths for most Gulf countries, with the exception of Iran. At the same time, it should be
noted that for most Gulf countries, mortality of patients from COVID-19 is observed in the last 10-12 days, from the
studied time period.

Therefore, the data in Fig. 8 can be used to assess the development of the COVID-19 pandemic in each Gulf country. We
can use data such as boundary criteria.

4. Conclusion

We analyzed general statistics that describe the dynamics of the COVID-19 pandemic. Some Gulf countries were selected
as a separate study region. For analysis, we used one of the approaches of the wavelet ideology - the wavelet coherence
method. This method makes it possible to assess the degree of influence between the data series that are being
investigated. The basis of this analysis is the study of the depth of cross-references between data series. We obtained
results that explain some points in the dynamics of the COVID-19 pandemic in the Gulf countries. The results of wavelet
coherence for the generalized data of the Gulf countries were also obtained. It is shown that such data can be used as
boundary criteria.
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