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Abstract
This paper explores the financial asset capabilities of bitcoin using GARCH models. The initial
model showed several similarities to gold and the dollar indicating hedging capabilities and
advantages as a medium of exchange. The asymmetric GARCH showed that bitcoin may be
useful in risk management and ideal for risk averse investors in anticipation of negative shocks
to the market. Overall bitcoin has a place on the financial markets and in portfolio management
as it can be classified as something in between gold and the American dollar on a scale from pure

medium of exchange advantages to pure store of value advantages.
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1. Introduction

The market for virtual currencies has grown immensely since 2008 in terms of the number of new
currencies as well as the consumer base and transaction frequency. Taking into account that no
virtual currency existed outside of online gaming communities, this development is extraordinary.
However the disruption caused in the monetary market poses great challenges and opportunities
to policy makers, economists and entrepreneurs. The development also forces stakeholders to
challenge the fundamental idea of what abilities money should have. Analysis has to originate with
classifying what kind of financial asset bitcoin is, as it will indicate what role it has on the market.
This paper focusses on this core question. By classifying bitcoin, one will get a sense of what
capabilities it might have in the market for risk management and portfolio analysis. Additionally

it will remove some of the widespread mystery surrounding the cryptocurrency.

Due to the advantages of bitcoin, legislators and economists have been eager to define what bitcoin
is in an economic context. Is it a currency or a commodity? How is it different from cryptographic
cash (Chaum, 1983) and other virtual currencies (European Central Bank, 2015)? Glaser et al.
(2014) asked this question where they focused on the ability of bitcoin as a medium of exchange.
Bitcoin is fairly liquid as one can exchange any currency for bitcoin at any time, but due to its
scarcity it has liquidity limitations like other commaodities. Furthermore Bohme et al. (2015) found
that transactions could be delayed for up to an hour which greatly diminishes the liquidity
possibilities. However, the bitcoin protocol does not restrict transfers due to watch-lists or
embargoed countries as the identities of its users are not known. This gives bitcoin an immense
flexibility and speed of international transfer compared to other currencies managed by banks.
Glaser et al. (2014) found that the majority of users treat their bitcoin investments as speculative
assets rather than as a means of payment. Therefore bitcoin may be mostly useful as an asset rather

than a currency

Generally economists have compared bitcoin to gold as they have many similarities. Gold has
some intrinsic value but it most likely does not justify its current market value of approximately
1,200 USD per troy ounce (Datastream). Bitcoin must have some intrinsic value if its users are
rational. Though it unlikely justify its current price of 240.5 USD per bitcoin as of June 2015



(Coindesk, 2015). Both bitcoin and gold derive most of their value from the fact that they are
scarce and costly to extract. Neither of them has a nationality or is controlled by a government.
Both assets are ‘mined’ by several independent operators and companies. Gold was used as a
medium of exchange during the gold standard but was abandoned due to liquidity problems.
Similar problems might occur for bitcoin if the user base expands further. However on certain
points gold and bitcoin are different. Gold is primarily used for its store of value abilities and for
its negative correlation with the American dollar which makes it useful for hedging. Such abilities

are not certain for bitcoin, but will be investigated.

Karl Whelan has also argued that bitcoin is similar to the dollar (Whelan, 2013). They both have
no or limited intrinsic value and are used primarily as a medium of exchange. The main difference
is that the dollar is backed by a government in which people trust, while bitcoin is a “private
money” introduced by the private sector. Therefore the supply, governance and control of the two
assets are different but the comparison is interesting as it shows which monetary abilities are

observable.

As bitcoin is difficult to define, analysing if it reacts to the same variables as the dollar and the
gold price is informative. The GARCH framework can give an indication of what elements of the
world economy bitcoin is sensitive to. This analysis will therefore suggest the economic abilities
of bitcoin in risk management, portfolio analysis and currency capabilities. Consequently the main
focus of this paper is to apply the GARCH framework popular amongst finance and asset research
to answer the question:
1. How does the return on bitcoin behave compared to the gold price and the dollar-
euro exchange rate when analysing the variance of the assets?

Essentially this research will explore if bitcoin behaves like a well-known financial asset or as
something in between a commodity and a currency by analyzing several aspects of its price

volatility. The results will also suggest if any hedging capabilities are observable.

The structure of this paper is as follows. Section 2 presents the data. The methodology is described

in Section 3. Section 4 contains the results and Section 5 concludes.



2. A First Look at the Data

Bitcoin price data is sourced from Coindesk Price Index from the 19" of July 2010 to 22" of May
2015. The explanatory variable selection is based on the research done by Tully and Lucey (2007)
who investigated the sensitivities of macroeconomic variables on the price of gold, and will include
the gold bullion USD/troy ounce rate (Gold Cash), the CMX gold futures 100 ounce rate in USD
(Gold Future), the dollar-euro and dollar-pound exchange rates and the Financial Times Stock
Exchange Index (FTSE Index). All variables have daily observations sourced from Datastream.
Additionally the federal funds rate is included and sourced from the Federal Reserve Bank of New

York with daily observations. Summery statistics can be observed in table 1.

Table 1 Summary statistics

VARIABLES N mean sd min max
Time 1,769 885 510.8 1 1,769
Price 1,769 170.3 240.1 0.0505 1,147
Ln(price) 1,769 3.145 2.687 -2.986 7.045
Federal Funds Rate 1,769 0.118 0.0388 0.0400 0.210
USD-EUR Exchange rate 1,769 1.316 0.0796 1.052 1.489
USD-GBP Exchange rate 1,769 1.591 0.0506 1.464 1.717
FTSE Index 1,769 6,150 523.4 4,944 7,104
Gold Futures 1,769 1,444 1954 1,144 1,892
Gold Cash 1,769 1,442 194.0 1,146 1,898

2.1 Stylised facts and time series properties

Figure 1 indicates that bitcoin, like other financial assets, is sensitive to certain shocks, may have
a positive time trend and shows a clear non-stationarity. The graphs therefore suggest a random
walk behaviour. The most noticeable stylised fact (Enders, 2010) is volatility variability. Every
graph in figure 2 shows periods of very high volatility and periods of relative tranquillity which is
a common feature among financial assets. This indicates that the bitcoin price is suitable for

GARCH modelling, and was thus confirmed by Engle's Lagrange multiplier test which indicated
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a strong ARCH effect in the residuals of the first differenced logged bitcoin price. DF-GLS and
KPSS tests showed a unit root and initial tests identified an AR(1) process which points to a
random walk process with no drift. The specification will thereby be the logged first differences
of the bitcoin price. Estimation is therefore done by a GARCH(1,1) with an AR(1,2) process.*

! Details are available upon request.



Figure 1 The levels of the bitcoin price, the gold bullion rate and the dollar-euro exchange rate from July 19" 2010 to May 22" 2015
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Figure 2 The first differences of the logged bitcoin price, gold bullion rate and dollar-euro exchange rate from July 19" 2010 to May 22" 2015
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3. Methodology

Two models are introduced to investigate the similarities between bitcoin, gold and the dollar.
Firsta GARCH model with explanatory variables and mean equation (1) and variance equation
(2) is estimated, as presented below.

Alnprice; = [y + Bylnprice,_, + [ylnprice,_, + f3Fed;_1 + B4USDEUR,_; +
BsUSDGBP,_1+B¢FTSE;_1 + [;Gold Future,_; + BgGoldCash;_; + & Q)

0% = exp(Ag + A;Fed,_, + A,USDEUR,_; + A;USDGBP,_; + A,FTSE,_, +
AsGoldFuture,_, + AgGoldCash,_y) + aef 1 + B,z 2)

The second model is the exponential GARCH model which investigates if the return on bitcoin
is asymmetrically affected by good and bad news (known as the leverage effect) with mean
equation (3) and variance equation (4), as presented below.

Alnpricet = BO + ﬁllnpricet_l + ﬁzFedt_l + ﬁgUSDEURt_l + ﬁ4USDGBPt_1
+fLsFTSE:_, + f¢Gold Future,_, + ;GoldCash;_, + & (3)

In(62) = Ay + A Fed,_, + A,USDEUR,_ + AsUSDGBP;_, + A,FTSE,_, + ()
AsGoldFuture;_y + AgGoldCashy_y + a(&i_1/0¢—1) + V(|€t-1/0t-1| — 1/2/7'[) +
Sln(of:1)

4. Results

The results in table 2 show no signs of a drift. This was expected given the evolution seen in
figure 1 and is similar to the findings by Capie et al. (2005) in their investigation of gold. The
variance equation indicates low convergence to the long-run equilibrium, volatility clustering
and high volatility persistence similar to gold. Past volatility effects clearly dominate past
shock effects and should be used in forecasting. The results suggest that the return on bitcoin
is more affected by the demand for bitcoin as a medium of exchange and less by temporary
shocks to the price which indicate similarities to a currency. Hammoudeh and Yuan (2008)
have similar results for gold and identified that gold was much more affected by the demand

for jewellery and recycling as it is a precious metal and not an industrial metal, and is less
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influenced by short term shocks. Therefore, it seems that bitcoin and gold have similarities
when it comes to the volatility of the return and what type of shocks are most influential, though

currency similarities were also identified.

Table 2 GARCH(1,1) Volatility persistence of the return on bitcoin with explanatory

variables with dependent variable return on bitcoin

VARIABLES Mean Variance
Equation Equation
Federal funds rater.; ~ 0.0982*** -6.801***
(0.0359) (1.127)
USD-EUR 0.0502*** 9.828***
Exchange ratet.1
(0.0190) (0.954)
USD-GBP -0.0790*** -10.04***
Exchange ratet.1
(0.0307) (1.584)
FTSE Index:-1 9.25e-06** -0.000832***
(3.74e-06) (0.000158)
Gold Futures ratet.s 0.000176 -0.0191*
(0.000177) (0.0106)
Gold Cash ratet-1 -0.000161 0.0163
(0.000178) (0.0107)
L.ar 0.0827***
(0.0307)
L2.ar -0.0222
(0.0269)
L.arch a 0.327***
(0.0214)
L.garch g8 0.636***
(0.0159)
Constant -0.0291 4.930***
(0.0488) (1.620)
Observations 1,768 1,768

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Looking at the explanatory variables a number of points are of interest. In the mean equation
the coefficient on the federal funds rate suggest that when the federal funds rate increase and
the American dollar appreciates, imports will increase and it is therefore likely that online

purchases will increase. As bitcoin is particularly useful for international online trade, demand



for bitcoin will increase which will in turn increase returns on bitcoin investments. This result

highlights the advantages of bitcoin as a medium of exchange, and its currency similarity.

The coefficients on the exchange rates suggest that bitcoin returns are more sensitive to the
value of the dollar relative to the pound, than to value of the dollar relative to the euro.
Therefore regional or country specific effects are present. The results are quite similar to
previous gold research (Tully and Lucey, 2007), and show that Bitcoin may also be useful in
hedging against the dollar. The coefficient on the Financial Times Stock Exchange Index
suggests that a positive shock to the stock market may make investors more risk seeking and

invest in alternative assets like bitcoin.

The variance equation shows that a positive volatility shock to the dollar-sterling exchange rate
decreases the variance of the bitcoin returns which may indicate that bitcoin is a relatively safe
asset in such a situation. This result points to additional risk management capabilities of the
bitcoin. Based on the coefficient on the federal funds rate one can argue that the bitcoin return
will have a lower volatility than the dollar when there is a positive volatility shock to the federal
funds rate. Therefore bitcoin may have some risk management capabilities against the dollar
similar to what researchers found for gold (Capie et al. 2005). However the extent of these
capabilities depends on the previous volatility levels of bitcoin and the dollar. The FTSE Index
coefficient points to hedging capabilities of bitcoin against stocks on the London Stock

Exchange.

Generally it seems that when there are positive volatility shocks to the variables, with the
exception of the dollar-euro exchange rate, the volatility of the returns on bitcoin decrease.
This indicates that bitcoin might be preferable for risk averse investors in such instances.
Similar results were not however found by Tully and Lucey (2007) as the variance of bitcoin
is determined by external factors, and not by endogenous factors like gold, because its value is

purely driven by market forces and it lacks a high intrinsic value.

Overall these results indicate that the returns to bitcoin act similarly to an exchange rate due to
its sensitivity to the federal funds rate and medium of exchange characteristics. However as

discussed, the return on bitcoin has several similarities to gold as seen in its response to



exchange rates and its large volatility persistence. Therefore bitcoin may be somewhere in

between a currency and a commodity.

4.1 The exponential GARCH model

How bitcoin reacts to good and bad news will suggest its level of sensitivity and indicate how

investors react to events. The exponential GARCH model shown in Table 3 explores these

effects.

Table 3 Exponential GARCH(1, 1) dependent variable return on bitcoin

VARIABLES Mean Variance
Equation Equation
Federal funds rater.; ~ 0.0988*** -0.978***
(0.0338) (0.230)
USD-EUR 0.0505*** 1.813***
Exchange ratet.1
(0.0181) (0.191)
USD-GBP -0.0844*** -1.914%***
Exchange ratet.1
(0.0300) (0.287)
FTSE Indext-1 9.21e-06** -0.000120***
(3.66e-06) (2.88e-05)
Gold Futures ratet.1 0.000160 -0.00727***
(0.000162) (0.00209)
Gold Cash ratet.1 -0.000143 0.00685***
(0.000163) (0.00211)
L.ar 0.100***
(0.0297)
L.earch a 0.00776
(0.0154)
L.earch_ ay 0.545***
(0.0252)
L.egarch 0.834***
(0.00982)
Constant -0.0233 1.203***
(0.0442) (0.310)
Observations 1,768 1,768

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

The dominance of the gamma coefficient shows that good and bad news does not have an

asymmetric impact on the volatility of the bitcoin returns, similar to gold (Hammoudeh and
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Yuan, 2008). The explanatory variables have similar values as in the previous GARCH model,
and thus support the initial analysis. As positive and negative shocks do not affect the bitcoin
returns and gold asymmetrically, one would be able to use bitcoin or gold to hedge market
risks, which affect other assets asymmetrically. Additionally as there is no significant leverage

effect bitcoin is a good investment in anticipation of bad news for risk averse investors.

5. Conclusion

The analysis shows that bitcoin has many similarities to both gold and the dollar. Medium of
exchange characteristics are clear and bitcoin reacts significantly to the federal funds rate which
points to bitcoin acting like a currency. However as bitcoin is both decentralized and largely
unregulated it will never behave exactly like the currencies on the market today. Most aspects
of bitcoin are similar to gold as they react to similar variables in the GARCH model, possess
similar hedging capabilities and react symmetrically to good and bad news. However the
frequency may be higher for bitcoin as trading is faster and reactions to market sentiment are
quick. The overall result suggests that bitcoin is somewhere in between a currency and a
commodity due to its decentralized nature and limited market size. However this does not mean
that bitcoin is less useful than current assets on the market. On the contrary, this classification
suggests that individuals in portfolio management and market analysis can get a more detailed
view of the market by including bitcoin which enables them to make more informed decisions
and gain another instrument in hedging. Additionally bitcoin can be used as a tool for risk
averse investors in anticipation of bad news. Therefore bitcoin’s position on the market would
be between gold and the dollar on a scale with one extreme being pure store of value benefits
and the other extreme being pure medium of exchange advantages. This result suggests that
bitcoin can combine some of the advantages of both commodities and currencies in the
financial markets and therefore be a useful tool for portfolio management, risk analysis and

market sentiment analysis.

10



References

Bohme, R., Christin, N., Edelman, B., Moore, M. (2015) “Bitcoin: Economic, Technology
and Governance.” Journal of Economic Perspectives. vol 29(2), p. 213-238.

Capie, F., Mills, T.C., Wood, G. (2005). “Gold as a Hedge against the dollar.” Journal of
International Financial Markets, Institutions and Money vol. 15(4), p. 343-352.

Chaum, David. (1983) “Blind Signatures for Untraceable Payments.” Advances in
Cryptology, edited by D. Chaum, R. L. Rivest, and A. T. Sherman, 199-203. Springer.

Coindesk (2015). “Bitcoin Price Index” URL: http://www.coindesk.com/price/bitcoin-price-
index/ Accessed May 2015.

Enders, W. (2010) “Applied Econometric Time Series” Wiley.

European Central Bank (2012) “Virtual Currency Schemes.” Technical Report. URL.:
https://www.ecb.europa.eu/pub/pdf/other/virtualcurrencyschemes201210en.pdf

Glaser, F., Haferhorn, M., Weber, M. C., Zimmarmann, K., Siering, M. b (2014) “Bitcoin —
Asset or Currency? Revealing Users’ Hidden Intentions.” ECIS 2014 Tel Aviv.

Hammoudeh, S., Yuan, Y. (2008) “Metal Volatility in Presence of Oil and Interest Rate
Shocks,” Energy Economics, vol. 30, p. 606-20.

Tully, E., Lucey, B. (2007) “A power GARCH examination of the gold market.” Research in
International Business and Finance. vol. 21 (2), p. 316-325.

Whelan, K. (2013) “How Is Bitcoin Different From The Dollar?” Forbes. URL:
http://www.forbes.com/sites/karlwhelan/2013/11/19/how-is-bitcoin-different-from-the-dollar/

11


http://www.coindesk.com/price/bitcoin-price-index/
http://www.coindesk.com/price/bitcoin-price-index/
https://www.ecb.europa.eu/pub/pdf/other/virtualcurrencyschemes201210en.pdf

UCD CENTRE FOR ECONOMIC RESEARCH — RECENT WORKING PAPERS

WP14/18 Morgan Kelly and Cormac O Grada: 'Ready for Revolution? The English
Economy before 1800' November 2014

WP14/19 Johannes Becker, Ronald B Davies and Gitte Jakobs: 'The Economics of
Advance Pricing Agreements' November 2014

WP14/20 David Madden: 'Bridging the Gaps: Inequalities in Childrens' Educational
Outcomes in Ireland ' November 2014

WP14/21 Ronald B Davies, Julien Martin, Mathieu Parenti and Farid Toubal:
'Knocking on Tax Haven’s Door: Multinational Firms and Transfer Pricing’
December 2014

WP15/01 Ronald B Davies, Benjamin H Liebman and Kasaundra Tomlin: 'I've
Been Everywhere (Except Mexico): Investor Responses to NAFTA’s Cross-Border
Trucking Provisions' January 2015

WP15/02 David Madden and Michael Savage: "Which Households Matter Most?
Capturing Equity Considerations in Tax Reform via Generalised Social Marginal
Welfare Weights' February 2015

WP15/03 Ronald B Davies, Rodolphe Desbordes and Anna Ray: 'Greenfield versus
Merger & Acquisition FDI: Same Wine, Different Bottles?' February 2015
WP15/04 David Candon: 'Are Cancer Survivors who are Eligible for Social Security
More Likely to Retire than Healthy Workers? Evidence from Difference-in-
Differences' February 2015

WP15/05 Morgan Kelly and Cormac O Grada: '‘Adam Smith, Watch Prices, and the
Industrial Revolution® March 2015

WP15/06 Kevin Denny: Has Subjective General Health Declined with the
Economic Crisis? A Comparison across European Countries' March 2015
WP15/07 David Candon: 'The Effect of Cancer on the Employment of Older Males:
Attenuating Selection Bias using a High Risk Sample' March 2015

WP15/08 Kieran McQuinn and Karl Whelan: 'Europe's Long-Term Growth
Prospects: With and Without Structural Reforms' March 2015

WP15/09 Sandra E Black, Paul J Devereux, Petter Lundborg and Kaveh Majlesi:
‘Learning to Take Risks? The Effect of Education on Risk-Taking in Financial
Markets' April 2015

WP15/10 Morgan Kelly and Cormac O Grada: 'Why Ireland Starved after Three
Decades: The Great Famine in Cross-Section Reconsidered’ April 2015

WP15/11 Orla Doyle, Nick Fitzpatrick, Judy Lovett and Caroline Rawdon: 'Early
intervention and child health: Evidence from a Dublin-based randomized
controlled trial' April 2015

WP15/12 Ragnhild Balsvik and Stefanie A Haller: 'Ownership Change and its
Implications for the Match between the Plant and its Workers' May 2015
WP15/13 Cormac O Grada: 'Famine in Ireland, 1300-1900' May 2015

WP15/14 Cormac O Grada: "Cast back into the Dark Ages of Medicine’? The
Challenge of Antimicrobial Resistance' May 2015

WP15/15 Sandra E Black, Paul J Devereux and Kjell G Salvanes: "Healthy(?),
Wealthy, and Wise - Birth Order and Adult Health" July 2015

WP15/16 Sandra E Black, Paul J Devereux, Petter Lundborg and Kaveh Majlesi:
"Poor Little Rich Kids? - The Determinants of the Intergenerational Transmission
of Wealth" July 2015

WP15/17 Sandra E Black, Paul J Devereux, Petter Lundborg and Kaveh Majlesi:
"On The Origins of Risk-Taking" July 2015

WP15/18 Vincent Hogan and Patrick Massey: 'Teams’ Reponses to Changed
Incentives: Evidence from Rugby’s Six Nations Championship' September 2015
WP15/19 Johannes Becker and Ronald B Davies: 'Learning to Tax -
Interjurisdictional Tax Competition under Incomplete Information' October 2015

UCD Centre for Economic Research Email economics@ucd.ie



http://www.ucd.ie/t4cms/WP14_18.pdf
http://www.ucd.ie/t4cms/WP14_19.pdf
http://www.ucd.ie/t4cms/WP14_20.pdf
http://www.ucd.ie/t4cms/WP14_21.pdf
http://www.ucd.ie/t4cms/WP15_01.pdf
http://www.ucd.ie/t4cms/WP15_02.pdf
http://www.ucd.ie/t4cms/WP15_03.pdf
http://www.ucd.ie/t4cms/WP15_04.pdf
http://www.ucd.ie/t4cms/WP15_05.pdf
http://www.ucd.ie/t4cms/WP15_06.pdf
http://www.ucd.ie/t4cms/WP15_07.pdf
http://www.ucd.ie/t4cms/WP15_08.pdf
http://www.ucd.ie/t4cms/WP15_09.pdf
http://www.ucd.ie/t4cms/WP15_10.pdf
http://www.ucd.ie/t4cms/WP15_11.pdf
http://www.ucd.ie/t4cms/WP15_12.pdf
http://www.ucd.ie/t4cms/WP15_13.pdf
http://www.ucd.ie/t4cms/WP15_14.pdf
http://www.ucd.ie/t4cms/WP15_15.pdf
http://www.ucd.ie/t4cms/WP15_16.pdf
http://www.ucd.ie/t4cms/WP15_17.pdf
http://www.ucd.ie/t4cms/WP15_18.pdf
https://www.ucd.ie/t4cms/WP15_19.pdf
mailto:economics@ucd.ie



