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Abstract: The blockchain technology and cryptocurrency are now in the centre of the financial
market. The raise of the cryptocurrencies represented by Bitcoin have attracted a large group
of scholars to analyze the underlying dynamics of their price fluctuations. Intensive debate
emerged on the intrinsic features of Bitcoin. In theoretical analysis, we developed the principle
of monetary convention to define the concept of monetary consensus, capturing the nature of
monetary system, and categorize it into three types: traditional, algorithm and hybrid. Based on
the Wavelet Coherence Analysis, we try to analyze Bitcoin price dynamics in both time and
frequency domains, comparing Bitcoin with financial assets, economic and financial indexes,
and other cryptocurrencies.

Keywords: cryptocurrency, price dynamics, wavelet coherence

1 Introduction

Digital currency and digitization of currency are two intertwined but different concepts.
The former is a form of money, while the latter is a trend of money development with the
development of modern computer technology and the evolution of financial innovation. In such
sense, digital currency is not only the carrier of currency digitization, but also the result of
currency digitization. We are no stranger to traditional currency digitization and digital currency
(or electronic currency, EC). In daily life, transactions and transfers using digital currency are
carried out all the time. Different from the traditional currency digitization based on the central
bank-commercial bank account system (When studying the modern payment system, we also
need to include the third-party payment institutions. However, this change is still a limited
expansion of the traditional central bank commercial banking system. Both central banks,
commercial banks and third-party payment institutions use centralized methods to support
customer transactions. This is essentially different from the decentralized monetary system
represented by digital cryptocurrency.), cryptocurrencies represented by Bitcoin is committed
to establishing a decentralized and super sovereign currency system based on blockchain
technology and consensus principle, aiming to achieve safe and convenient P2P payment.
Transactions are completed through smart contracts, and the ledger information of transactions
is saved in the blockchain without being stored in a central institution (such as the current
commercial bank database and third-party payment database). The customer’s personal and
transactional information are effectively isolated, so the protection of user’s personal information
is realized while solving the double-spending problem. In such a cryptocurrency system, the
main body of currency issuance will no longer be the banking system dominated by the central
bank, and the support of national credit is no longer needed behind currency issuance. This
subversive concept of tradition has aroused fierce discussion from the beginning.

In the past few years, the expansion of cryptocurrencies represented by Bitcoin has exceeded
most people’s expectations. Bitcoin has quickly become a priority research object for market
participants and research institutions. Moreover, with the rapid growth of Bitcoin price, more
and more investors began to pay attention to and participate in Bitcoin investment. The
popularity of Bitcoin as a search keyword in search engines increased sharply, and the breadth
and depth of cryptocurrency expanded explosively in a very short time. Facebook’s Libra white
paper focused people’s attention on digital cryptocurrency to a higher level. Major monetary
authorities and central banks regard it as a core research topic. The US Federal Reserve, the
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European Central Bank, the people’s Bank of China and other institutions have all paid close
attention to cryptocurrencies.

Reviewing the history and prices of cryptocurrencies represented by Bitcoin is of great
significance for understanding the specific attributes of cryptocurrency. The aim of this research
is to identify the role of cryptocurrencies represented by Bitcoin in the economic system and the
financial market and to find the factors determine the price volatility of Bitcoin. By comparing
the dynamic characteristics of the price change of cryptocurrency with that of other traditional
assets (such as gold, oil, stocks, bonds, efc.), we can more accurately answer the question
whether Bitcoin is a safe haven asset, digital gold, or a speculative tool. At the same time, we
also investigated the dynamic correlation between Bitcoin and monetary indicators, which can
help us understand the monetary attribute of Bitcoin and its relationship with real economic
activities. Therefore, this study has strong theoretical and practical significance, and it is also
the frontier of research in the field of monetary finance. The main content of this paper is
divided into six parts: after the introduction, the theoretical analysis is discussed in part 2. The
background and existing research of Bitcoin price is summarized in part 3. The fourth part
introduces the models in details; The description of the data samples used in this study is placed
in part 5, which also includes the results of empirical analysis; The final part concludes the
article.

2 Theoretical approach to money and cryptocurrency

With the continuous updating of payment technology, a large number of transactions today
are completed by electronic payment (EP) system, especially in the fields of business activities,
large amount payment and e-shopping. The use frequency and transaction amount of physical
currency, including coins and notes, are decreasing day by day. In this sense, modern society
has actually entered the era of electronic currency. However, e-money in the field of modern
payment is still based on the traditional bank account framework: the central bank (monetary
authority), as the only legal tender issuer in an economy, issues base currency to deposit financial
institutions, which then use it to generate derivative currency. Different from the precious metal
backed currency, modern currency itself has little value. Behind it is the national sovereign
credit, so it is called fiat money. In most cases, the main composition of deposit financial
institutions is commercial banks, and the issuance, derivation and flow of money are based
on the bank account system. Therefore, this modern social credit money generation system is
often called the “central bank-commercial bank account system”. At this stage, digital money
and electronic money are just the carriers of credit money, which does not change the original
modern money payment framework with the central bank-commercial bank account system as
the core. However, the raise of cryptocurrency has fundamentally broken through this original
framework.

2.1 System entropy decrease, information entropy increase and
monetary consensus

From a deeper perspective, regardless of traditional currency or cryptocurrency, the reason
why currency becomes currency depends on the broad belief of the public. Friedman and
Schwartz (1963) [1] called it “Convention”. As Friedman (1992) [2] pointed out, the emergence,
existence and evolution of money are rooted in this convention: the reason why people hold
and use money for transactions is not because the substance as the currency carrier itself has
value, but because they unanimously believe that the currency will also be accepted by others
(Friedman (1992) [2] pointed out when discussing why US dollar notes can become a widely
accepted trading intermediary:” ... private persons accept these pieces of paper because they
are confident that others will. The pieces of green paper have value because everybody thinks
they have value. Everybody thinks they have value because in everybody’s experience they have
had value — as is equally true for the stone money ... The United States could barely operate
without a common and widely accepted medium of exchange (or at most a small number of
such media); yet the existence of a common and widely accepted medium of exchange rests
on a convention: our whole monetary system owes its existence to the mutual acceptance of
what, from one point of view, is no more than a fiction.” (P.18)). The process of the emergence
and development of money is the process of establishing this “Convention” from scratch, from
chaos to order in the economic system. In thermodynamics, the concept of entropy is used to
measure the degree of chaos within a system: the larger (smaller) the entropy, the higher (lower)
the degree of chaos of the system. It is easy to see that the process of realizing the monetary
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“Convention” in the economic system is equivalent to the process of entropy reduction of the
system.

Further thinking, modern monetary theory holds that the essence of money is bookkeeping of
transaction. Through the study of substitution effect, Kocherlakota (1996) [3] directly pointed
out that money is the record of information (Kocherlakota (1996) clearly pointed out in the
article "'money is memory’ that “The main proposition is that any allocation that is feasible in an
environment with money is also feasible in the same environment with memory.” (P. 1) [3]).
Just as Friedman (1992) [2] described stone money in Caroline Islands, transactions using
money do not need to change the physical location of money, but only affect the bookkeeping of
related parties. In modern economy, behind every transaction is the ledger recorded in currency.
Therefore, the concept of information entropy can be used to investigate the evolution of money.
According to the definition of Shannon (1948) [4], the fundamental function and value of
information is to eliminate the uncertainty of people’s cognition of things, and information
entropy is to measure the amount of information needed to eliminate such uncertainty.

Suppose an information source has n possible states x;, ¢ = 1- - - n, the probability of each
state is p(x; ), the information entropy of the corresponding information source is

H(X) := = p(xi)log,p (x:)

=1

Generally, b = 2 is selected so that the unit of information entropy H (x) is byte. It is easy to
see that the more chaotic a system is and the more information sources it contains, the higher the
corresponding information entropy, which means that more information needs to be generated
and saved to eliminate uncertainty to establish a “Convention”. With the continuous occurrence
of new transactions in the economic system, the information entropy of the system tends to
increase. Accordingly, the information entropy needed to eliminate uncertainty and establish
the “Convention” will continue to grow. According to the second law of thermodynamics, the
entropy reduction process from disorder to order, that is, the process of meeting the continuously
increasing information entropy, can only be realized by continuously doing work to the system.

In this article, we define this monetary “convention” as a new concept “monetary consensus’.
Further, according to the different mechanism and preconditions, we divide such monetary
consensus into three categories: (1) Traditional monetary consensus; (2) Algorithm monetary
consensus; (3) Hybrid monetary consensus. The current EC/EP system corresponds to the first
type of monetary consensus, which is built on the basis of the central bank-commercial bank
account system, financial infrastructure and taxation, laws and regulations, as shown in the left
half of Figure 1. In order to realize this monetary consensus, the process of entropy reduction
is the process of establishing and operating the grand financial system; The second type of
currency consensus is the core foundation of the cryptocurrency (pure DC system) not issued
by central bank. The mechanism to ensure the correctness of the ledger information recorded
by the currency and the related system is no longer a centralized bookkeeping system, but an
algorithm to automatically update the distributed bookkeeping system, as shown in the right
half of Figure 1. The more transactions using cryptocurrency, the greater the total information
entropy within the system. The work process required by the second law of thermodynamics to
achieve consensus corresponds to the computational resources invested in running the algorithm
(In the particular case of Bitcoin, such computational activity is called “mining”.); The third type
of currency consensus is the combination of the above two consensus. The digital legal currency
issued by the central bank (Central Bank Digital Currency, CBDC) is an example of this mixed
currency consensus, that is, DC/EP system: keep the original central bank commercial bank
account system and related financial infrastructure at the EP end, and the DC side still follows
the system and regulations of the central bank as the issuer of legal currency, and at the same
time uses certain technology advantages of cryptocurrency, for example the distributed ledger
technology (DLT).

Reviewing the history of money, the form of currency has experienced great changes, from
clay (appeared around the 17th century BC), stone, shell and metal to the current paper money
and electronic currency. As predicted by Friedman (1992) [2], digital currency will become the
future of currency evolution (Friedman (1992) [2] pointed out when reviewing the development
of money : “The ‘something’ that connects the two transactions is called money, and it has
taken innumerable physical forms—from stones to feathers to tobacco to shells to copper, silver,
and gold to pieces of paper and entries in ledger books. Who knows what will be the future
incarnations of money? Computer bytes?”(P. 9)). At present, we are in a critical period from
EC/EP to DC/EP, and we need to conduct more in-depth research on digital currency.
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Figure 1 Currency consensus EC / EP system based on traditional financial system (left figure)
and algorithm-based currency consensus distributed DC system (right figure) (Source: Own
Construction)
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2.2 Pros and cons of cryptocurrencies

Intensive debate has been occurred ever since the raise of cryptocurrencies as they are in
sharp deviation to the fundamentals of modem monetary system. In the cryptocurrency system,
central banks are no longer the issuer of money. Rather, private entities play active roles in
providing cryptocurrencies to facilitate transactions. According to statistics, there are more
than 7,800 cryptocurrencies in circulation today. The liquidity, accessibility, and thus the
popularity are supported by active exchanges, in which new coins are issued and existing coins
are traded, providing supply and liquidity for cryptocurrencies. In 2021, there are over 12,000
cryptocurrency exchanges (including listed and over-the-counter markets) around the world and
cryptocurrencies can be used as the medium of payment in more than 100 countries.

The advocators of cryptocurrencies insist that the intrinsic nature of cryptocurrency assures
the stable, or at least predictable, growth of supply [5] and thus contain the high level of
inflation pressure incurred by loose monetary policy which is a “common” phenomenon in
modern fiat money system after the 2008 global finance crisis. In addition, the distributed
ledger technology provides a strong peer-to-peer payment mechanism that is able to work
without a centralized authority and related data centers to maintain and manage huge amount of
transaction data [6]. Such mechanism keeps cryptocurrencies from large scale data leakages
frequently happened in the past and protect the privacy of the participants of the transaction as
it is designed to be anonymous [7]. The blockchain technology also benefits the economy by
lowering the cost of transactions, especially considering cross-border transactions. Empirical
evidence indicates that Bitcoin lowers the transaction cost in retail foreign exchange market [8].
As summarized by the Bank of England (See the full report), distributed ledger technology
that underpins cryptocurrencies “has the potential to enhance system resilience; improve the
efficiency of end-to-end settlement processes and reporting, auditing and oversight; and enable
greater automation.” (p. 21) The rapid growth of cryptocurrency market reflects the evolution of
cryptocurrency and the increasing involvement in financial market [9].

Many institutes and researchers hold concerns and even critiques on cryptocurrency, due to
its designed structure, technological details and market implications. The anonymous feature
of cryptocurrency give rise to severe regulatory issues, best represented by fraud and money
laundering. Cryptocurrency market is now one of the largest unregulated markets in the world.
According to Foley et al. (2019) [10], approximately one-quarter of Bitcoin users are involved
in illegal activity. In sum, it is estimated that around 76 billion USD illegal activities per
year (roughly 46% of Bitcoin transactions) are conducted using Bitcoin. The feasibility of
cryptocurrencies as the medium of payment is also challenged because of the extremely high
level of price volatility [11] and considerably low capacity of processing transactions (Technical
reports indicate that the maximum process capacity of DLT-based Bitcoin can hardly reach
10,000 transactions per second, while current payment systems, such as Alibaba and Visa,
can handle up to 600,000 transactions per second) [6, 12]. In a report (See the full report
at https://www.bis.org/press/p201009.htm), jointly released by 7 major central banks and the
Bank of International Settlement (BIS), cryptocurrencies are considered as one of the major
potential threats to a coherent and well-regulated global financial system, undermining the
fundamentals of domestic and international monetary system. In general, as stated by the Bank
of England, “There is limited evidence of current generation of cryptoassets delivering benefits,
but ... benefits may arise in the future.” (p. 3)
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2.3 Research hypotheses

Based on theoretical analysis of the nature, technical features, and market implications of
cryptocurrency, 5 hypotheses can be drawn in this research. In the first place, the acceptance of
cryptocurrency as the medium of payment relies heavily on the consensus among individuals.
Therefore, a positive connection between Bitcoin price and public awareness is expected. In
addition, such correlation can amplify the volatility of Bitcoin price in a positive feedback
circle. Such loop pushes up Bitcoin price, attracting more participants to cryptocurrency market,
pursing capital appreciation rather than pure payment purpose. In this sense, Bitcoin has become
an investment/speculative asset. Thus, a positive correlation between Bitcoin price with stock
and bond market indices is expected. Second, as cryptocurrency develops and becomes more
widely used, it tends to demonstrate positive correlation with traditional monetary and economic
indices. More specifically, the more transactions used Bitcoin as payment, the higher level
of connection between Bitcoin price with monetary indices, such as MO, M1, or M2. Third,
due to the limited supply of Bitcoin and the technical mechanism of mining, the blockchain
fundamentals of Bitcoin network, such as mining difficulty, hash value and transactions per
minute, are expected to move in the same direction with Bitcoin price. Fourth, price beyond
the level determined by fundamental drivers, the “fair value” of Bitcoin, can be considered
as the speculative bubble, “mispricing” of Bitcoin, as shown in the work of Jia (2019) [11].
It is hypothesized that Bitcoin at current stage is more of a speculative asset rather than safe
haven investments. Thus, the connection between the price of Bitcoin and of Gold is weak or
even negative. Finally, certain major events may lead to the changes of Bitcoin prices, such
as implementation of cryptocurrency in an economy and a revolutionary reform causes highly
unstable domestic currency. These events encourage more users substitute domestic currency
with cryptocurrency, thus pushing up Bitcoin price.

3 Dynamics of Bitcoin price

Although the concept of cryptocurrency can be traced back to a long time ago, it is generally
believed that Nakamoto (2008) [13] is the first article to completely describe the architecture
and practical methods of cryptocurrency. In this article, the author puts forward the theoretical
basis, mathematical expression and implementation of Bitcoin. Based on the theory and method
constructed by Nakamoto (2008) [13], Bitcoin was officially launched in January 2009. In the
first year of online operation, the use of Bitcoin was limited to a small number of enthusiasts
and had no substantive impact on the market. Until 2010, the first Bitcoin trading platforms
and exchanges represented by Bitcoinmarket.com and MtGox (As once the most influential
Bitcoin exchange, MtGox was officially registered and closed in February 2014. See Decker
and Wattenhofer (2014) [14] and Ingram (2015) [15] for discussion and Research on the reasons
for the closure of MtGox and the development of Bitcoin.) were established. The emergence of
a large number of online trading platforms and exchanges (For the evolution of the exchange
during the development of Bitcoin, interested readers can see https://thebitcoinnews.com/bitcoin-
history-part-6-the-first-bitcoin-exchange/.) has greatly expanded the trading convenience and
liquidity of Bitcoin, attracted more institutions and individuals to join the Bitcoin system, and
brought more resources and services. After such a positive cycle, the Bitcoin system continues
to expand. As summarized by Kondor et al. (2014) [16], the cryptocurrency system represented
by Bitcoin is an evolving network. With the increase of included nodes, the scale, convenience
and influence of the network system will accelerate to enlarge, so as to absorb more nodes
and resources into the system and realize positive feedback amplification. With the continuous
development of Bitcoin, its price trend has also experienced great fluctuations (as shown in
Figure 2), which has also attracted a large number of researchers to analyze the mechanism of
Bitcoin price fluctuation.

Bouoiyour and Selmi (2017) [17] studied the main determinants of Bitcoin price using
Bayesian quantile regression. The results show that hash value, geopolitical factors, macroe-
conomic indicators and important events are the fundamental factors that determine the price
fluctuation of Bitcoin. Ciaian, Rajcaniova and Kancs (2014) [18] pointed out that the attraction
of Bitcoin to investors is the main driving force of Bitcoin price. Vacha and Barunik (2012) [19]
used wavelet correlation model to study the price fluctuation characteristics of energy commod-
ity market, which is an earlier attempt using wavelet analysis method to analyze the price of
investment assets. Based on similar methodology, Kristoufek and Scalas (2014) [20] analyzed
the driving factors of Bitcoin price fluctuation.

Another perspective to explore the dynamics of cryptocurrency price is transparency. For
financial investments, information transparency determines the quality of the underlying assets
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Figure 2 Bitcoin price index (USD, 20130102-20190708; Source: Bitcoinity)

and thus the intrinsic value. As shown in the work conducted by Wang et al. (2017) [21], firm
value is improved by higher level of information transparency when property rights protection
is in place. In the context of international trading, domestic earning transparency plays the key
role in the formation of listed firm’s fair value [22]. Considering the taxation and accounting
standards in different regions, Ding et al. (2007) also conclude that earnings transparency
is positively correlated with the fair value of listed firms. Cryptocurrencies and Bitcoin in
particular can be traded around the world in various of markets and exchanges. In such sense,
they are similar to listed firms. Therefore, the fair value of cryptocurrency is expected to be
correlated with domestic transparency. It is a promising perspective to understand the fair value
and mispricing of cryptocurrencies.

These works have achieved rich theoretical and practical results, which provides valuable
inspiration and experience for this paper. On this basis, the wavelet correlation model is selected
to study the time-domain and frequency-domain correlation between time series. The model
of this type can accurately describe the degree of correlation, leading and lagging properties
between original time-domain signals. This study also expands the scope of the original research,
and introduces hedging assets, such as gold, and relevant indicators representing the international
economic and political situation, such as oil price and market volatility index VIX, into the
wavelet correlation analysis. In addition, we also study the relationship and difference between
Bitcoin and several other major cryptocurrencies.

4 Methodology and empirical model
4.1 Wavelets model

Spectrum analysis is an effective methodology for accurate analysis of complex signals. It is
widely used in electronic signal processing, electronic engineering, optics, analytical chemistry,
acoustics, medicine and many other fields. In economic analysis and financial research, because
the fluctuation of time series can be regarded as the result of the joint action of many factors
(i.e. wavelet analysis of different spectrum), more and more researchers are committed to using
wavelet analysis model in spectrum analysis to study the dynamic characteristics and mechanism
of economic and financial indicators. Gallegati, Ramsey and Semmler (2011) [23] used wavelet
analysis model to study the U.S. labor market, which confirmed the existence of Phillips curve.
Aguiarconraria and Soares (2011) [24] used wavelet analysis model to study the fluctuation of
European economic cycle.

The basis of wavelet analysis is Fourier transform, as shown in Equation (1): the original
time domain signal x(¢)is transformed into frequency domain signal X ( f) by Fourier transform.
This is a reversible transformation. As shown in Equation (2), the inverse Fourier transform
converts the frequency domain signal into the time domain signal. In this way, the original signal
can be switched between time domain and frequency domain. However, Fourier analysis cannot
give the time domain and frequency domain information of the signal at the same time. Wavelet
analysis model is developed to fill this gap, so that researchers can obtain both time-domain and
frequency-domain information of the original time series signal at the same time.

X(f) = / T at) e (1)
x(t) = /OO X(f)-e*™Itaf )
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As shown in Equation (3), the wavelet analysis model converts the original time series signal
z(t)into a function of time (7, the position of the original signal on the time axis) and frequency
(8)- £ (7, s) (Here s is the reciprocal of the frequency, that is, s = scale = 1 / F.). Here, function
 is the wavelet function, which meets the square integrability condition f:: cp(t)zdt < 00,
and " is the conjugate of this function. Because all wavelets are derived from functions ¢, it
is often cited as the generating function. As can be seen from Equation (3), function ¥Z (7, s)
gives the similarity between the original signal at time Tand the wavelet (pwith frequency of
1/s. By constantly changing the time value 7and s, the information of the original signal in the
whole time period and the whole frequency period can be obtained.

\Pi(ns):ﬁ/:)w(t)w* (tj) dt 3)

As shown by Addison (2002) [25], there are many choices of wavelet functions paccording
to different research objects and research purposes, as long as the Admissibility Condition,

fooo Mdf < 00, is satisfied. In economic analysis, analytical Morlet wavelet is widely
selected. Its definition is as follows:
1 W, —t?
<pM(t):7r1/4e ote=t?/2 ()

In this equation, parameter wo represents the center frequency of wavelet. Accoding to Vacha
and Barunik (2012) [19], we set wo = 6. By substituting Equation (4) into Equation (3), the
time-domain and frequency-domain functions of the original time series x(t), \IlfM (7,s), can
be written using Continuous Wavelet Transform (Equation (5)):

M 1 e 1 o t=r _(t=1y2
Uy (r,s) = 7/ x(t) - w0 S e ) 2y ©)
T o™

So far, a group of time series is transformed into signals containing both time-domain and
frequency-domain information through continuous wavelet transform. Due to the generating
wave function ™ is a function in the complex field, so the amplitude and phase information
can be obtained by studying the real part and imaginary part. In next section, we will use this
property to study the correlation of two groups of time series signals after continuous wavelet
transform.

4.2 Wavelet coherence model

Based on the wavelet model, we further construct the wavelet coherence model, and then
calculate the wavelet coherence. Referring to the research of Vacha and Barunik (2012) [19]
and Kristoufek and Scalas (2014) [20], the cross wavelet transform should be constructed first.
Cross wavelet transform wgy (7, s)corresponding to two continuous wavelet transformed time
series signals x(t)andy(t) is

Way (T,8) = wa (T, 8)wy (T, 8) (6)

Equation (6) indicates that the modulus of Cross Wavelet Transform |wzy (7, $) | captures
the degree of coherence of two time series signals at each frequency s and time 7. Referring to
the method used by Torrence and Webster (1999), the wavelet correlation coefficient is defined
as

IS (Lws(r,8)wi(7,9))|?
S (3 lws (7, 8)[*) S (5 lwy (1, 9)I%)
In Equation (7), is the smoothing operator. This equation defines the square of the correlation
value of two original time series in time domain and frequency domain, with the condition of
0< wa (1,s) < 1. As described in the previous section, when the generating function in the
complex domain is used for continuous wavelet transform, the phase difference between the two
signals can be studied by analyzing the real and imaginary parts of the signal v},, (Equation

(®)):
Im{S (Lw, TS
Vpy = tan™" { (f v(7:3)} (8)
Re {S ($way(7,9))}

The functions Re{-}and I'm{:}return the real part and imaginary part of the corresponding
value, respectively. In empirical analysis, the phase difference is represented by an arrow. When
the arrow points to the right (left), it indicates that the two groups of signals are positively
correlated (negatively correlated) in this area; When the arrow is up (down), it indicates that the
first group of signals leads (lags) the second group of signals in this area.

R, (1,8) = ©)
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S Data and empirical analysis

5.1 Data

To carry out empirical analysis, we need sufficient data samples. In order to study the
dynamic characteristics of Bitcoin price fluctuations, especially compared with other assets, we
collected six groups of data information sets:

1) Bitcoin specific data, including price, bid ask spread, price volatility, trading volume, hash
rate, mining difficulty, trading volume per minute, etc;

2) Typical asset prices, including gold, oil, stock market index and bond yield;

3) Variables characterizing economic situation and market environment: dollar index and
market volatility index (VIX);

4) Traditional monetary statistics, the year-on-year growth rates of US dollar MO, M1, and
M2 are used in this article;

5) Public attention to Bitcoin, mainly includes the changes in the popularity in Google search
using keyword “Bitcoin” in a certain region;

6) Time series of price of other digital cryptocurrencies. Considering the data availability
and market influence, this article includes Ripple (XRP), Ethereum (ETH), Stella (STE) and
Litecoin (LITE) with Bitcoin to study the similarities and differences of the price trajectory of
cryptocurrencies.

The first group of indicators capture the unique endogenous attributes of Bitcoin. Bitcoin
index comes from Bitcointy (https://data.bitcoinity.org/). Comprehensive index based on the
prices of Bit-x, Bitbay, Bitfinex, Bitstamp, cex.io, CoinBase, exmo, Gemini, itbit, Kraken and
other platforms; Similarly, the bid ask spread and price volatility are calculated by calculating the
average value of the corresponding data in the above exchanges; The trading volume is obtained
by summing up the trading volumes of all above exchanges; Bitcointy gives the hash value
information of antpool, btc.top, BTCC pool, bitclub network, bitfury, bitminter, bitcoin.com,
f2pool, Kano ckpool, slushpool, solo ckpool, viabtc and other platforms. Based on this, we get
the comprehensive aggregate hash value; Bitcointy also provides daily data on the difficulty of
Bitcoin mining.

The asset price index in the second group, market volatility index and US dollar index in the
third group can be obtained through public data sources. In this article, we use Yahoo Finance
and CEIC database. Among them, the gold price is the London Bullion Market Association
gold price (AM), and oil price the West Texas Intermediate Cushing crude oil spot price. In this
paper, the CBOT volatility index (VIX) is used to characterize the market volatility index. The
larger (smaller) the VIX value, the stronger (weaker) the investor’s expectation of future market
volatility, and the greater (smaller) the market panic.

Bitcoin is designed to function as a currency to facilitate various transactions. Does it already
have such a function or potential? A good tool is to measure its dynamic relationship with
traditional currencies. In this paper, we use the M1 growth rate of US dollar to represent the
traditional currency, and the data source is CEIC database. At the same time, since M1 is highly
correlated with the activity of real economic activities, observing the growth rate of Bitcoin
and M1 can also measure the dynamic relationship between Bitcoin price and macroeconomic
activities from the monetary level.

In order to measure the public attention of Bitcoin, this study uses Google Statistical heat
index data (https://trends.google.com) of keyword “Bitcoin”. In order to more accurately
describe the regional differences and the impact of certain countries, we used the search heat
data of the world, the United States, India and Venezuela.

Finally, in order to study the dynamic relationship between the price fluctuation of Bitcoin
and other major digital cryptocurrencies, we extract the price time series of four major digital
cryptocurrencies in the market. Considering that some cryptocurrencies have been actively
traded for very short period of time, we select four cryptocurrencies: Ripple (XRP), Ethereum
(ETH), Stella (STE) and Litecoin (LITE). The data source for the daily price of these four
cryptocurrencies is coindesk (https://www.coindesk.com).

5.2 Empirical analysis

The wavelet coherence model introduced in the research method part is used to empirically
analyze the above data, and the wavelet coherence graph can be obtained. The correlation
strength of the two signals in the specified area (time is abscissa and frequency ordinate) can be
read from the wavelet correlation diagram. The higher (lower) the correlation between the two
signals in a certain area of the graph, the hotter (colder) the corresponding color. Referring to
the research of Vacha and Barunik (2012) [19], in economic field, generally only the fluctuation
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correlation within one year of the cycle is considered. Therefore, this study limits the ordinate
range to 256 days (close to the working day time in a year). The meaning of the arrow in
the wavelet correlation diagram is exactly the same as that described in the research methods
section.

The debate on Bitcoin attribute and holding motivation is the main concern of the market
and academia. On the one hand, many supporters of blockchain technology and cryptocurrency,
especially those of Bitcoin, believe that Bitcoin is digital gold (In a sense, Bitcoin and gold
do have similarities. The most important similarity is that Bitcoin and gold are limited supply
growth). in the information society (refer to Popper’s (2015) [26] research on the development
of Bitcoin), which is a new digital currency and digital asset; On the other hand, with the rapid
expansion of the cryptocurrency market represented by Bitcoin, more and more individual
and institutional investors regard it as an important investment asset and occupy an important
position in the portfolio; In addition, due to the extreme volatility of Bitcoin price in the short
term, a large number of market participants and researchers believe that Bitcoin is a speculative
asset. In order to answer a series of questions about what the attribute of Bitcoin is and why
investors hold Bitcoin, we first analyze the monetary attributes of Bitcoin.

Bitcoin is designed to facilitate payment and perform the main functions of traditional cur-
rency. In terms of payment means and transaction media functions of currency, cryptocurrency
has a substitution effect on traditional currency. The more transactions using digital currency,
the greater the impact on the currency in traditional circulation (i.e. M0). At the same time,
due to the relatively fixed supply, the price of Bitcoin tends to rise over time. From this point
of view, the price of cryptocurrency has a negative correlation with the traditional currency in
circulation. In terms of the value storage function of money, with the increase of economic
activity and social wealth, the value stored in traditional money and digital money will increase.
Therefore, there is a positive correlation between Bitcoin price and the growth rate of traditional
money (M1 and M2). The differential relationship between Bitcoin price and the growth rate
of traditional currencies at different levels can be clearly observed in Figure 3 and 4: since the
end of 2017, Bitcoin has a high negative correlation with the growth rate of US dollar MO and a
high positive correlation with the growth rate of US dollar M1, which is reflected in the wavelet
coherence graph, that is, there are large red areas in the medium and long-term frequency band.
The close correlation between the price of Bitcoin and the growth of MO and M1 also shows
that Bitcoin is rapidly entering the real economy. The substitution effect on MO is obvious. It
can also be found from Figure 4 that the relationship between Bitcoin price and US dollar M2
growth is not as obvious as MO and M1, which also shows that the replacement of traditional
currency by privately issued cryptocurrency represented by Bitcoin is still at the development
stage. Using the concept of currency consensus defined in the second part of this paper, it can be
considered that the cryptocurrency issued by the non-central bank entities is in the second type
of currency consensus, that is, the establishment stage of algorithm-based currency consensus.

BICaW

Figure 3 Coherence distribution between Bitcoin price and dollar growth at all levels
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Figure 4 Bitcoin price and USD M0, M1, M2 growth rates

The functioning of Bitcoin market is an important aspect to investigate the price fluctuation
mechanism of Bitcoin. In Figure 5, the correlation distribution between Bitcoin price index and
Bitcoin market transaction variables is depicted. Consistent with the operating mechanism and
theoretical expectation of Bitcoin, there was a high positive correlation (medium frequency to
high frequency range) between Bitcoin price and price volatility and the number of transactions,
from 2017 to 2018, which was a period of rapid growth of Bitcoin price. It can be seen that
the increase of Bitcoin price has attracted more investors to enter the Bitcoin market, further
pushing up the trading volume and price volatility. Similar to the research results of the
Bitcoin currency attribute discussed earlier, Bitcoin price is highly positively correlated with the
number of transactions carried out by Bitcoin (Figure 5, lower image). It once again shows that
the cryptocurrency has the basic function of traditional currency as a means of payment and
transaction medium, and the currency consensus of digital currency is in the formation stage.
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Figure 5 Coherence distribution of Bitcoin and its market transaction variables

To study the investment asset attribute of Bitcoin, we need to quantitatively study the dynamic
correlation between its price and other related traditional assets and indicators. In this paper,
we select three types of four typical traditional investment categories: commodity investment
represented by gold and oil (at the same time, gold is also widely regarded as a safe haven asset),
equity investment represented by S&P 500 and bond investment represented by one-year US
Treasury bond yield.

Figure 6 depicts the coherence between Bitcoin price and four asset prices from January 2,
2013 to July 8, 2019. The following main conclusions can be seen from the figure: (1) The
correlation between Bitcoin and gold and other assets is not obvious in the short-term frequency
period (the time length is less than one and a half months); (2) From 2015 to 2016, Bitcoin and
crude oil prices were highly negatively correlated in the medium term (one and a half to six
months), and oil prices moves ahead of Bitcoin prices. After that, the coherence weakens; (3)
After 2018, the coherence between Bitcoin assets and stock market and bond market indicators
has significantly increased in the medium and long-term (one and a half months to one year)
band. This shows that with the rapid expansion of Bitcoin system and the increase in the number
of investors, Bitcoin is becoming a potential investment asset in parallel with the stock market,
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bond market and commodity market.
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Figure 6 Coherence distribution of Bitcoin price with gold, oil, S & P500 and US one-year
treasury bond yield
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Figure 7 Coherence distribution of Bitcoin price with us dollar index and market volatility
index

In Figure 7, it can be found that there is a strong positive correlation between Bitcoin price
and US dollar index in the medium and long-term frequency band since 2015. The possible
explanation for this result is that if Bitcoin is regarded as an investment product with substitution
effect with traditional assets, the improvement of the US dollar index puts downward pressure
on the price of commodities denominated in US dollars. At the same time, the economic growth
of developed economies outside the United States weakens, making part of the investment
funds flow from the traditional market to the Bitcoin market. It can be seen from Figure 7
that around the end of 2017, Bitcoin and market panic index VIX showed an obvious negative
correlation in the medium and long-term frequency band. This can be explained by the wealth
effect of US dollar assets and stock investment. The appreciation of US dollar assets and the
return of stock investment increase the investable capital of investors. At the same time, the
optimistic expectation of the market further promotes the investment willingness. Therefore,
more funds can be invested in the Bitcoin Market. At the same time, the negative correlation
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between Bitcoin price and market panic index also shows that Bitcoin does not have strong
characteristics of safe haven assets. This conclusion is consistent with the conclusion that there
is no obvious correlation between Bitcoin and gold price shown in Figure 6.

As mentioned earlier, Bitcoin is a cryptocurrency based on blockchain technology, so its
price change is also related to the operation of the blockchain. In Figure 8, we summarize the
distribution of the correlation between Bitcoin price and blockchain operation indicators in
time domain and frequency domain. In this figure, it can be seen that in 2013, Bitcoin price
is highly related to the long-term trend of blockchain operation fundamentals such as hash
value, mining difficulty and transaction volume per minute. However, after that, the correlation
decreased sharply. Especially during the period of Bitcoin price surge in 2017 and 2018, the
correlation between Bitcoin price and blockchain fundamental data is very low. Therefore, the
rapid increase in prices at this stage can be interpreted as a bubble driven by investment and
speculation, rather than fundamentals.
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Figure 8 Coherence distribution of Bitcoin and blockchain variables
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Figure 9 Bitcoin price (take the logarithm of its natural base, right axis) and changes in
Google search popularity in the world (global), the United States (US), India and Venezuela
(left axis)

As Bitcoin is still in the stage of development and expansion, the increase in the number of
Bitcoin investors and users has played a decisive role in the trend of Bitcoin price. Therefore,
the higher the attention of the public group to Bitcoin, the greater the number of potential
investors and users of Bitcoin, and thus higher Bitcoin price. This trend can be clearly seen
from Figure 10. Bitcoin price is highly positively correlated with the operation trend of search
popularity. Referring to many previous studies, in this paper, we use the popularity of the search
keyword “Bitcoin” in the search engine to characterize this index. We can clearly see this trend.
Bitcoin price is highly related to the trend of search popularity. Figure 11 shows the analysis
results of wavelet coherence. It can be seen that since 2015, there has been a high positive
coherence between Bitcoin price and search popularity in all frequency bands, indicating that
public awareness is one of the main driving factors of Bitcoin price, and the addition of new
investment has increased the volatility of Bitcoin price. This conclusion is consistent with our
hypothesis and empirical evidence that there is a positive correlation between Bitcoin price and
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its volatility, especially from 2017 to 2019 when Bitcoin price fluctuates sharply (as shown in
Figure 7). This also shows that the Bitcoin market is still in a period of rapid expansion, and the
main driving force for the growth of Bitcoin price is incremental investment. This conclusion is
in good agreement with the previous research results and our expectations, and also supports
the research conclusions of Ciaian, Rajcaniova and Kancs (2014) [18].

It is worth noting that for economies with extremely unstable domestic currencies (represented
by India and Venezuela in this study), the correlation between search heat index and Bitcoin
price in the short term is much higher than the global average and developed countries. India
launched the “banknote reform” in November 2016 and abolished large Rupee banknotes;
Venezuela started currency reform in December 2016 and August 2018. As shown in Figure 9,
at these time points, the Bitcoin price is highly positively correlated with the country’s Google
search popularity in both medium and high frequencies, also indicating that the Bitcoin price
can be driven by major events, confirming our hypothesis.
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Figure 10 Coherence distribution between Bitcoin price and Google search popularity
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Figure 11 Distribution diagram of price fluctuation coherence between Bitcoin and other four
digital cryptocurrencies

To study the dynamic relationship between the price fluctuation of Bitcoin and other major
cryptocurrencies, we extracted the price trend information of four major cryptocurrencies in
the market. We select four major cryptocurrencies: Ripple (XRP), Ethereum (ETH), Stella
(STE) and Litecoin (LITE). Figure 10 shows the coherence distribution of price fluctuations
between Bitcoin and the four cryptocurrencies. It can be seen that Bitcoin has a high positive
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correlation with Ethereum and Litecoin, while it has a low correlation with Stella and XRP.
It should be emphasized that after 2018, the coherence between Bitcoin and all the four
cryptocurrencies has increased significantly in almost all frequency bands, indicating that
the price trend consistency of cryptocurrencies has been rapidly strengthened. With the rapid
popularization of cryptocurrency represented by Bitcoin after 2018, the cryptocurrency market is
moving from dispersion to concentration. Therefore, the price trajectory of each cryptocurrency
has becoming more and more consistent.

6 Conclusion and discussion

With the development of payment system, e-money has become the main monetary carrier of
various transaction activities in social production and life. The use frequency and transaction
amount of real currency, including coins and notes, are decreasing day by day. In this sense,
modern society has actually entered the era of electronic money and electronic payment (EC/EP).
Cryptocurrency issued by private entities is committed to establishing a new monetary and
financial system based on blockchain technology. This system adopts decentralized distributed
processing mechanism and makes full use of existing Internet nodes and computing resources,
which can greatly reduce transaction costs, effectively solve the double-spending problem and
protect users’ personal information. Bitcoin, as the most influential cryptocurrency and the
currency with the highest market share, has attracted the attention of the market in a short
time. In particular, the sharp rise in the price of Bitcoin in the past 2-3 years has attracted
extensive attention, and also intensified the debate on the currency attribute and the motivation of
holding cryptocurrency. In theory, by introducing entropy subtraction and information entropy
of economic system, combined with monetary theory, this study puts forward the concept of
“monetary consensus”, and defines three types of monetary consensus. In terms of empirical
analysis, by comparing the dynamic characteristics of the price change of cryptocurrency with
the growth rate of traditional currencies at different levels (USD MO, M1 and M2) and the price
change of other traditional assets (such as gold, oil, stocks, bonds, efc.), we can more accurately
answer the question about whether Bitcoin has the attribute of currency and investment assets.

The analysis of the dynamic correlation between time series needs to calculate the dynamic
relationship in time domain and frequency domain. The correlation model in wavelet analysis
model just meets this demand. In this paper, the original time series signals are transformed
into complex functions in time domain and frequency domain by continuous Morlet wavelet
transform. At the same time, the intensity and phase angle of wavelet correlation coefficient
are defined by cross wavelet transform, so that the correlation distribution of two time series
signals in time domain and frequency domain can be analyzed. Empirical analysis shows good
consistence with research hypotheses. In conclusion, the following theoretical and empirical
findings are obtained:

Firstly, we define the essence of modern money as a new concept ‘“monetary consensus”,
and divide it into three categories according to the generation mechanism and preconditions:
(1) Traditional monetary consensus; (2) Algorithm monetary consensus; (3) Hybrid monetary
consensus. The current EC/EP system corresponds to the first type of monetary consensus,
which is based on the central bank-commercial bank account system, the construction of large-
scale financial infrastructure and the construction of taxation, laws and regulations. In order to
realize this monetary consensus, the process of entropy reduction is the process of establishing
and operating system; The second type of currency consensus is the core foundation of the
cryptocurrency (pure DC system) issued by the non-central bank entities. The mechanism
to ensure the correctness of the ledger information recorded by the currency is no longer a
centralized accounting system, but automatically updates the distributed accounting system
by relying on the algorithm. The more transactions using cryptocurrency, the greater the
total information entropy within the system. The work process required by the second law of
thermodynamics to achieve consensus corresponds to the computational resources invested in
running the algorithm; The third type of currency consensus is the combination of the above
two consensus. The digital legal currency issued by the central bank is an example of this mixed
currency consensus, that is, DC/EP system: utilize the original central bank commercial bank
account system and related financial infrastructure at the EP end, while the DC side still follows
the system and regulations of the central bank as the issuer of legal currency, and uses certain
technical features of cryptocurrency.

Secondly, since the end of 2017, Bitcoin has been highly negatively correlated with the
growth rate of US dollar MO and highly positively correlated with the growth rate of US dollar
M1, indicating that Bitcoin is rapidly entering the real economy, has obvious substitution effect
on MO and has considerable value storage function. This finding verifies our hypothesis that
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as cryptocurrency becomes more widely used in transaction, its connection with traditional
monetary indices enhances as well. The relationship between Bitcoin price and the growth
rate of US dollar M2 is not as obvious as MO and M1, which also shows that the replacement
of traditional currency by cryptocurrency issued by non-central bank entities represented by
Bitcoin is still in the development period. It can be considered that the cryptocurrency issued by
non-central bank entities is in the stage of establishing currency consensus based on algorithm.

In the third place, the correlation between Bitcoin and assets such as gold is not obvious in
the short term (less than one and a half months). However, after 2018, the correlation between
Bitcoin assets and stock market and bond market indicators has significantly increased in the
medium and long-term band. This shows that with the rapid expansion of Bitcoin system and
the increase in the number of investors, Bitcoin, as our first hypothesis predicted, has becoming
a potential investment asset in parallel with the stock market, bond market and commodity
market;

Fourth, since 2015, there has been a strong positive correlation between Bitcoin price and US
dollar index in the medium and long-term frequency band. Around the end of 2017, Bitcoin and
market VIX showed an obvious negative correlation in the medium and long-term frequency
band. This can be explained by the wealth effect of US dollar assets and stock investment. The
appreciation of US dollar assets and the return of stock investment increase investable capital.
At the same time, the optimistic expectation of the market further promotes the investment
willingness. Therefore, more funds can and tend to be invested in Bitcoin Market. At the same
time, the negative correlation between Bitcoin price and market panic index also shows that
Bitcoin does not have strong characteristics of safe haven assets to a certain extent, further
supporting the hypothesis that Bitcoin is of speculative/investment asset rather than safe haven
asset;

Fifth, the increase in the number of Bitcoin investors and users has played a decisive role
in the trend of Bitcoin price: since 2015, there has been a high positive correlation between
Bitcoin price and search popularity in all frequency bands. The public popularity of Bitcoin is
one of the main driving factors of its price, and the addition of new investment has amplified
price volatility. This finding verifies our hypothesis that Bitcoin price is positively correlated
with public awareness of Bitcoin. It is worth noting that for economies with extremely unstable
currencies (such as India and Venezuela), the search heat index has a far higher correlation with
Bitcoin price in the short-term than the global average and developed countries. At the time
of currency reform in India and Venezuela, the high-frequency positive correlation between
Bitcoin price and search popularity in that country has increased rapidly in the short-term, which
also reflects that the fluctuation of Bitcoin price is affected by major events. This is consistent
with our final hypothesis that major events may give rise to the fluctuations of Bitcoin price;

Sixth, during the period of rapid growth of Bitcoin price in 2017 and 2018, the correlation
between Bitcoin price and blockchain fundamentals is low. The rapid increase in prices at
this stage can be interpreted as a bubble driven by investment and speculation rather than a
price growth supported by fundamentals. Therefore, Bitcoin assets have strong speculative
tool attributes at present. This is consistent with our fourth hypothesis and the findings of Jia
(2019) [11];

Seventh, with the accelerated popularity of cryptocurrencies represented by Bitcoin after
2018, the cryptocurrency market is moving from dispersion to concentration. Therefore, the
price indices of cryptocurrencies converge.

In short, the theoretical contribution of this research is the concept of “monetary consensus”
with three types, based on reviewing the evolution of money. By applying such concept, we can
identify and evaluate the stage and trend of monetary system, providing valuable information for
policy makers and system designers. At present, China is in the key stage of moving from EC/EP
to DC/EP. In order to better realize the safe and stable substitution of CBDC for M0, we need to
realize the monetary consensus of CBDC, combing the legal tender consensus and the algorithm
consensus. The empirical analysis shows good consistence with theoretical hypotheses in terms
of the connections between Bitcoin and market indices, quantitively identify the monetary and
investment attributes of Bitcoin. These findings help market participates and researchers better
understand the dynamics of Bitcoin prices and the motives behind the demand for Bitcoin. The
limitation of this research is that it focuses on the monetary and investment attributes of Bitcoin,
by investigating the time and frequency correlation between Bitcoin and market indices. The
next step is to analyze the dynamics of Bitcoin, or cryptocurrencies in general, in the context of
economic and financial system, building dynamic models explicitly contain cryptocurrency to
capture a more comprehensive image of cryptocurrency.
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