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Shaen Corbet (Ireland), Grace McHugh (Ireland), Andrew Meegan (Ireland)

THE INFLUENCE OF CENTRAL
BANK MONETARY POLICY
ANNOUNCEMENTS ON
CRYPTOCURRENCY RETURN
VOLATILITY

Abstract

The emergence of Bitcoin in 2009 has received considerable attention surrounding the
validity of cryptocurrencies as a viable, and in some jurisdictions, a legal currency
alternative. Despite widespread concern that these cryptocurrencies are fostering the
environment within which a substantial bubble can occur, it is important to analyze
whether these new assets are behaving similarly to major international currencies.
This paper investigates the effects of international monetary policy changes on bitcoin
returns using a GARCH (1.1) estimation model. The results indicate that monetary
policy decisions based on interest rates taken by the Federal Open Market Committee
in the United States significantly impact upon bitcoin returns. After controlling for
international effects, we find significant evidence of volatility effects driven by United
States, European Union, United Kingdom and Japanese quantitative easing announce-
ments. These results show that, despite its nature and ideals, bitcoin seems to be subject
to the same economic factors as traditional fiat currencies, and is not entirely unaf-
fected by government policies. This result has implications for investors using bitcoin
as a hedging or diversification tool. In addition, we contribute to the existing debate
regarding the classification of bitcoin as an asset class, by illustrating that bitcoin vola-
tility exhibits various reactions that bear resemblance to both currency pairs and store-
of-value assets.

Keywords bitcoin, cryptocurrency, market volatility, monetary
policy announcements, portfolio diversification
JEL Classification  c32,¢58,G15

INTRODUCTION

Bitcoin is becoming increasingly popular and relevant in both aca-
demic research and the widespread financial system. The increasing
use of blockchain technology, and its potential widespread use in the
future means that research is necessary to examine the reaction of
digital assets to external macroeconomic factors, compared to that of
traditional currencies and assets.

Bitcoin is a peer-to-peer digital asset, which claims to be decentralized
and independent of monetary authority influence, created in 2009 by
Satoshi Nakamoto'. Transactions take place directly between users,
and are verified by network nodes. To overcome the traditional “dou-
ble-spending”™ problem, each transaction must be cryptographically

1 Satoshi Nakamoto is the pseudonym used by the programmer, or group of programmers,
who created bitcoin. Despite much speculation, and several claims by individuals, the
identify of Nakamoto remains a mystery.

2 Double-spending is a problem, unique to digital assets, in which the same coin or token can
be spent several times.
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verified by a network node, or “miner” (Kroll et al., (2013) who provide a detailed description of the
mining process). Miners add verified transactions to a publicly distributed ledger, or blockchain, and
are incentivized to do so by the reward of transaction fees and new bitcoins. New bitcoins are created
every 10 minutes via this mining process, and will continue to do so until the full supply of 21 million
bitcoins has been issued. In this way, unlike traditional fiat currencies, bitcoin is a deflationary asset.

If bitcoin’s claims to be a decentralized currency independent of any government influence are true, we
would expect government policy interventions to have no impact on the volatility of such returns. We use
a GARCH (1.1) specification to model the effect of government policy announcements on bitcoin returns
volatility, and determine whether said announcements generate a significant observed change in volatility.

A number of previous studies have focused on the classification of bitcoin as an asset class and ques-
tioned whether it most resembles a currency (similar to the US dollar) or a store of value (Gold). In ad-
dition, the touting of bitcoin as the “virtual gold” has led to its increasing use as a diversification tool
by investors. To examine such claims, we use an OLS methodology to estimate the effects of a number
of external variables on bitcoin returns volatility. Specifically, we use UK and European market proxies,
exchange rate pairs, commodity proxies (representing each of the two potential asset classes: currency
and store-of-value) and a number of day-of-the-week indicator variables.

Our results suggest that monetary policy decisions and announcements have a significant volatility ef-
fect on bitcoin returns. Monetary policy decisions based on interest rates taken by the Federal Open
Market Committee in the United States are found to have a significant impact on bitcoin volatility. After
controlling for international effects, we find significant evidence of volatility effects driven by United
States, European Union, United Kingdom and Japanese quantitative easing announcements. Increases
in such QE programes had strong significantly positive impacts on bitcoin returns volatility.

Our findings suggest that bitcoin is not immune to spillover effects from international policy maker deci-
sions - a result which is somewhat at odds with its decentralized nature. These findings have implications
for users of bitcoin, for investors in currencies building risk management strategies and for policy makers
themselves. Bitcoin and broader cryptocurrencies appear to have developed significant behavioral char-
acteristics, similar to major international assets such as broad cross-currencies, equities and commodi-
ties. Our findings add further weight to the argument that bitcoin occupies a unique asset classification
(Dyhrberg, 2016) somewhere between a functioning currency and a traditional store-of-value asset.

The remainder of the paper is organized as follows. Section 1 presents a review of previous literature.
Section 2 presents the data and methodology used. Section 3 discusses the empirical results. Final sec-
tion concludes and discusses the relevance of our findings.

1. PREVIOUS LITERATURE

and the large control they exert on the network.
The resurgence in US dollars that has been seen

The bitcoin market has increased dramatically
over the last four years. As of August 2017, the
total market cap had surpassed $55 billion, with
daily trading volume regularly exceeding $1 bil-
lion. Although initially traded primarily through
USD, bitcoin trading via Chinese yuan increased
dramatically from 2014 to early 2017 as illustrated
in Figure 1. This increase may be attributed to the
surge in bitcoin mines (and mining pools) locat-
ed throughout China (due to low electricity costs),

throughout 2017 can be attributed to an increased
public awareness of bitcoin throughout the United
States due, in part, to increased media coverage.

The increased mainstream coverage of bitcoin has
led to an influx of non-technical, new entrants to
the market. Prior to this increase, the majority of
bitcoin users were considered to be either comput-
er programming enthusiasts or individuals engag-
ing in illegal activity (Yelowitz & Wilson, 2015).
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Figure 1. Percentage of total bitcoin trading from August 2012 to August 2017

The influx of first-time buyers may also be attrib-
uted to the increase in user-friendly methods of
purchase. Sites such as coinbase.com have made
it relatively uncomplicated for someone with no
technical knowledge, or prior experience, to pur-
chase bitcoin. Despite this, most daily trading is
still conducted on exchange sites, the largest 3
being bittex, bithumb and bitfinex.com. Price in-
creases are driven by traditional fundamental fac-
tors, namely trade usage, price level, money sup-
ply, as well as periods of explosive price increases
(Kristoufek, 2015). An increase in investors’ inter-
est during these times of large price increases sug-
gests an increase in speculative buyers entering
the market, motivated by a “fear of missing out”.

Bitcoin is a decentralized peer-to-peer network,
which is not governed by any official centralized
issuing authority (Ron & Shamir, 2012). As such,
Karlstrom (2014) notes a number of unique charac-
teristics which differentiate bitcoin from tradition-
al fiat currencies®: 1) the money supply is controlled
by an algorithm, the structure of which is in the

public domain, and is independent of central bank
monetary policy; 2) verification of transactions is
decentralized and non-hierarchical; 3) electronic
wallets are not directly connected to their respec-
tive owners by identifiable information.

There have been numerous attempts to determine
the particular asset class under which bitcoin falls,
with many studies questioning whether bitcoin
bears greater resemblance to a currency (US dol-
lars) or a store of value (gold). Swartz (2014) de-
fines a currency as “a coin, government note or
bank note that circulates as a medium of exchange,
unit of account and store of value”. Swartz (2014)
doubted that bitcoins could successfully function
as such due to their complicated nature and the
lack of viable ways in which to spend them. Slow
transaction times, and the increasingly high min-
er’s fees associated with them, have prevented bit-
coin from being adopted as a viable day-to-day
currency. However, a number of improvements*’
appear imminent which could overcome these
difficulties.

3 Fiat money refers to any currency which has been established and declared legal tender by a government, but is not backed by any physical

commodity.

4 'The lightning network proposes to implement hashed timelock contracts (HTLCs) with bi-directional payment channels. This would
dramatically increase the speed of bitcoin payments, as well as reducing the amount of payments that must be processed by full nodes on

the network.

5 Bitcoin blocks are currently limited to 1MB in size, placing a premium on the transactions that are included in each block. A number of
potential strategies have been proposed (BIP 148/Segwit2X) to increase the block size. This increase of block size will lead a reduction in

transaction (miners) fees.
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Lo and Wang (2014) found that a large propor-
tion of bitcoins obtained in the period prior to
May 2012 were not spent within three months
of receipt, suggesting that they were held more
as a store of value than as a medium of exchange.
Dyhrberg (2016) attempted to classify bitcoin by
performing a GARCH volatility analysis on the re-
turns of all three assets — gold, US dollars and bit-
coin. Bitcoin is found to display a number of simi-
larities to both oil and gold. It not only displays a
reaction to Federal Fund rate changes (as would
be expected by a currency), but also displays hedg-
ing capabilities, and a symmetric reaction to news
(characteristics that would traditionally be associ-
ated with gold).

The impact of monetary policy announcement
“news” affects asset pricing theory in a variety of
ways. Birz and Lott (2011) find that it directly af-
fects the level of consumption or the investment
opportunity set. Geman, Madan, and Yor (2000)
find that discontinuity in the information flow in
relation to the arrival of news drives the jumps
in volatility during the pricing process, with the
macroeconomic events generating considerable
interest, as they provide an expectation of the gen-
eral economic conditions and future outlook. Eun
and Shim (1989) use vector autoregression mod-
els (VARs) to observe the size of multiple coun-
tries’ volatility channels, identifying the US as the
largest.

Belgacem and Lahini (2012) used a DCC-GARCH
model to compare new effects in the US and
European bond and stock markets, finding a sig-
nificant news effects sourced in the US. The use
of a GARCH specification to investigate volatility
impact has been utilized in a number of studies
(Rangel, 2010; Egert & Kocenda, 2013). The model
specifications used in this analysis bear most re-
semblance to the work of Bomfim (2003) and Lobo
(2002), in which they used augmented GARCH
and EGARCH models, respectively, to investigate
volatility impacts.

Glick and Leduc (2012) observed that commod-
ity prices are forward-looking variables that re-
spond rapidly to worldwide economic news. In

6  Historical bitcoin prices are sourced from www.coindesk.com.

the days following a monetary policy announce-
ment, commodity prices were observed to fall, the
fall being significantly larger when the monetary
policy announcement was deemed to be negative.
Lobo (2000), Bernanke and Kuttner (2005), and
Chulia et al. (2010) also observed an asymmetric
relationship between monetary policy and stock
market volatility; similarly find that the level of
volatility is dependent on whether the monetary
policy changes are positive or negative. D’Amico
et al. (2012) found that, although quantitative
easing and interest rate policies differ, they share
the same purposes of affecting long-term interest
rates by way of the term-premium component of
the assets included in these policies.

2. DATA AND METHODOLOGY

Our sample consists of daily bitcoin closing pric-
es, ranging from 19 July 2010 to 29 April 2016
(1,509 observations). To separate international ef-
fects within the GARCH methodology, we have
included the returns of the United States stock
markets in the form of the S&P500, the returns on
European equities through the EUROSTOXX 50
and currency effects through the trade-weighted
index of the domestic currency against a basket®
of US dollar, euro, yen and sterling. The multiple
international crises and terrorism events during
the period of the sample are isolated by the in-
clusion of variables representing oil and gold” as
used by Corbet and Twomey (2014), Corbet and
Larkin (2017). All other variables are sourced
from Bloomberg. The inclusion of these currency
and commodity variables allows investor behavior,
such as flights to safety, to be isolated. Bitcoin re-
turns have been shown to be affected by both good
and bad news (Kristoufek, 2014). This suggests
that the arrival of “news” in the form of FOMC
announcements should have a significant effect on
bitcoin volatility. The expected effect of such an-
nouncements is as follows: following a FOMC an-
nouncement, a fall in government and corporate
bond yields is expected. This encourages investors
to seek riskier alternative investment classes, and
should push alternative asset values and volatility
upwards (Meaning & Zhu, 2011; Joyce et al., 2011).

7 'The price of oil is represented by the West Texas Intermediate price — a grade of light crude oil frequently used as an oil benchmark. We

use daily spot price levels to measure the changing price of gold.
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Table 1. Descriptive statistics: asset returns

Variable Mean Max Min SD Skewness : Kurtosis ]agg::ae- ADF
Bitcoin 0.0055 : 0.51770 : -0.6093 : 0.0737 : -0.3371 : 16.1060 :1128.695***: 16.189***
FUROSTOXX50 00004 00521  —00599 = 00120 = —0.2057 = 51344 . 201.936*** = 19357+
S&P500 00003 00415 | -0.0571 | 0.0088 . -0.4048 = 70629  948.836*** 29.841%%*
USD-EU 00000 00241 | -0.0301 | 00060 . -0.0028 = 4.5243  146.682*** 14.668"
UDS-GB 00000 00179 . 00155 . 00047 . —0.0581 = 3.5531  197.900%** = 18.837%**
USDJP 00002 00349 | -0.0305 . 00058 | -0.2423 | 69534 1013.036"* 15.801%%*
WTl crude oil spot . —0.0003 - 01162 - —0.0907 = 00202 02320 66572  786.634** 14.833%
Gold spot 00000 = 00406 | -0.0951 00107 = 07342 | 91773  2566.443*** 23.283***

Notes: numbers in parentheses indicate the standard errors. ***, ** and * indicate the significance level at the 1%, 5% and 10%

levels, respectively.

The continuously compounded daily returns for
the data are computedas 7, =100-Inp, / p,_, . p,

is the stock price at time ¢, and p,_; is the stock
price at time 7 —1. Table 1 reports the descriptive
statistics for the continuously compounded re-
turns. The return distribution is negatively skewed
for all variables with the exception of oil returns.
The behavior of bitcoin’s daily returns in 2010 and
2011 appear to instil significant variance in the re-
turn distribution. This is largely attributed to the
relative illiquidity found in the bitcoin market in
this time period® as seen in Figure 1.

The individual central bank monetary decisions
are reported from the minutes of the meetings
that decided upon the interest rate and quanti-
tative easing actions taken. Those central banks
included and their respective jurisdictions in-
clude: the Federal Open Market Committee
(FOMC) in the US, the Governing Council of
the European Central Bank (ECB), the Monetary
Policy Committee of the Bank of England (BoE)
and the Policy Board of the Bank of Japan (BOJ).
The number of announcement and segregation
of announcement type are presented in Table 2

8  The relatively large value of kurtosis statistics suggests that the underlying data are leptokurtic, or fat-tailed and sharply peaked about the

mean when compared with the normal distribution.
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Figure 2. Bitcoin daily price returns and volatility from 2011 to 2016
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Table 2. Number of central bank monetary policy actions post policy board meetings

Variable FOMC ECB BOE BOJ
Increasing interest rates 1 2 0 o
Reducing interest rates 0 : 7 : 0 .
No change in interest rates 46 ; 54 ; 69 i 80
Total 47 63 69 81
Increasing quantitative easing 5 4 3 11:
Decreasing quantitative easing : 0 : 0 i 0
No change in quantitative easing 33 : 58 : 66 .70
Withdrawing quantitative easing 2 : 1 : 0 .0
Total 33 63 69 8l

and Figure 2. It must be noted that bitcoin data
is currently unavailable prior to 2010, therefore
the analysis is only presented thereafter. In Table
2, we can see that there are, however, some cen-
tral banks that have not taken particular policy
responses in the sample period. For example, the
FOMC and the Governing Board of the ECB were
the only committees to increase interest rates dur-
ing the sample period and the FOMC were the on-
ly committee to decrease quantitative easing.

We utilize an OLS model to estimate the effect of
a number of variables on bitcoin returns. Let 7,

represent the domestic stock exchange return of
country I at time 7. Our OLS model is then speci-
fied as follows:

Tis =B+ B T + 5, T ER, + 5, Tsep T
+8, Testx, + 55 TGold, + 5 "y, +5 Ty, ©)

+,Bg'rw, +ﬂ9”’r, +ﬂ10"”F, T4,

where 7, ., represents the weighted exchange rate
index return of countryi. ry,, and 7y, are UK
and European market proxies, representing the

returns of the S&P500 and EUROSTOXX indices,

FOMC monetary policy decision

6.00%

4.00%

2.00%

0.00%

—2.00%

—4.00%

—6.00%

2010 2011 2012

&7 |R increase
A QE increase

#% QE decrease

— S&P volatility (%

2013 2014 2015

Note: this figure presents the daily return volatility of the domestic exchanges of the United States with monetary policy decisions

included as the shaded region.

Figure 3a. Central bank monetary policy actions and domestic stock market volatility (2010-2016),
the United States
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ECB monetary policy decision
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4.009
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EUROSTOXX volatility (%)
2.00%
0.00%
-2.00%
-4.00%
—-6.00% : A : =
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Note: this figure presents the daily return volatility of the domestic exchanges of Europe with monetary policy decisions included
as the shaded region.

Figure 3b. Central bank monetary policy actions and domestic stock market volatility (2010-2016),
Europe

BOE monetary policy decision
6.00%

#HF QE increase
4.00%
— FTSE volatility (%)

2.00%

0.00% | i |

—2.00%

—4.00%

-6.00% = :
2010 2011 2012 2013 2014 2015

Note: this figure presents the daily return volatility of the domestic exchanges of the United Kingdom with monetary policy
decisions included as the shaded region.

Figure 3c. Central bank monetary policy actions and domestic stock market volatility (2010-2016),
United Kingdom
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Figure 3d. Central bank monetary policy actions and domestic stock market volatility (2010-2016), Japan

respectively. 7, and 7;,;, are commodity proxies
representing gold spot price and crude oil returns,
respectively. 7,,, 7,, ¥, and 7, are day-of-the-
week dummy variables’. r,ut is an ii d error term.
Bitcoin returns have been shown to exhibit volatility
variability (Enders, 2010), indicating that the gener-
alized autoregressive conditional heteroskedasticity,
GARCH, specification (Bollerslev, 1986) is suitable
for modelling. This is further confirmed by Engle’s
Lagrange multiplier test, which indicates the pres-
ence of a strong ARCH effect in the residuals of first
differenced logged bitcoin price (Dyhrberg, 2015).
We follow the existing literature by using a GARCH
(1.1) specification, which takes the following form:

@

Fo=Vot il vV lgr T3 Fsap T
YVa Vestx, TVs Voo, Y V6 Y, TV7 Ty, T

Vg Ty Vo Tr V1o TE +& s

with variance equation:

2 _ 2 2
O, =+, & +f o+ 5policyw , 3
where 0 O yoiicy, T€PTESENts a policy announ-

policy,,[
cement by one of the respective central banks.

3. EMPIRICAL RESULTS

Table 3 reports the results of the OLS estima-
tion and GARCH (1.1) estimations regarding the
central bank’s interest rate decisions and the bit-
coin volatility estimates. In the OLS estimation,
the variables of market risk, as measured by the
trade-weighted exchange rate, the S&P500 index,
spot gold and the spot WTI price, are all positive
and statistically significant. The EUROSTOXX 50
index variable is found to be negative and signif-
icant. Moreover, the results show that exchange
rates explain a greater proportion of bitcoin’s re-
turns compared to stock market and commodity
returns (although spot gold is significantly higher
than the alternatives). The suitability of the regres-
sion estimates is examined using an ARCH test.
A rejection of the null hypothesis would indicate
that the squared residuals in equation (1) contain
autocorrelation or heteroscedasticity. The first col-
umn of Table 3 reports the results of the ARCH
test. Unsurprisingly, a residual serial correlation is
present at the index level.

The estimated GARCH (1.1) parameters of the
conditional return model for interest rates are also

9 Tuesday is omitted to avoid a dummy variable trap. The specification proves robust to the omission of any other day of the week, and no

change in the results was observed.
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Table 3. GARCH (1.1) results for interest rates adjustment effects on bitcoin daily returns

OLS - Eq. (1) GARCH(1,1) - Eq. (3) & 4)
Variable 1. OLS %nfgggtc 3. ECB interest i?ftEr?sEt 5. BOJ interest
' rate decisions rate decisions rate decisions rate decisions
Mean equation
‘ 0.0041** ‘ 0.00071*** 0.00071*** 0.00071*** 0.0000
Constant (00017) e (00000) . (00000) ...... (00000) ........ (00000) ........
s omaromse oom oo
. M00057) (00003 00009 00009 0000
Exch Rate 06029° 00046 00063 00048 -00068™
(0.3606) (0.0018) (0.0024) (0.0019) (0.0020)
sarn Cemwe T een T oome oo oo
: (0.1321) : (0.0015) (0.0020) (0.0011) (0.0020)
sURosTONK 50007 ooow oo oo oo
: (0.0205) (0.0010) (0.0012) (0.0011) (0.0011)
Spot Gold, 03 0005 00030 00002 00033
SR 02043 .;...Qoomw .00 . ©0008) ;...[0o00m .
Spot WTlerude, 00429 . 00002 00004 00000 00004
: (0.0272) (0.0006) (0.0007) (0.0000) (0.0006
Vonday Coone omor oo o oomo
, (0.0073) © (0.00000 (0.0000) (0.0000) (0.0000)
oo owm oot oo oo oo
: (0.0066) : (0.0000) (0.0001) (0.0000) (0.0000)
— [ T T o S T BT Y
: (0.0071) (0.0000) (0.0000) (0.0000) (0.0000)
e e oomomw oo oowo
(0.0064) (0.0000) : (0.0000) (0.0000) (0.0000)
Variance equation
i - 0.0003*** 0.0007%x 0.0004*** 0.0000***
Constant e (00001) FERUUOUONE S (00000) ............ (00001) JROUOON S (00000) ........
e e T S S SC T o
ARCH —— (00129) ............... (00071) ...... (00064) ........ (00064) ........
S R e e S P
o o 0070 003 00032)  0029)
Interest rate increase, - e SO OO | -
Interest rate decrease, - “;;’2;);; ........... “?00507;0) ......
Interest rate no change, . 0018 00075 00W1 00005
e (00030 1 (00004 1001800 0.0004) .
Adjusted R’ R Rt RS N S S R T
ARCH (1.1) 52.551%*x* : - - - -
[ B T YT B T T
%2 - 27.461 73.768 23.370 104.509

Notes: Estimates in column 1 are based on the OLS methodology reported in Eq. (1). Estimates in columns 2-5 are based on the
GARCH (1.1) methodology in Eq. (3) and Eq. (4). Coeflicients in parentheses indicate the standard errors. ***, ** and * indicate
the significance level at the 1%, 5% and 10% levels, respectively.
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Table 4. GARCH (1.1) results for Quantitative Easing (QE) adjustment effects on bitcoin daily returns

GARCH (1.1) - Eq. (3) & (4)

Variable . "
FOMC QE decision ECB QE decision | BOE QE decision : BOJ QE decision
Mean equation
0.00071%** 0.0000 0.00071%** 0.0000
Constant FE TS S S S St ST SRRPORRPPI
(0.0000) (0.0000) (0.000) (0.0000)
. 0.0004 0.0014%** 0.0004* 0.0013%**
Bltc()lnt_l Heeererereeeroiuteteesiteeeeesrataesesatreeasbaraeesearates besreneeteenastanatesenastsaeeeseareteeeesntetetebeneeesseneeeseateteesateteenettesessteesesreteesiesrenerersrateteessrtreressereeesane
(0.0029) (0.0002) (0.0003) (0.0002)
—0.0046** —0.0057** —0.0040%* —0.0089***
Exch‘ Ratet ....................................................................................
(0.0018) (0.0023) (0.0020) (0.0020)
-0.0013 -0.0032 —-0.0032* -0.0010
S&PS00, e
(0.0015) (0.0022) (0.0017) (0.0018)
0.0017* 0.0034*** 0.0020%* 0.0035***
BEUROSTOXK 50, s
(0.0010) (0.0012) (0.0010) (0.0012)
—-0.0026** —0.0029** —-0.0026** —0.0024**
Spot Goldt ....................................................................................
: (0.0011) , (0.0012) : (0.0017) (0.0012)
0.0002 0.0001 0.0002 0.0003
Spot WTI Crudel ....................................................................................
: (0.0006) : (0.0008) : (0.0006) (0.0008)
—0.0001** 0.0000 —0.00071** —-0.0001*
Mondayt ...........................................................................................
: (0.0000) : (0.0000) : (0.0000) (0.0000)
—0.00071*** —-0.0001 —-0.0009* —-0.0001
Wednesdayt ...........................................................................................
. (0.0000) . (0.0000) . (0.0000) (0.0000)
—0.00071*** 0.0000 —0.0001 0.0000
Thursdayt ...........................................................................................
(0.0000) (0.0000) (0.0000) (0.0000)
. 0.00071%** 0.0000 —-0.0001* 0.0001**
Frldayt ...........................................................................................
(0.0000) (0.0000) (0.0000) (0.0000)
Variance equation
0.00071*** 0.00071*** 0.0001%** 0.0002%**
Constant ....................................................................................
: (0.0000) : (0.0000) : (0.001) (0.001)
0.1512%** 0.0692%** 0.1732%** 0.0732%**
ARCH ..................................................................................
: (0.0161) : (0.0064) : (0.0164) (0.0067)
0.8141%** 0.9019*** 0.7742%** 0.8993***
GARCH ..................................................................................
. (0.0095) : (0.0032) ; (0.0122) (0.0033)
. 0.0066* 0.0086*** 0.0206*** 0.0060***
QE lncreaset ...........................................................................................
(0.0037) (0.0007) (0.0013) (0.0006)
0.0185%** - - -
QE decreaset ...........................................................................................
(0.0030)
. 0.0154%** —0.0148%** - -
QE Wlthdrawall ....................................................................................
(0.0059) (0.0042)
0.0190%** 0.0051*** —0.0087*** —0.0045%**
QE no changet ...........................................................................................
(0.0028) (0.0004) (0.0030) (0.0009)
Log-likelihood : 2280.333 : 2117.727 : 2278.995 2110.138
22 26.139 68.981 25.051 14.004

Notes: Coefficients in parentheses indicate the standard errors. ***, ** and * indicate the significance level at the 1%, 5% and 10%

levels, respectively.
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presented in Table 3. In the conditional variance
equation, the intercept term (0{0) is positive and
statistically significant in all cases, indicating that
a significant time-invariant component in the re-
turn generating process. Both the ARCH parame-
ter @, and GARCH parameter 3 satisfy the non-
negativity conditions®.

A highly statistically significant negative relation-
ship between the returns of bitcoin and the includ-
ed exchange rates is observed in Table 3. Only the
ECB and BOE-based models present a significant
relationship between the returns of bitcoin, and US
stock market returns (as measured by the S&P500).
All models present significantly positive relation-
ships with European stock returns (with the excep-
tion of the BOE which is significantly negative). The
FOMC, ECB and BOJ models present significantly
negative returns with relation to spot gold prices
and there are no significant findings from the inclu-
sion of WTI in the interest rate GARCH (1.1) meth-
odology. Day of the week effects are significant only
in the US model, and show little significance in the
three remaining monetary policy models. The vari-
ance equation indicates that the FOMC decision to
increase interest rates led to a corresponding 1.60%
increase in the volatility of bitcoin - the ECB deci-
sion was insignificant (the BOE and BOJ made no
increases in interest rates during the period).

The ECB and BOJ decrease in interest rates during
the period led to a corresponding decrease of 0.15%
and 2.73% in volatility, respectively. There are mul-
tiple occasions in which a decision not to change
rates was taken in each of the four jurisdictions.
The most substantial finding states that there wasa
significant volatility impact from FOMC and ECB
rate decisions, indicating that bitcoin returns were
indeed influenced by the decisions of international

policy makers. Returns volatility in the period fol-
lowing interest rate announcements increased by
1.89% (in the case of FOMC decisions) and 0.75%
(ECB decisions). The BOE and BOJ volatility esti-
mates in this regard are insignificant.

All quantitative easing announcements by the four
central banks in our sample are found to have a sig-
nificant effect up on the return volatility of bitcoin.
An increase in quantitative easing had a strong,
significantly positive impact on return volatil-
ity. FOMC decisions increased volatility by 0.66%,
ECB decisions by 0.86%, BOJ decisions by 0.60%
and BOE decisions to implement quantitative eas-
ing increased return volatility by 2.06% after be-
ing controlled for international effects. The FOMC
was the only policy board to decrease quantitative
easing, without withdrawal, which led to a signifi-
cant decrease in bitcoin returns volatility of 1.48%.
Both the FOMC and ECB announced policies to
withdraw their quantitative easing programes
leading to significant impacts in both cases — the
FOMC decision led to a 1.54% increase in volatility,
while the ECB announcement led to a significant
volatility reduction of 1.48%. In addition to actual
changes in quantitative easing, we include scenar-
ios in which a central bank specifically mentioned
that QE was being considered as an option, as this
remains a significant departure from standard
monetary policy. In these situation, the FOMC
and ECB announcements increased volatility by
1.90% and 0.51%, respectively, while BOE and BOJ
statements led to a decrease in volatility of 0.87%
and 0.45%, respectively. These results provide fur-
ther evidence of monetary policy announcements
generating significant return volatility effects for
bitcoin, echoing the sentiments of Rangel (2010)
with regard to broader macroeconomic variables
generating volatility changes in cryptocurrencies.

CONCLUSION

This study examines the effects of monetary policy decisions made by the FOMC, ECB, BOE and BOJ
on bitcoin returns by employing both OLS and GARCH estimation models. Application of time-varying
risk models also enabled us to introduce volatility of exchange rates, stock markets and commodities, (in
the form of spot gold and spot WTT prices) into the cryptocurrency return volatility generating process.

10  The GARCH parameter is significantly greater that the ARCH, implying that the volatility of each European stock index is more sensitive
to its own lagged values than to new surprises (the effects of a previous period’s forecast variance are more persistent). The sum of the ¢,

and
of volatility decays at a slower rate.
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parameters are close to unity in all cases, indicating that shocks to bitcoin returns have highly persistent effects and the response
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Using a GARCH (1.1) methodology, we find evidence of significant return volatility, generated both by
decisions to adjust interest rates and to introduce quantitative easing made by the central banks of the
US, EU, UK and Japan. Quantitative easing decisions are found to have generated the most significant
influence. FOMC interest rate increases led to a significantly positive increase in bitcoin volatility, while
reductions in ECB and BOJ interest rates corresponded with reduced levels of bitcoin volatility. All QE
announcements made by the four central banks had a strong significantly positive effect on bitcoin re-
turns volatility.

The finding that bitcoin volatility is influenced by both interest rate adjustments and QE announce-
ments is somewhat surprising, and has a number of implications for a supposedly decentralized cur-
rency. While the nature and workings of bitcoin are decentralized and free from government influence,
our findings suggest that the digital asset itself is not completely independent of government actions
and, in its current state, remains vulnerable to policy announcements. This finding holds a number of
implications both for bitcoin users, and for investors using bitcoin as a diversification tool (Briére et al.,
2015). In addition, our results contribute to the ongoing debate regarding the classification of bitcoin as
a particular asset class. Our findings suggest that bitcoin shares a number of characteristics with both
currency pairs, and commodities such as gold, adding further weight to the suggestion of Dyhrberg
(2016) that bitcoin is in itself a unique asset class, falling somewhere between a traditional store-of-value
asset (such as gold) and an actual currency (US dollars).
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