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Abstract

The trading volume of Bitcoin has increased immensely since its conception. Bitcoin is a cryptocurrency, it is not
a legal currency but rather a private monetary system that manages by itself and does not depend on
governments or central banks. It is an autonomous currency system that is not liable to any governing body.
Some fear that the increase of Bitcoin usage, as it is quite different from traditional currencies and is free from
control or regulations by monetary authorities. Although its popularity has grown worldwide, fluctuations of the
prices are sometimes erratic. Hence, such large and sudden movements would dampen the sound development of
Bitcoin. This paper examines how the volatile price of Bitcoin changes empirically. The empirical results show
that there is a difference between short-term volatility and long-term volatility. Traders should see not only the
short-term movements in volatile Bitcoin pricing but also long-term developments.
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1. Introduction

Bitcoin, created in 2008, is the most innovative digital currency (Zhu, Dickinson, & Li, 2017). Bitcoin is a
cryptocurrency, and it was first outlined by Nakamoto in 2009. Bitcoin is not a legal currency but a private
monetary system that manages itself and does not depend on central banks or governments (see, e.g., Dowd &
Hutchinson, 2015). The trading volume has been expanding rapidly, so some people fear the trend as it is free
from control and regulations by monetary authorities. Bitcoin can be inflated or deflated at will as the supply of
Bitcoin is limited to a certain volume, which cannot be changed. The use of Bitcoin allows users to send or
receive large amounts of money to anyone with cheaper costs than other financial instruments.

Beer and Weber (2014) showed that the network and financial services related to Bitcoin are not regulated, so
users should take measures to protect their Bitcoin holdings by themselves. On the other hand, as indicated by
William (2016), Bitcoin must reduce regulatory issues for use as they contain legal or regulatory problems.
McCallum (2015) mentioned, “There exists a rather prominent possibility that the U.S. government will take
legal steps to constrain or banish the Bitcoin system”. Maftei (2014) indicated that Bitcoin transactions have
expanded rapidly, which may catalyze regulation steps or legal approval of governments. However, Bitcoin
could provide new hopes for greater freedom in terms of volume, payment methods, anonymity, etc. Kurihara
and Fukushima (2017) proposed that the share will be large and evolve significantly over time for the various
kinds of information. Brandvold, Molnar, Vagstad, Andreas and Ole (2015) determined that sound trading and
boosting economies via Bitcoin is expected.

The characteristics meet users’ strong demands, and Bitcoin has been accepted with demand by users all over the
world. No other similar financial instruments exist to date, and it has attracted much attention since it’s inception.
This kind of cryptocurrency has grown and will grow due to emergence of newer technologies and applications
(Abboushi, 2017). Most people believe that Bitcoin contains risk for transactions and investments. However,
Bitcoin has been used for many types of transactions and investments and has been accepted by many users,
which indicates a rapid increase in the trading volume of Bitcoin. Some serious incidents have occurred in reality,
but the value of Bitcoin overcame and will overcome such serious conditions from now on, too. Now, the
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forward market is prevailing. There is some possibility that Bitcoin will be linked with new financial instruments
such as financial derivatives.

Bitcoin has received much attention recently from academic fields and from the real world as there are a lot of
usage objects. Brére, Oosterinck, and Szafarz (2015) showed that Bitcoin gives diversification of financial
investments. Dyhrberg (2016) indicated that Bitcoin provides a hedge instrument for performing financial
transactions. On the other hand, as noted by Seigh (2015) and Baeck and Elbeck (2015), Bitcoin has been used
for speculation. Yermack (2013) indicated that Bitcoin appears to be used more as a speculative financial
instrument than as a typical currency transaction. Also, Cheah and Fry (2015) found that the fundamental return
of Bitcoin is almost zero, and Bitcoin shows speculative bubble elements. Bitcoin seems to have a place in
financial markets and in portfolio management, however, there exist some kinds of speculative elements which
may cause serious financial crisis.

The price stability of Bitcoin is at least as important as the price of Bitcoin because it relates to economic activity.
If Bitcoin prices fluctuate or Bitcoin loses its value extremely, participants avoid its use, which can damage
efficient allocation of resources in the economy. Bitcoin is still fairly young, so the data accumulation that
examines the prices of Bitcoin is not sufficient. Experiences of using Bitcoin are rare. Examination of the prices
and movements of Bitcoin is strongly necessary; however, few studies have tackled this problem. This paper
examines the return volatility of Bitcoin. Dwyer (2014) indicated that the price volatility of Bitcoin is higher
than the volatility of gold prices or some kinds of tangible currencies. Gronwald (2014) showed that Bitcoin
prices are characterized by large price fluctuations such as those found in newly emerging markets. Cheung,
Roca, and Su (2015) found that Bitcoin price bubbles are different than normal price movements. However, there
are also few studies that examine the price volatility of Bitcoin.

There is also a need to explore other aspects of Bitcoin trading. For example, Yamori and Kurihara (2004)
analyzed foreign exchange rate anomalies in a week. This study is not directly related with Bitcoin, but there are
some possibilities that such kinds of anomalies should be taken into account. Kurihara and Fukushima (2017)
examined the efficiency of Bitcoin’s markets and found its efficiency. According to this study, there were no
anomalies of Bitcoin’s prices in a week. Jakub (2015) showed that Bitcoin follows the hypothesis of efficient
markets. In a different recent study, Urquhart (2016) indicated that the Bitcoin market had been inefficient until
recently. It also showed that simplicity, transparency, and popularity have been increasing. Urquhart (2017)
found that Bitcoin’s price and volume have a significant positive relationship. Li and VVang (2017) indicated
that Bitcoin prices adjust to economic fundamentals and market conditions. Vassilladis, Papadopoulos,
Ranquoussi, and Konieczny (2017) found that there is a correlation between Bitcoin prices and stock prices.
Hong (2017) showed that Bitcoin returns are similar to those of the other asset returns over a shorter time span.
Stock prices may have to be taken into account when examining the Bitcoin’s price along with exchange rates
and Bitcoin’s trading volume.

This article is structured as follows: Section 2 provides a model for Bitcoin’s price volatility. Section 3 examines
the data employed here. Based on section 3, section 4 shows empirical methods and provides empirical analyses.
Finally, section 5 gives a brief conclusion.

2. Price Volatility

This study examines Bitcoin’s price volatility. Along with the price itself (level), the rerun is also used for
estimation. Bitcoin returns (R) are calculated as follows in equation 1:

Rt = In(Pt/Pt—1) €]
where Rt is the return of Bitcoin. In(Pt) and In(Pt-1) are the natural logs of Bitcoin prices at time t and t-1. Data
used in this study are daily.

Also, Augmented Dickey-Fuller tests (ADF) and Phillips-Perron tests (PP) were used to examine whether or not
the null hypothesis of a unit root of the Bitcoin’s returns and Bitcoin’s levels cannot be accepted. ADF are used
mostly for empirical estimation to check the unit root, however, if the series is correlated at higher order lags, the
assumption of white noise disturbances can be violated. In such cases, the PP test provides a method to control
for higher order serial correlation in a series than is accepted. This test makes a nonparametric correction to the
t-test statistic.

This paper is to examine the price volatility of Bitcoin. To examine the data volatility, the GARCH model is
sometimes useful. The GARCH model was introduced by Engle (1982), Bollerslev (1986), and Taylor (1986).
This model is often used especially in financial time-series analysis. An agent in financial markets predicts the
period’s variance by forming a weighted average of a long term average, the forecasted variance from last period
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(GARCH term), and information about volatility observed in the previous period (ARCH term). If the asset
return was unexpectedly large in either the upward or the downward direction, the trader will increase the
estimate of the variance for the next period. In this study, the basic GARCH is expressed in equation 2.

S
Rt =00 + ZaiRt—i+8t (2)
i=1
et=hizi zi~i.id.(0,1)
where &t is the error term, zi is a white noise process, and hi is the conditional standard deviation.
3. Data

The Bitcoin data are from www.bitcoinaverage.com which is an aggregated Bitcoin index of prices from Bitcoin
markets. First, the level (level in Table 1) and the data that are converted level into rate (rate in Table 1) are
examined for each day. The sample period is from 7/17/2010 to 12/29/2016. The descriptive statistics of Bitcoin
for the whole period are shown in Table 1.

Table 1. Descriptive data and unit root tests

Rate Level
Mean -0.002 243.876
Median -0.0008 145.140
Maximum 0.559 1183.590
Minimum -0.310 0.050
Std. Dev 0.054 258.589
Skewness 1.494 0.778
Kurtosis 21.504 2.516
Jarque-Bera 34416.23 260.642"""
ADF 23205 -2.249
PP -39.858""" 2.657

sk

“and * denote significant at 1% and 10%.

The returns are positively skewed while the excess kurtosis suggests leptokurtic behavior. The value of the
Jarque-Bera statistics indicate the departure from normality. In addition, Augmented Dickey-Fuller (ADF) and
Phillips-Perron unit-root tests show that they accept the null hypothesis of a unit root for the returns at 1%
significant level, so stationarity is guaranteed. The stationarity is guaranteed for the cases of return, but
stationarity cannot be found for the case of the level. Examining the volatility justifies the application of
GARCH models. In section 4, the return of Bitcoin instead of the price level of Bitcoin is used for estimation.

4. Empirical Analysis
4.1 GARCH Model

Using the GARCH model, price volatility of Bitcoin is examined in this section. The basic estimated equation is
(2) as shown in section 2. In addition to basic the GARCH model, EGARCH, PGARCH, and CGARCH models
are employed for estimation.

In exponential GARCH (EGARCH), the leverage effect is exponential rather than quadratic, and the forecasts of
the conditional variance are guaranteed to be nonnegative. Power GARCH (PGARCH) employs a power
parameter. The power parameter, which is the standard deviation, is estimated rather than imposed. Component
GARCH (CGARCH) uses the variables in the transitory estimation. They have an impact on the short-term
movements in volatility while the variables in the permanent equation will impact the long-term levels of
volatility. In this study, GARCH (1, 1) is used for estimation when employing the CGARCH model. The results
are (a), (b), (¢), and (d) in Table 2.
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Adding to the GARCH models, Ordinary Least Squares (OLS), Generalized Method of Moments (GMM), and
robust least squares (RLS) estimation methods are also employed for estimation. RLS is unlike maximum
likelihood estimation. Employing OLS estimation for regression is sensitive to the observations that do not
follow the pattern of the other observations. This is not a problem if the outlier is simply an extreme observation
from the tail of a normal distribution; however, if the outlier is from non-normal measurement error or some
other violation of standard OLS, it compromises the validity of the regression results if a nonrobust regression
method is employed. The results are (e), (f), and (g) in Table 2.

The results in Table 2 show that the GARCH model appears to be an appropriate test to describe the volatility of

the Bitcoin price returns.

Table 2. Estimated results of bitcoin’s returns

GARCH EGARCH PGARCH CGARCH LS GMM Robust Least Squares
(a) (b) (c) (d) (e) () (2)
Const. 0.001°" 0.004" 0.002"" 0.0017"  0.0047  -0.021" 0.002""
(0.0004)  (0.0002) (0.0004)  (0.0003)  (0.001) (0.007) (0.009)
R(-1) 0.188" 0.176”"  0.1988""" 0.186 0203  5.036"" 0256
(0.021) (0.021) (0.020) (0.018)  (0.020) (0.993) (0.009)
Variance Variance Variance Variance
Equation Equation Equation Equation
Const. 4.63E-05""
(1.47E-06)
Redid(-1)"2 0359
(0.015)
GARCH(-1) 0.708""
(0.007)
CcB3) -0.77677  0.0002"" 0.0017"
(0.029)  (5.10E-05)  (0.0003)
C(4) 0.488™" 0.320 0.999™"
(0.018) (0.015) (0.0001)
C(5) 0.079™"  -0.118" 0.147°
(0.011) (0.023) (0.004)
C(6) 0.9317" 0.739™ 0.143™
(0.003) (0.009) (0.010)
C(7) 1.611°7 0.741°"
(0.065) (0.021)
Adj.R? 0.036 0.039 0.038 0.036 -22.808
Adj. Rw* 0.220
F-statistic 98.662
(0.000)
Rn” statistic 797.806
(0.000)
D.W. 1.921 1.905 1.944 1.916 1.955 1.989
AIC -3.887 -3.873 -3.891 -3.904 -3.022 4063.293
HQ -3.883 -3.868 -3.885 -3.898 -3.021
J-statistic 2.19E-47

ETTIE T

s and = denote significance at 1%, 5%, and 10% (z-statistic and t-statistic). Standard errors are in

parentheses.
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The results are interesting to note. There are not large differences among the GARCH models, however,
CGARCH model is the most appropriate model among the GARCH models judging from the Akaike
Information Criteria (AIC) and Hanna-Quinn Criteria (HQ), which are similar to results discussed in Katsimpa
(2017) and Bouoiyour and Selmi (2015). When examining the Bitcoin’s prices, traders should see the volatilities,
the short-run changes in volatility, and the long- run changes of volatility.

4.2 Departure Spam

Three additional analyses were performed in this section. First, the time span the departure time from the price
rate trend, is calculated. As the trend returns, the Hodrick-Prescott method is used. This method is used to obtain
a smoothed-curve representation of a time series, one that is more sensitive to long-term than to short-term
fluctuations. The adjustment of the sensitivity of the trend to short-term fluctuations is achieved by modifying a
multiplier. The difference between Bitcoin’s return minus its Hodrick-Prescott value (HP) is regressed by the
value of two days prior. The estimated equation is showin in equation 3.

Rt — HPt = o (Rt-2 — HPt-2) 3)
The result is as follows (4).
Rt —HPt = 0.219"" (Rt-2 — HPt-2) )
(0.020)

Adj.R2: 0.047 F-statistic: 24.343 (probability: 0.000) D.W.: 2.052

Parentheses are standard errors of deviation. As the time span departs from the trend, 10% is used. So, 0.219*=
0.1 (10%) is solved. The result is that 1.516 day. When examining the Bitcoin’s return, only focusing on
short-term ones is not sufficient. There is some possible departure from the trend that would diminish or
disappear but continue for some time. Irrational movements or shock would also continue for some time.

Moreover, another analysis is conducted. Bitcoin’s rerun is regressed by exchange rate and stock prices. Both
explanatory variables are rates (rexchange and rstock). For the exchange rate, daily average change rate of
Japanese yen/US dollar exchange rate (rexchange), and for the stock prices, daily NIKKEI 225 daily average
change rate are used for estimation. The estimated result is as follows (5).
Rt =-0.002"" -0.235rexchange + 0.033rstock (5)
(0.01)  (1.191) (0.082)
Adj.R2:-0.0001 F-statistic: 0.796 (probability: 0.451) D.W.: 1.622
Finally, Bitcoin’s return is regressed by its daily change rate of trading volume (rvolume). The empirical result is
the equation 6.
Rt =-0.002"" + 7.65E-05rvolume (6)
(0.01)  (0.0007)
Adj.R2: -0.0004 F-statistic: 0.011 (probability: 0.914) D.W.: 1.622

As the equations indicate, Bitcoin’s price has not influenced other economic variables such as exchange rate or
stock prices. Also, trading volume has not impacted Bitcoin prices. On the other hand, as suggested by the
equations (e), (f), and (g) in Table 2, Bitcoin’s price itself has an impact on the price, so its variance should be
examined carefully as this study suggests.

5. Conclusions

This paper focused on the price volatility of Bitcoin by using empirical methods. The empirical results show that
there is a difference between short-term volatility and long-term volatility. Traders should pay attention to both
short-term and long-term movements in volatility.

Sound trading and boosting economies via Bitcoin is expected. Examination of Bitcoin’s market has begun just
recently. Experiences and data will be accumulated, and much more research from many aspects is expected.
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