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1. Introduction

Statistical analysis is one of the elements for conducting research and describing the relationships
between data that change over time [1] [2] [3] [4]. Such a study allows you to analyze the dynamics of
data, reveal their relationship, and identify trends in data change. Another important point is the
retrospective analysis of data trends [5]. This allows you to assess current trends, predict possible changes
in the future. Thus, statistical analysis is an effective tool for data exploration.

Among such data can but any indicator sets. In this particular interest are data which have time
dependence. It is the change over time that makes it possible to assess the dynamics of the data. This data
can be from any field of study. Of particular interest are data that describe economic dynamics [3]. This is
due to the fact that economic dynamics affects all spheres of human life.

Economic dynamics may reflect the processes that take place in different areas of economic life. The
generalization of such phenomena is the dynamics of financial processes. The display of financial
processes is the indicators of the financial market, banking, changes in currency quotes, and so on. At the
same time, one of the important indicators of financial processes is the analysis of the dynamics of the
cost of Bitcoin [6]. This is due to the fact that Bitcoin can be considered both as a means of investment,
and as a means of deposits, and as a means of accumulation. At the same time, different types of Bitcoins
can be distinguished. Then a number of questions arise that relate to the analysis of the mutual
relationships between the dynamics of different types of Bitcoins. It is these questions that are considered
in this work.

2. Materials and Methods

2.1. Brief Analysis of Related Work

There are many works devoted to the study of the Bitcoin dynamics. These works look at both Bitcoin
and its various types.

Bariviera, et al [7] examine various statistical properties of the Bitcoin market. First of all, the authors
analyze the profitability of Bitcoin for different time periods. Such an analysis is carried out in
Comparative aspect, the dynamics of different currencies. The authors also investigate the memory of the
time series that are analyzed. However, such research is carried out only for Bitcoin — the main
cryptocurrency.

The dynamics of the price process on the Bitcoin market is discussed in the article by Pichl & Kaizoji
[8]. This analysis is based on studying the dynamics of Bitcoin price volatility. To do this, the authors use
standard statistical and technical analysis procedures. In such a study, only the dynamics of Bitcoin prices
are analyzed.

The dependence of the dynamics of prices for Bitcoin on demand and supply is considered in the work
of the Luis et al. [9]. For this, the classical demand model is used, which is based on various statistical
estimates. The authors consider a regression analysis model and an error correction model. In this form,
the authors investigate the long-term and short-term relationships between the variables from the
statistical analysis — sales volumes, demand volumes, supply volumes, Bitcoin cost. This allows you to
analyze the dynamics of Bitcoin prices for different time periods. But this does not take into account the
dynamics of prices for other types of cryptocurrencies.

In his research, Kristoufek conducts a comparative analysis of the two Bitcoin markets — against the
US dollar and the Chinese Yuan [10]. For this analysis, the author uses an efficiency index. The
performance index indicators are based on fractal dimension analysis and entropy analysis. This allows
for a detailed analysis of Bitcoin price dynamics.

Osterrieder & Lorenz [11] analyze the levels of profitability of different types of Bitcoins. At the same
time, the authors compare the yield of Bitcoins with the traditional exchange rates of the G10 currencies
in relation to the dollar. For such an analysis, classical methods of statistical analysis are used, which
allow one to study the distributions of such dynamics of profitability and their heavy tails. This allows
you to better explore the properties of Bitcoin volatility and assess their dynamics.

In the work of the Grigoriev et al [12], a statistical analysis of price dynamics for various
cryptocurrencies is carried out. In a comparative aspect, the authors investigate the dynamics of prices for
various types of cryptocurrencies. At the same time, special attention is paid to the capitalization of such
assets. This capitalization is valued in US dollars, which simplifies the analysis.

A brief analysis on the research topic shows that cryptocurrency price dynamics are used for the
appropriate analysis. In this case, for such an analysis, various statistical methods are used. At the same
time, one of the most promising methods is analysis based on the approaches of chaos theory and analysis
of self-similar series. The approach based on the ideology of wavelets and which correlates with the
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approach based on the calculation of the Hurst exponent can be considered just as promising. It should
also be noted that the ideology of wavelets is widely used to analyze data that is presented as a time series
[5T116][13] [14]. Among the key approaches ideology of wavelets, one should single out the methodology
of wavelet coherence.

2.2. Wavelet Coherence as an Analysis Tool

Wavelet coherence refers to methods that are based on the ideology of wavelets. Wavelet — can be written
as a specialized function that allows you to highlight changes in time series data. The multiplicative
combination of the time series and the wavelet function allows you to select the critical points of the time
series that is being investigated. This can be done because the wavelet is a function rapidly decreasing at
infinity, the average value of which is zero. Then, at the point where the values of the time series change,
the fractal transitions are characterized by the finite value of the derivative. As a result, this allows you to
highlight the areas of change in values for the time series.

If we have two time series, then we use wavelet coherence. Wavelet coherence is analogous to
multiple correlations over time. Then we can estimate the level of dependence between the data in both
the time and frequency planes.

To implement wavelet coherence, the concept of cross wavelet spectra is used. Suppose we have two
series of data f1(t) and f2(t) then we can determine the wavelet coherence [5], [6], [15], [16]:

66 Wripaa,b))|

R?(a,b) = - SR 5 (1)
G(a |Wf1 (a,b)| )G(a |Wf2 (a,b)| )
where:
W(a,b) values of cross wavelet spectra
a determines the size of the wavelet and is called the scale,
b specifies the temporal localization of the wavelet and is called a shift (the abscissa is the

wavelet shifts (time axis — t ), the ordinate is the scale; abscissa is the variable that displays
the data number in the series under investigation and ordinate is the variable that displays
the depth of cross-links for a time series);

G is a smoothing operator;

Rz(a,b) the squared wavelet coherency coefficient. 0< Rz(a,b)Sl. If these values tend to zero,
then we have a weak correlation. Otherwise, we have a strong correlation [5] [15].

As a result, we get some dependence in the two-dimensional plane. The abscissa shows changes in

wavelet coherence Rz(a,b) values over time. The ordinate shows changes in the wavelet coherence
values, which take into account the depths of cross-references between time series f1(t) and f2(t). Such
a graph also has a color grading that displays the level of wavelet coherence values.

2.3. Cryptocurrency Types as Data for Analysis
There are several types cryptocurrency, which generally are a variety of digital currency. Among the
varieties of cryptocurrency, there are: Bitcoin, Altcoins and Tokens [17] [18]. Bitcoin is the first, basic
cryptocurrency. Altcoins are new types of cryptocurrency that appeared after Bitcoin. Tokens are a
derivative of cryptocurrencies. Tokens are a unit of account that is designed to represent the digital
balance in a certain cryptocurrency asset [18] [19].

Below is the dynamics of some cryptocurrencies that we will use for analysis in this work. This
selection is based on the market cap metric. We have selected the first four cryptocurrencies that have the
largest market cap as of 03.08.21.

Among these cryptocurrencies, the following are selected: Bitcoin, Ethereum (a kind of Altcoins),
Tether (a kind of Tokens) and Binance Coin (a kind of Tokens). For the analysis, we have chosen the
period from 01.01.21 to 03.08.21. In this case, the choice of the period is not critical. It is important for us
to show the possibility of using wavelet coherence for the corresponding analysis. All data from
investing.com.
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In Figure 1 shows the dynamics of cryptocurrencies that we have chosen for analysis.
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Figure 1. Dynamics of Prices for Some Cryptocurrencies
We see that the dynamics of prices for cryptocurrencies is different. Therefore, we will analyze how
such dynamics relate to each other (for each pair of cryptocurrencies).

3. Results and Discussion
Figure 2 - Figure 7 shows the dynamics of the wavelet coherence values for each pair of cryptocurrencies.
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Figure 2. Wavelet Coherence between Data that Describe the Price Dynamics of Bitcoin and Ethereum
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Figure 3. Wavelet Coherence between Data that Describe the Price Dynamics of Bitcoin and Tether
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Figure 4. Wavelet Coherence between Data that Describe
the Price Dynamics of Bitcoin and Binance Coin

In Figure 2 till Figure 7, we see the display of the wavelet coherence values in color. The significance
of such a color scheme is presented in the form of a column, which is located to the right of the main
graph. Figure 2 — Figure 4 also shows the region of the most reliable values of the wavelet coherence,
which is limited by a dotted line in the form of a parabola.

We can observe some correlation between the data that describe the price dynamics of Bitcoin and
Ethereum, Tether, Binance Coin, respectively (Figure 2, Figure 3 and Figure 4). The greatest consistency
between the respective data series is observed for Bitcoin and Ethereum, Bitcoin and Binance Coin. Here
we see consistency, both in the short term and long term. This can be explained by the fact that Bitcoin is
the underlying cryptocurrency, and Binance Coin is a token that is meant for balance. The consistency
between Bitcoin and Ethereum is explained by the fact that these are two types of major cryptocurrencies
that have approximately the same trends in the development of their price dynamics (see Figure 1). This
primarily applies to periods of growth and fall in prices for cryptocurrencies.

At the same time, the consistency between Bitcoin and Tether is significantly less. This suggests that
Tether is a poor instrument for balancing digital assets over the time frame under consideration.

Figure 5 and Figure 6 shows the wavelet coherence values between Ethereum and Tether, Ethereum
and Binance Coin.
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Figure 5. Wavelet Coherence between Data that Describe the Price Dynamics of Ethereum and Tether
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Figure 6. Wavelet Coherence between Data that Describe
the Price Dynamics of Ethereum and Binance Coin

Figure 7 shows the wavelet coherence values between Tether and Binance Coin.
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Figure 7. Wavelet Coherence between Data that Describe
the Price Dynamics of Tether and Binance Coin
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The data in Figure 5 till Figure 7 inherits the data in Figure 2, Figure 3 and Figure 4 but is less
pronounced. This is because, that Bitcoin is the underlying cryptocurrency, unlike Ethereum.
Nevertheless, the data in Figure 2 - Figure 7 do not contradict each other. Therefore, the wavelet analysis
methodology can be used to study the joint price dynamics of various types of cryptocurrencies.

We can see that the consistency between Tether and Binance Coin is negligible (especially in the
short term). This is due to the fact that these cryptocurrencies are used for different types of settlements
and are differently backed by real currency [20]. However, over the long term, we are seeing consistency
between Tether and Binance Coin. This is due to the nature of these cryptocurrencies, and also confirms
the feasibility of using wavelet coherence for conducting relevant research.

At the same time, it should be noted that the considered relationships are confirmed by the studies of
other authors. The work of Alexander et al [21] notes the importance of the relationship between Bitcoin
and Binance Coin. At the same time, Wei emphasizes the connection between Bitcoin and Tether,
pointing out the presence of a time lag in such a connection [22]. In our study, this manifests itself in
longer-term consistency between the data. Therefore, the results presented above are reliable, and the
research methods are appropriate for the appropriate analysis.

4. Conclusion

Modern trends in the development of the cryptocurrency market necessitate a deeper consideration of its
development. For this, it is advisable to apply various methods of analysis and research. Based on this, we
considered the possibility of applying the theory of wavelet analysis to analyze the dynamics of prices for
cryptocurrencies. For this, we used the wavelet coherence methodology. We looked at various pairs of
cryptocurrencies. The results obtained are consistent with theoretical conclusions about the dynamics of
cryptocurrency prices. These data are also confirmed by the studies of other authors. The work presents
real data and the results of their processing. This allows you to make informed decisions, choose the
necessary strategies for the cryptocurrency market.
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