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Abstract 

The development of the COVID-19 pandemic makes it necessary to conduct various studies on this topic. One of the key 
questions is the study of the dynamics of the development of this disease. It is important to know for each country. At 
the same time, the study of the dynamics of the development of COVID-19 for countries in a particular region is relevant. 
The main objective of this study is to analyze the main indicators of the development of the COVID-19 epidemic for 
individual countries in the eastern Mediterranean. Abbreviations if possible. We review statistics that characterize the 
total number of confirmed cases of COVID-19, total number of recovered, total number of deaths. This is cumulative 
data. These data are considered for each individual country from the selected region. Also summarized data for the 
selected region are considered. To analyze the data, we use estimates of the wavelet coherence values. We obtained 
estimates of wavelet coherence values for countries such as: Egypt, Israel, Jordan, Lebanon, Syria, Turkey and Cyprus. 
These estimates reflect the depth of the relationship between total number of confirmed cases of COVID-19 and total 
number of recovered, between total number of confirmed cases of COVID-19 and total number of deaths. This makes it 
possible to assess the degree of influence between the series of data that are being investigated. This allows us to draw 
conclusions about the development of the COVID-19 pandemic. The results are obtained that explain some aspects of 
the dynamics of the COVID-19 pandemic in individual countries of the selected region.  
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1. Introduction

Various diseases accompany a person throughout his life. Thus, diseases are an integral part of human life. Of particular 
importance, in this context, are epidemics and pandemics, which are capable of rapidly spreading and affecting wide 

sections of the population [1]. It is also important to note that in the early stages of the development of epidemics and
pandemics, there are no drugs to combat them. 

In its history, humanity has experienced many epidemics and pandemics [1]. Currently, humanity is faced with 
coronavirus infection COVID-19. COVID-19 is a severe acute respiratory infection caused by the SARS-CoV-2 virus [2]. 
As of 21.04.2020, 2 397 217 people were infected with COVID-19, 162 956 people died [3]. However, less than 4 months 
have passed since the pandemic began. 

One of the areas of study of epidemics and pandemics is the study of the dynamics of the spread of the disease, the 
dynamics of deaths and the dynamics of recovered patients. Such indicators are the main ones in the study of the 
development of the epidemic (pandemics) [4]. At the same time, this analysis allows you to: 
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 make assumptions about possible peaks in the development of the epidemic (pandemic); 
 To predict the dynamics of the epidemic (pandemic); 
 To analyze the consistency of individual disease indicators, which allows us to draw general conclusions about 

the effectiveness of measures that are used to stop the development of the epidemic and treatment methods. 

Thus, the main goal of this study is to analyze the main indicators of the development of the COVID-19 epidemic for 
individual countries. An important point of this analysis is also a comparison of the development of the COVID-19 
epidemic between different countries.  

2. Material and methods 

2.1. A small review of research publications 

To study the dynamics of the epidemic, as a rule, various statistical methods are used. 

Wang et al. [5] to study the dynamics of COVID-19, a predictive model is used. This model takes into account the rate of 
transmission of the disease, the frequency of infection, and the rate of recovery. This model allows us to assess the 
development trends of the COVID-19 epidemic, taking into account preventive measures and counteraction to infection 
from COVID-19. 

Sarkodie and Owusu [6] use dynamic statistical analysis techniques to study the dynamics of the epidemic COVID-19. 
The authors of the study also emphasize the importance of considering data that are derived from descriptive statistics. 
This allowed them to build various models for the analysis of COVID-19 dynamics. Comparison of different models 
among themselves allows us to describe various cases of the development of COVID-19 dynamics. This allows you to 
better understand the dynamics of the spread of the epidemic. 

Yang et al. [7] use a simple linear regression model to estimate deaths coefficients from COVID-19. Moreover, all cases 
of deaths were divided into separate groups, depending on the development of the disease. This approach provides 
simple and quick estimates, which helps to understand the dynamics of COVID-19, to evaluate the effectiveness of 
measures taken to prevent this disease. 

Dehkordi et al. [8] conduct a study of the dynamics of the development of COVID-19 based on classical statistical 
methods. Such an analysis is carried out for different countries. This allows us to find a common approach for revealing 
the relationship between the dynamics of diseases and the deaths from COVID-19. 

Nishiura, Linton, and Akhmetzhanov [9] examine the validity of empirical data, which is important in the study of 
COVID-19 dynamics. Statistical methods compare complete data sets and individual subsets of the source data. This 
comparison is based on various distribution models that describe empirical data. This allows you to minimize errors 
that may occur in the process of building a forecast for the development of the epidemic. 

Brandenburg [10] considers various distribution laws to explain the mortality processes during the development of the 
COVID-19 pandemic. The author provides a detailed explanation for the exponential and quadratic growth model of the 
number of deaths from COVID-19. This allows you to better understand the situation that arises in the process of 
obtaining new statistics. 

Kamrujjaman, Mahmud, and Islam [11] explore the general picture of the development of COVID-19 as part of 
mathematical growth functions. This makes it possible to understand which growth pattern corresponds to the scenario 
for individual cases. 

Thus, various directions in the study of the development of the COVID-19 epidemic can be distinguished. This allows us 
to understand such dynamics as a whole. In this case, special attention should be paid to comparative analysis, which 
will help to better reveal the dynamics of the COVID-19 epidemic. At the same time, such a comparison should be carried 
out in the context of key indicators, such as: the dynamics of the spread of the disease, the dynamics of deaths and the 
dynamics of recovered patients. 

In our opinion, this can be done based on the methodology of wavelet analysis and the corresponding methods and 

approaches [12-14].Moreover, the wavelet analysis methodology can give new results in the study of the dynamics of 
the distribution of COVID-19. 
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2.2. Wavelet coherence as one of the tools of the general wavelet methodology 

In general, wavelet analysis allows the analysis of various processes where the data are presented in the form of a time 
series [15]. Such an analysis is based on the search for changes in the values of the series being investigated [12]. Among 
the methods of wavelet ideology, wavelet coherence should be distinguished [15, 16].  Wavelet coherence allows cross-
sectional analysis for the data that is being investigated. This is important for studying the dependencies between 
different data and determining the depth of such dependence. At the same time, the depth of the relationship between 
the data has a certain meaning (this will be shown below). 

To determine the values of wavelet coherence, we consider the values of cross wavelet spectra 
)l,k(Uxy  for two data 

series 
)t(k

 and )t(l  ( x  is the variable that displays the data number in the series under investigation, 
y

 is the 
variable that displays the depth of cross-links for a time series, t  – time interval being investigated). The general 

formula has the following form15, 16:  
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Where: H  is a smoothing operator, 1)l,k(R0 2  . If the values )l,k(R2
 tend to zero, then we have a weak 

relationship between data series. Otherwise, we have a strong dependence15, 16. 

2.3. Data for analysis 

For analysis, selected countries of the eastern Mediterranean. Among these countries we consider: Egypt, Israel, Jordan, 
Lebanon, Syria, Turkey and Cyprus. This region and these countries are chosen because they are one of the destinations 
for tourism and recreation. Currently, these are countries such as Egypt, Israel, Jordan, Turkey and Cyprus. Other 
countries are added for comparison and a more complete description of the region. Therefore, it is important to know 
the dynamics of COVID-19 in this region. This is important from the point of view of security and the possibility of 
resuming tourism in this area. 

The general data for the countries we are considering is publicly available on the 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 22.01.2020 – 20.04.2020. We will consider such data: total number of confirmed cases 
of COVID-19, total number of recovered, total number of deaths. This is cumulative data. 

For different countries, data are presented for different periods. This is an objective fact and is associated with 
differences in the conditions for the onset and spread of the COVID-19 epidemic for each country. Fig. 1 shows the 
logarithmic dependence of the data.  
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Figure 1 Dynamics of the development of the COVID-19 pandemic in selected countries of the eastern Mediterranean 
(logarithmic dependence) 

We can observe the different dynamics of the development of the COVID-19 pandemic. We can also observe completely 
different dynamics of deaths people from COVID-19 in each country that we analyze. The same differences are observed 
in the dynamics of recovered patients. 

Therefore, for an extended analysis and understanding of the pandemic development processes, we will consider the 
wavelet coherence estimates between the main indicators that characterize the dynamics of COVID-19. Such estimates 
are given for each country separately. 

3. Results  

We will consider wavelet coherence estimates between total number of confirmed cases of COVID-19 and total number 
of recovered, as well as between total number of confirmed cases of COVID-19 and total number of deaths. This will 
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determine the depth of the relationship between each pair of data series that are being investigated. The depth of this 
relationship can be interpreted: 

– Between the total number of confirmed cases of COVID-19 and the total number of recovered as a steady number of 
days necessary for patients to recover, 

– Between the total number of confirmed cases of COVID-19 and the total number of deaths as the number of days 
characterizing the possible likelihood of a fatal event. 

As a result, this data can be estimates that characterize the onset of outcomes (recovery or deaths) after infection with 
the COVID-19 coronavirus. At the same time, the depth of the relationship may characterize: 

Treatment effectiveness (for example, depth-stable periods of the relationship between the total number of confirmed 
cases of COVID-19 and the total number of recovered for the entire time interval that is analyzed), 

The effectiveness of the response of the medical system in countering the spread of COVID-19 (for example, the presence 
of periods that reflect significant in depth relationships between the total number of confirmed cases of COVID-19 and 
total number of deaths), 

the presence in the analyzed data of late treatment with signs of COVID-19 disease (in the case of the presence of periods 
that reflect insignificant in depth relationships between total number of confirmed cases of COVID-19 and total number 
of deaths). 

It should also be noted that the source data for each country have 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. Perhaps in some cases we will not have 
consistency between some series of data. This can happen when the data series are not large enough or their data is not 
significant. If this happens, we will discuss it separately. 

Fig. 2 – Fig. 8 presents the results for estimating the wavelet coherence for each of the countries we are exploring.  

In Fig. 2 – Fig. 8, the abscissa axis indicates the time period, which is considered for each country separately. The 
measurement interval is one day. The ordinate axis shows the scale of the depth of cross-references – the depth of the 
relationship between the series of data that are being studied. The relationship period is measured in days. The dashed 
white line limits the region of reliable 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[15-18]. 

In Fig. 2 shows the wavelet coherence values for data from Egypt. These data are for the period 14.02.2020-24.04.2020. 
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.  

                              

Figure 2 Wavelet coherence values for data from Egypt 
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In Fig. 3 shows the wavelet coherence values for data from Israel. These data are for the period 21.02.2020-24.04.2020. 
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. 

                           

 A B 

Figure 3 Wavelet coherence values for data from Israel 

In Fig. 4 shows the wavelet coherence values for data from Jordan. These data are for the period 03.03.2020-24.04.2020. 
Fig. 4a shows the relationship between total number of confirmed cases of COVID-19 and total number of recovered. 
Fig. 4b shows the relationship between total number of confirmed cases of COVID-19 and total number of deaths. 

                           

 A B 

Figure 4 Wavelet coherence values for data from Jordan 

In Fig. 5 shows the wavelet coherence values for data from Lebanon. These data are for the period 21.02.2020-
24.04.2020. Fig. 5a shows the relationship between total number of confirmed cases of COVID-19 and total number of 
recovered. Fig. 5b shows the relationship between total number of confirmed cases of COVID-19 and total number of 
deaths. 
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Figure 5 Wavelet coherence values for data from Lebanon 

In Fig. 6 shows the wavelet coherence values for data from Syria. These data are for the period 22.03.2020-24.04.2020. 
Fig. 6a shows the relationship between total number of confirmed cases of COVID-19 and total number of recovered. 
Fig. 6b shows the relationship between total number of confirmed cases of COVID-19 and total number of deaths. 

                 

 A      B 

Figure 6 Wavelet coherence values for data from Syria 

In Fig. 7 shows the wavelet coherence values for data from Turkey. These data are for the period 11.03.2020-24.04.2020. 
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. 
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  A      B 

Figure 7 Wavelet coherence values for data from Turkey 

In Fig. 8 shows the wavelet coherence values for data from Cyprus. These data are for the period 09.03.2020-24.04.2020. 
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. 

 

               

 A       B 

Figure 8 Wavelet coherence values for data from Cyprus 

In Fig. 9 shows the generalized wavelet coherence values for the data of all countries in the region that are being studied. 
These data are for the period 14.02.2020-24.04.2020. Fig. 9a shows the relationship between total number of confirmed 
cases of COVID-19 and total number of recovered. Fig. 9b shows the relationship between total number of confirmed 
cases of COVID-19 and total number of deaths. 



Asaad et al. / World Journal of Advanced Research and Reviews, 2020, 06(03), 110–120 

118 
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Figure 9 Wavelet coherence values for data of all countries in the region that are being studied 

We see that the values of the wavelet coherence estimates are different. But we can also see the same trends for different 
countries. We discuss these results in more detail. 

4. 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 [19,20]. 

First of all, we note that not all wavelet coherence estimates have high significant values over the entire time interval 
that is studied. This is what we assumed. This is especially true for data from Syria (see Fig. 6). Most likely, this is due 
to the situation in this country and the insufficient data provided. Similarly, we can speak about the values of the wavelet 
coherence estimates for the data from Lebanon (see Fig. 5). 

For other countries, the following can be said. 

For data from Egypt, we can say that the depth of the stable relationship between the total number of confirmed cases 
of COVID-19 and the total number of recovered starts from 16-17 days (see Fig. 2). Therefore, it can be assumed that 
the expected recovery of patients with COVID-19 will be after this treatment period. At the same time, the depth of the 
stable relationship between the total number of confirmed cases of COVID-19 and the total number of deaths for data 
from Egypt has different meanings. This can be interpreted as either a late call for help, or the complexity of the course 
of the disease COVID-19. However, it can also be said that there are periods when a significant and stable cross-reference 
depth in terms of the possible death of patients with COVID-19 is 16 days. 

Ambiguous results are from Israel (see Fig. 3). Given the level of medicine in Israel, we see that the depth of the 
relationship between total number of confirmed cases of COVID-19 and total number of recovered is fragmented. At the 
same time, the stability of such a relationship is observed between 12-16 days of the course of the disease. At the same 
time, the depth of the relationship between the total number of confirmed cases of COVID-19 and the total number of 
deaths for data from Israel is small (up to 8 days). This can be interpreted as the fact that death from COVID-19 occurs 
in especially severe cases that are difficult to treat. 

For data from Jordan (see Fig. 4), the relationship between total number of confirmed cases of COVID-19 and total 
number of recovered is most significant at the beginning of the study time period. However, for later periods, this 
relationship is less significant. The explanation for this may be either a lack of data or the initial stage of the development 
of the COVID-19 epidemic. Similar findings apply to the relationship between total number of confirmed cases of COVID-
19 and total number of deaths for data from Jordan. But here it is also necessary to consider the insignificant total 
number of deaths. In this case, deaths are characteristic after 4 or 8 days of illness. 
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For data from Turkey (see Fig. 7), the stability and significance of the relationship between the total number of 
confirmed cases of COVID-19 and the total number of recovered is characteristic of a later period from the studied time 
interval. The relationship between total number of confirmed cases of COVID-19 and total number of deaths for data 
from Turkey is significant and stable at the beginning and end of the study time period. At the beginning of the period, 
such a relationship occurs within 8 days of detecting COVID-19. At the end of the period, this relationship has a different 
time frame (from 1 to 32 days). This indicates the complexity of the COVID-19 epidemic in Turkey, the inadequacy of 
the measures that are being taken. 

For data from Cyprus (see Fig. 8), the relationship between total number of confirmed cases of COVID-19 and total 
number of recovered is most stable after 16 days of the course of the disease. At the same time, the relationship between 
total number of confirmed cases of COVID-19 and total number of deaths has the greatest stability at 15 days (at the 
beginning period, which analyzed) and from 3 to 5 days (in the middle and end period, which analyzed). However, a 
small number of deaths should also be considered. However, these deaths are most likely caused by severe 
complications or late seeking help. 

Fig. 9 gives a general idea of the development of COVID-19 in the region. These data can be interpolated in the absence 
of data for different countries or to supplement the results. In general, the data in Fig. 9 indicate the complexity of the 
course of the COVID-19 pandemic in the region (see Fig. 9b). 

The data obtained correlate with the results of other researchers. In the work of Ronco, Navalesi and Vincent it [21] was 
shown that a possible recovery (depending on the severity of the disease) by the average number of days from the onset 
of symptoms is possible after 14 days of hospitalization. At the same time, the average number of days before death can 

be minimal (depending on the length of hospitalization and the time the infection was detected) [22, 23]. 

5. Conclusion 

We analyzed statistics that describe the dynamics of the development of the COVID-19 pandemic in selected countries 
in the eastern Mediterranean region. The possibility and expediency of using wavelet methodologies for conducting the 
corresponding analysis are shown. As such a tool, wavelet coherence estimates are used. This method makes it possible 
to assess the degree of influence between the data series that are being investigated. The results are obtained that 
explain some aspects of the dynamics of the COVID-19 pandemic in individual countries of the selected region. The 
results of wavelet coherence for generalized data are also obtained. These data can be used as boundary criteria.  
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