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Abstract  

This paper examines the relationship between virtual currency, the Bitcoin, and the real 

economy. In the first part the description of the term virtual currency is provided with 

special focus on Bitcoin. Also the legal and taxation issues are discussed. In the main 

part the volatility of Bitcoin is inspected using various models from Autoregressive 

heteroskedasticity models family. We found that the volatility of Bitcoin differs 

significantly through time and that this relation is captured best by T-GARCH (1,1) 

model. Finally the relationship between Bitcoin and real economy indicators is observed 

to be inconsistent and mostly insignificant in time. Thus we conclude that the 

independency of Bitcoin cannot be rejected. 

 
JEL Classification C22, E42, K34, L17  

Keywords Bitcoin, virtual currencies, structural breaks, 

ARCH models 

  

Author’s e-mail  safka.jiri@seznam.cz  

Supervisor’s e-mail vacek@fsv.cuni.cz 

 

 

  



   
 

Abstrakt  

Práce zkoumá vztah mezi virtuální měnou zvanou Bitcoin a reálnou ekonomikou. V 

první části je uveden popis termínu virtuální měna se speciálním důrazem na Bitcoin. V 

této části je také diskutována hlavní právní a daňová problematika spojená s virtuálními 

měnami. V hlavní části práce zkoumáme volatilitu Bitcoinu s použitím rozličných 

modelů z rodiny modelů zkoumajících autoregresivní heteroskedasticitu. Zjistili jsme, že 

volatilita Bitcoinu se významně mění v čase a že tento vztah nejlépe zachycuje model T-

GARCH (1,1). V poslední části zjišťujeme, že vztah mezi Bitcoinem a indikátory reálné 

ekonomiky je v čase nekonzistentní a převážně statisticky nevýznamný. Vyvozujeme z 

toho tedy, že nezávislost Bitcoinu nemůžu být zamítnuta.  
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1 The world of virtual currencies and the 
Bitcoin in particular 

Bitcoin and other so called virtual currencies are phenomena of the present. The 

popularity they are receiving in the media is enormous and their use is spreading around 

the world. The market capitalization of Bitcoin alone has reached almost 14 billion USD 

in December 20131 and yet the countries around the world cannot agree on its 

specification. Bitcoin is considered to be a currency in some countries, an asset or a 

commodity in others. In the first part of this paper the focus is put on the description of 

the term “virtual currency” and of Bitcoin in particular as the most important 

representative. We outline the basics of Bitcoin mining and the payment system as whole 

with all its advantages and disadvantages. 

1.1 Virtual currencies 

The money is subjected to a continuous evolution. From the time when animal tusks and 

salt lumps were used as the first media of exchange through the first minted coins, 

commodity backed banknotes till the use of fiat money the shape of the money has 

changed more than once and all these changes were for the sake of convenience. Animal 

hides were lighter and easier to manipulate with than mammoth tusks, golden coins were 

smaller than animal hides and eventually even those had to make space for light and 

foldable paper.  

However, the question is where should the evolution of money proceed then? 

What can be lighter and easier to manipulate with than paper? How heavy are twenty 

bites, which are needed to write 1 000 000 in a binary number? The intangible money, 

which can eventually be represented by nothing more than a matchbox size piece of 

plastic, is the current step in the evolution of the money. And yet, even though the 

electronic money exists for roughly 50 years and its widespread use is even shorter, new 

                                                 
1 http://blockchain.info/charts/market-cap 
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form of money is entering the market. These are so called virtual or digital currencies - 

currencies, because their sole purpose is to serve as money, and virtual as the natural 

environment of their use is “virtual” community, e.g. “…a place within cyberspace 

where individuals interact and follow mutual interests or goals” (European Central Bank, 

2012). 

Even though the terms virtual currency and digital currency are often considered 

synonymous, this is not strictly speaking true. Virtual currency is a type of currency used 

in any sort of virtual space, such as trading communities (e-gold), social networks 

(Facebook credits) or massive multiplayer games (World of Warcraft, Diablo). However 

only those that overlap the original virtual space they have been created for or have never 

been intended for one particular virtual space can be considered as digital currencies. 

These are not linked to any specific virtual community and can be used for various 

purposes. However, in the following text we will be using both terms as synonymous. 

1.2 Cryptocurrencies and Bitcoin 

Various virtual currencies have been created in past 20 years (with e-gold in 1996 being 

the first significant with its 5 million users) yet not all were able to survive till today. 

Before Bitcoin there was none which would have broken through the limits of the virtual 

community for which it was created and become a digital currency. Amongst many other 

reasons this was also caused by technical imperfections. It was actually Bitcoin that 

became the first digital cryptocurrency. 

The name cryptocurrency stems from the use of cryptography for securitization 

of the digital currency. This is not the specialty of digital currencies, as cryptography is 

the cornerstone of every payment system used for the transfers of electronic money. 

However, in the case of cryptocurrencies the cryptography is also used for the creation of 

the currency itself.  

The currency is created, or “mined”, by spending computing power and as a 

consequence electrical energy to perform transactions of the currency between each set 

of two parties. All new transactions between a payer and a payee are broadcasted via 
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peer-to-peer network to every connected mining “node” (= computer connected to the 

network of the cryptocurrency with mining software installed and running). Every single 

node then collects all the transactions available at a given point of time and puts them 

into a transaction block with two loose cryptographic keys attached (the amount of 

transactions in one particular block can vary from node to node). Each node is then 

trying to find a solution to a cryptographic problem of how to connect its new block’s 

loose key to an existing chain of blocks of transactions faster than the rest of the nodes. 

When a solution is found, the node publishes the solution to the whole peer-to-peer 

network to find out whether it was the fastest solution. If this is confirmed by majority of 

the nodes in the network, the block is attached to the chain, its other loose key becomes 

loose key of the block (to which new block has to be attached) and all the nodes start 

again with all the transactions that have not been yet connected to the chain. Also, the 

miner is awarded a fixed sum of currency for the effort plus a transaction fee from every 

transaction which has been performed in this block. This principle of how the 

cryptocurrency is being mined and transferred was first introduced by Satoshi Nakamoto 

on the case of Bitcoin. (Nakamoto, 2012) 

There are four main advantages in this way of functionality of Bitcoin compared 

to the fiat currencies. Firstly, there is no central authority needed for the transaction or 

securitization of Bitcoins as the network of Bitcoin miners and users is based on the 

“peer-to-peer” basis mentioned before. In this setup every node connected to the network 

has access to information about all the transactions that are being performed using the 

currency. However this information contains only public keys, which in their substance 

are usable only for the transaction itself. This means that the physical payer or payee (a 

person) concerned in any of the transactions cannot be identified, unless she decides to 

do so by publishing her private key of the transaction. 

This also means that the cryptocurrency network cannot be brought down simply 

by shutting down some main server or by a hacker attack. Even if all the nodes would be 

shut down except for one, the functionality of the currency would not be compromised 

and could be restored. 
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The second advantage is that there is no need for a central authority to regulate or 

mint the currency. As all the nodes are connected to the same network, they have access 

to the same amount of information. This set of information consists of the “block chain” 

which is an array of all the blocks containing all past transactions which have been 

previously successfully connected by solving the cryptographic problem; and of all 

transactions waiting to be executed. When a solution of connecting a new block of 

transactions is found, the majority of the network has to evaluate the verity of this 

solution, otherwise the block will not be added to the block chain and the network will be 

awaiting another solution from a different node. Thus the whole network functions as a 

controlling entity of authenticity of every single Bitcoin transferred.  

The third advantage is impossibility of unexpected increase of the supply of 

Bitcoins in the market. As previously mentioned, Bitcoins are created by executing the 

transactions by finding a solution for a block connection problem. The fixed amount of 

Bitcoins awarded for this is given by the total amount of 21 000 000 Bitcoins that can 

ever be mined, 6 blocks connected in an hour and the half-life of the mining, which is 4 

years. In the first four years, 2009 - 2012, 10 500 000 Bitcoins have been mined with 50 

Bitcoins being the reward for each block. In the period of 2013 – 2016 the reward is 25 

Bitcoins with total number of Bitcoins in circulation at the end of this period being 

15 750 000.2 These parameters are hard-coded into the mining clients of every node and 

cannot be changed. This also means that at every single point of time the current amount 

of Bitcoins in circulation is predetermined.  

                                                 
2 https://en.bitcoin.it/wiki/Controlled_Currency_Supply 
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Figure 1 – Total projected amount of Bitcoins through time.  

Source: www.wikipedia.org 

The fourth advantage of Bitcoin is the reduction of transaction time. Nowadays, 

the financial institutions have a technical background to execute every money transaction 

in less than an hour and yet this time is generally counted in days. However, in the case 

of Bitcoin the time needed to perform a transaction is roughly 10 minutes; that is 

approximately how long it takes to find a solution to connecting a new block of 

transactions to the existing block chain. When the time needed for this gets substantially 

lower due to increased global computational power dedicated to Bitcoin mining, the peer 

to peer network of clients automatically increases a parameter of difficulty of the block 

connection problem (it sets up an artificial difficulty threshold and decides not to use 

some of the easier solutions offered) so that the total award for mining does not exceed 

the predetermined amount and the speed of executing the transactions remains roughly 

constant. 
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Figure 2 – Average time needed to execute a transaction. Year 2013 

Source: www.blockchain.info  

1.3 The security and double-spending of Bitcoin  

The lack of central emitting and regulatory authority has twofold effect on the 

nature of Bitcoin. As it was mentioned before, the amount of Bitcoins in the world is 

precisely known at any point of time which brings stability to its system. However, 

concerns have been raised about quality of securitization of the Bitcoin network. Any 

computer network can be a subject of a digital attack of hackers, who might be able to 

duplicate or double-spend the currency.  

This is not strictly speaking true, as any network which is to be attacked by 

hackers has to have central servers which would be attacked. In the case of peer to peer 

network, where no central authority/server exists, a successful attack would mean that 

more than a half of nodes currently connected to the network would have to be attacked 

simultaneously. In other words Bitcoins can be double-spent or duplicated only if a 

majority of the nodes approve a block where Bitcoins are double-spent. Yet with rapidly 

growing amount of connected nodes this is more than improbable. 
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Figure 3 – Computational power of Bitcoin network as a proxy to the number of 
Bitcoin miners. Year 2013 

Source: www.blockchain.info 

1.4 Economic definition of Bitcoin 

Bitcoin was originally created as a substitute for national currencies. This implies that it 

should be considered to fulfill the definition of money despite its very special nature. 

Mankiw (2008) specifies three purposes of money: a store of value, a unit of account and 

a medium of exchange. Bitcoin satisfies all three of them. It can serve as a store of value, 

even though currently a very imperfect one - the value of one Bitcoin is extremely 

volatile to be an effective value repository; despite the fact that in the time of crisis it can 

prove to be trusted more than national or supranational currencies, such as Euro in 

Cyprus. Bitcoin has no expiration date as it does not lose quality over time, so it might 

easily serve as a reliable store of value when the variation of its price decreases. 

Second part of money definition is function as a unit of account. There are no 

difficulties here as the information about current value of one Bitcoin is public and easily 

available. The only difficulty here is again the variation of its price due to the menu 

costs. For the sake of the case when price of one Bitcoin would climb too high and it 

couldn’t be lowered by emitting more Bitcoins (which is impossible due to the basic 

principle of Bitcoin), all the Bitcoin-related systems are working with 8 decimal 
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numbers. With upper limit of 21 million Bitcoins this means that there will be 2.1x1015 

units in the Bitcoin system. That is roughly 30times more than gross world product in 

2012 in US dollars.3 Strictly theoretically speaking, if Bitcoins were to completely 

replace American dollars of which there are 1.23 trillion in circulation at the end of 

December 20134 and keep the same value of total currency, one Bitcoin would be worth 

roughly 58 thousand dollars. 

Concerning the third function of money, a medium of exchange, there is no doubt 

that Bitcoins have this function. According to spend.bitcoins.com there are 1610 physical 

places as of the end of December 2013 where Bitcoin is accepted as a form of payment.5 

Coinmap.org, interactive map of the Bitcoin accepting venues shows at the same time 

2044 physical locations where Bitcoin is accepted; 27 of them are located in Czech 

Republic. 

By fulfilling these three definitions Bitcoin can be considered to be money. Even 

though it is not yet being used as much as fiat currencies, the number of places where 

Bitcoins can be spent is growing every day strengthening the position of Bitcoin as 

money.  

However, it has also been argued that Bitcoin could better be defined as a 

commodity (Trading Titan Blog, 2012). According to Ballentine’s law dictionary  

commodity is: “A useful thing; an article of commerce; a movable and tangible thing 

produced or used as the subject of barter or sale.” (Anderson, 1969) The core of the 

argument whether or not Bitcoin is commodity is its tangibility. There is no common 

physical form of Bitcoin, even though anyone can mint a coin with a private key which 

represents value in Bitcoins on it.6 So the discussion shrinks to the polemics whether a 

magnetic record created on a HDD of a computer where Bitcoins are recorded is tangible 

enough to be considered a commodity.  

                                                 
3 https://www.cia.gov/library/publications/the-world-factbook/geos/xx.html 
4 http://www.federalreserve.gov/faqs/currency_12773.htm 
5 https://www.spendbitcoins.com/places/ 
6 https://www.casascius.com/ 
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Grinberg (2011) explains what Bitcoin has in common with commodities and its 

similarity to securities and argues that similarly to securities Bitcoin is intangible defying 

the definition of commodity: 

“Owning a Bitcoin gives one only rights to use the Bitcoin in any way one sees fit 

and to sell or make contracts involving that Bitcoin. Similarly, one who owns, say, corn, 

has only the right to use the corn (by, e.g., making corn-on-the-cob or processing it into 

biofuel) or to sell the corn or make contracts involving that corn. Securities, on the other 

hand, have a feature that commodities do not have: they confer a claim on some other 

entity. In these ways, Bitcoin is like corn and any other commodity. However, decisions 

explaining why commodities are not securities have also noted that commodities are 

“tangible” and have “inherent value,” unlike securities. Bitcoins are not “tangible,” 

and one may argue that by design they have no inherent value because there is no 

government or commodity backing them. Furthermore, just as one generally cannot 

“use” a security — except by buying, selling, or pledging it—one cannot “use” a Bitcoin 

except by buying, selling, or pledging.” (Grinberg, 2011)  

The author’s opinion is that the physical records of Bitcoins cannot be considered 

as basis of commodity. If it was to be considered a commodity, there would have to be a 

physical way of dividing the Bitcoins amount. E.g. if we would have 10 Bitcoins in our 

wallet stored on a flash disk, we would expect to have a chance to physically break the 

flash disk in half making it effectively two disks with 5 Bitcoins on them. More 

generally we think that Bitcoin cannot be clearly defined in terms of present asset types. 

Even though it arguably does fulfill the necessary attributes of money its acceptance is 

still not widespread enough. However, it cannot be considered to be a commodity either 

as its only function is to represent some value and apart from that it has no other use. The 

standpoint of Finland, which will be described in further sections, seems to capture the 

best the nature of Bitcoin as of now, however, it might change in the future if Bitcoin 

becomes more widespread and its value will become less volatile.  
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2 Literature review 

There is generally a small amount of economic papers written on the subject of Bitcoin, 

with most of them being written in late 2013. Graf (2013) inspects history of monetary 

evolution resulting into the genesis of Bitcoin. He describes how the value of a Bitcoin 

was first determined and the progression of its use. This work follows series of articles 

concerning monetary aspects of Bitcoin written previously. 

 Šurda (2012) argues whether Bitcoin can evolve into form of money which could 

be alternative to the fiat currencies or gold. Viewing from Austrian school point of view 

he points out Bitcoin’s superiority to fiat currency and gold in low transaction costs and 

inelastic supply. Šurda (2012) empirically inspects the price data of Bitcoin from January 

2009 to November 2012 to find connection between liquidity and volatility of Bitcoin.  

The negative correlation he finds reinforces his view of Bitcoin as medium of exchange. 

The relationship between price of Bitcoin and search queries on Google and 

Wikipedia has been reviewed and econometrically tested by Krištoufek (2013). He 

points out the fact that there is no underlying asset behind Bitcoin and no connection to 

any sovereign. His econometric models show very strong bidirectional relationship 

between searches and price of Bitcoin, concluding that this shows that the price of a 

Bitcoin is subject to nothing else but speculation and trend chasing. (Kristoufek, 2013) 

 Roio (2013) identifies two important political and sociological events 

determining the price of Bitcoin. First was the financial blockade of Wikileaks on the 7th 

of December 2010, which effectively made donations using Visa or MasterCard 

impossible. This was followed by sharp increase of Bitcoin price from $0.22 at this time 

and peaking at $1.06 on the 12th of February, crossing the 1 dollar threshold for the first 

time. 

The second event presumably started the first Bitcoin bubble. It was a publishing 

of a first article on Bitcoin in Forbes on the 9th May 2011. On this day MtGox was 

closing at $3.80 per one Bitcoin; the price doubled in next five days, when it closed at 
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$7.86. The bubble peaked on the 9th of June of the same year, closing at $29.58 per one 

Bitcoin (Roio, 2013). 

The taxation issues of Bitcoin are explored by Marian (2013). He argues that 

cryptocurrencies, such as Bitcoin, could be used as a different approach to tax-evasion 

and replace tax-havens eventually. He further states that governments are not seeing the 

true graveness of this issue. They might prove to be too inflexible to accommodate to the 

approach of the digital currencies in terms of their legislative. 

Brito & Castillo (2013) explore the general benefits and caveats of Bitcoin. They 

argue that high volatility of Bitcoin is not a problem as long as the main usage of Bitcoin 

is not storage of value or unit of account. Low transaction costs accompanied with usage 

of Bitcoin overcome the inconvenience with following of current price on the exchanges. 

This inconvenience can be bypassed completely by quoting the value of goods in fiat 

currency and then paying in Bitcoins according to current exchange rates. As 

transactions are executed almost immediately, exchange rate risk diminishes rapidly. 

They also suggest that volatility of Bitcoin is most likely to decrease in future as Bitcoin 

and its schemes will become more familiar to public and more realistic expectations will 

be developed by public. (Brito & Castillo, 2013) 

In the same paper (Brito & Castillo, 2013) the authors also approach regulatory 

issues noting that emergence of Bitcoin was as unexpected for policymakers as was VoIP 

(Voice over Internet Protocol) in the near past. They expect unequal treatment of Bitcoin 

in legislatives of different countries as Bitcoin generally complies with definitions of 

commodity, electronic payment system and currency. Specifically they point out legality 

of Bitcoin as currency in the USA. Finally they introduce a few recommendations to 

policymakers on how to approach regulation and future development of Bitcoin. (Brito & 

Castillo, 2013) 

 Kaplanov (2012) approaches the problems of regulations a year before Brito & 

Castillo (2013), in the times when Bitcoin was not a hot topic yet. He describes the 

nature of Bitcoin and strongly encourages judges and policymakers to become familiar 

with the Bitcoin technology. He proposes the same for law enforcers as an answer to 
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money laundering issues. He points out that when correctly understood the Bitcoin 

scheme (more specifically the block chain) can help to discover the illegal activities 

Bitcoin is being used for. Kaplanov (2012) also stresses that understanding Bitcoin and 

flexibly adapt the legislative could avoid problems which could arise by its prohibition. 

Eyal & Sirer (2013) from Cornell University are inspecting the game theory 

aspects of Bitcoin mining. They show how the incentive-compatibility condition that 

supports honest mining can be broken by colluding miners to obtain bigger than fair 

share of the revenue. Eventually majority of the miners would join this collusion and 

Bitcoin would cease to be decentralized. They also propose a solution to how to 

overcome this issue. (Eyal & Sirer, 2013) 
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3 Legal status of Bitcoin around the 
world 

The following part revolves around the recognition of Bitcoin by governments and its 

legal status in countries around the world. We are introducing countries which have 

banned the use of Bitcoin, recognized it as a form of money and even some which have 

labeled it as “profit from property rights”. 

Since the beginning of 2013 there have been many discussions around the world 

about the legal status of Bitcoin and about legality of operations of the Bitcoin 

exchanges. These include most importantly discussions about whether or not can Bitcoin 

be classified as a currency and what approach should be used for the taxation of earnings 

made in Bitcoins. 

We will address the Bitcoin related decisions according to the size of the Bitcoin 

market in the given country and also by the gravity of the decisions and the stemming 

consequences. At the end of year 2013 the biggest Bitcoin market share constitutes of 

USD exchanges, Mt. Gox and Bitstamp. They represent 50% of the world’s Bitcoin trade 

volume. The Chinese exchange BTC China (BTC is an acronym for Bitcoin) represents 

43% of the market, with its share decreasing in last days of 2013. This attributes to legal 

difficulties in China. The rest 7% represents all other Bitcoin exchanges around the 

world.  
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Figure 4 – Global exchange volume distribution on 30.12.2013.  

Source: bitcoincharts.com 

The distribution of volume according to currencies generally follows the same 

pattern. USD represents 49% of the traded volume and CNY 42%. EUR has 4% share 

with other relevant currencies being GBP, CAD, RUB, JPY and PLN, all under 1% of 

global trade volume. The average volume of the total Bitcoin market in December 2013 

was 120 000 traded Bitcoins per day.7 

3.1 USA 

The first legal statement concerning Bitcoin was made by Financial Crimes Enforcement 

Network (FinCEN) of United States’ Department of the Treasury on the 18th of March 

2013. It approaches the question whether the digital currencies users can be classified as 

money transmitting businesses. Firstly the term “convertible virtual currency” is defined, 

quoting: 

„In contrast to real currency, “virtual” currency is a medium of exchange that 

operates like a currency in some environments, but does not have all the attributes of 

real currency. In particular, virtual currency does not have legal tender status in any 

                                                 
7 Blockchain.info 
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jurisdiction. This guidance addresses “convertible” virtual currency. This type of virtual 

currency either has an equivalent value in real currency, or acts as a substitute for real 

currency.” (Financial Crimes Enforcement Network of United States department of the 

Treasury, 2013) 

Bitcoin clearly satisfies this definition as its purpose is to function as money. It 

functions as a currency in an environment consisting of any individual holding Bitcoins 

in his virtual wallet, companies accepting Bitcoin, the decentralized peer to peer network 

of nodes and the Bitcoin exchanges. The equivalent value in real currency is specified as 

well as for any other currency on any foreign exchange. The exchanges for Bitcoin are 

opened 24 hours a day and the ticks are being made roughly every second. The second 

quote approaches the money transmission problem: 

“A person that creates units of this convertible virtual currency and uses it to 

purchase real or virtual goods and services is a user of the convertible virtual currency 

and not subject to regulation as a money transmitter. By contrast, a person that creates 

units of convertible virtual currency and sells those units to another person for real 

currency or its equivalent is engaged in transmission to another location and is a money 

transmitter. In addition, a person is an exchanger and a money transmitter if the person 

accepts such de-centralized convertible virtual currency from one person and transmits 

it to another person as part of the acceptance and transfer of currency, funds, or other 

value that substitutes for currency.” (Financial Crimes Enforcement Network of United 

States department of the Treasury, 2013) 

This has very important consequences as the money transmitting business must 

obey two key measures, “Anti-Money Laundering” and “Know Your Customer.” These 

are enforced by USA Patriot Act and require recordkeeping of certain information 

related to all sides in any business transaction, specifically: 

“(i) the identity and address of the participants in a transaction or relationship, 

including the identity of the originator of any funds transfer; 
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(iii) the identity of the beneficial owner of the funds involved in any transaction, 

in accordance with such procedures as the Secretary determines to be reasonable and 

practicable to obtain and retain the information;” (Public Law, 2001) 

This would imply loss of anonymity for all the Bitcoin using money transmitters 

defined in the quotation above. 

One of the results of this legal guidance was shown in June 2013 when the U.S. 

Department of Homeland Security seized 2.9 million USD from Dwolla (US payment 

network that allows any business or person to send, request and accept money8) account 

belonging to MtGox and 2.1 million USD from MtGox’s Wells Fargo bank account. 

(Seizure warrant, 2013) Both of these were result of failure of MtGox exchange to 

register as money transmitting company in United States of America. (Dillet, 2013) 

Second important decision was made on the 6th of August 2013 by a Federal 

judge in case of Securities and Exchange Commission versus Trendon T. Shavers, 

founder and operator of Bitcoin Savings and Trust. This trust was uncovered to be 

actually a Ponzi scheme which in August 2012 defrauded 263 104 Bitcoins, and the 

accused defended himself that he cannot be prosecuted in a matter of financial crime as 

“Bitcoin is not money, and is not part of anything regulated by the United States.” 

(United States Magistrate Judge Mazzant, 2013) 

However the Federal judge, Amos L. Mazzant, was of a different opinion: 

“It is clear that Bitcoin can be used as money. It can be used to purchase goods 

or services, and as Shavers stated, used to pay for individual living expenses. The only 

limitation of Bitcoin is that it is limited to those places that accept it as currency. 

However, it can also be exchanged for conventional currencies, such as the U.S. dollar, 

Euro, Yen, and Yuan. Therefore, Bitcoin is a currency or form of money…” (United 

States Magistrate Judge Mazzant, 2013) 

This was the first legal recognition of Bitcoin as a currency in the world. 

                                                 
8 www.dwolla.com 
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The question of taxation of Bitcoin and virtual currencies has only been answered 

by Internal Revenue Service (IRS) in March 2014. It defines Bitcoin as a convertible 

virtual currency based on the existence of an equivalent value in the real currency. For 

tax purposes it is considered to be property with capital gain tax and all the taxation 

principles applicable. Also a fair value of any Bitcoins mined has to be considered as 

part of gross income of an individual. (Internal Revenue Service, 2014) 

3.2 Germany and the European Union 

German Ministry of finance announced its first decision on Bitcoin in less than two 

weeks after the U.S. Federal judge, on the 17th August 2013. The Ministry confirmed a 

2011 definition from BaFin, German financial supervisory authority, that Bitcoin is a 

form of private money and that their mining is money creation. As such Bitcoins are 

subjected to capital gains tax of 25%. The tax must not be paid if Bitcoins are held for 

more than 1 year. (Nestler, 2013) (Gotthold & Eckert, 2013) 

There is one advantage for promotion of Bitcoin in Europe compared to United 

States. As Karl-Friedrich Lenz, German professor of German, European and 

International trade law points out: 

“…if someone gets a “regulated market” licensed under the EU MIFID 

Directive, they need to deal only with the regulator of their own Member State. You don’t 

need to run around all the 27 Member States applying for licenses.” (Lenz, 2013) 

Thus any Bitcoin exchange can ask for the license to serve as a “regulated 

market” in one EU country and provide their services in any other member state. 

On the 13th of December 2013 Reuters reported the only statement on the matter 

of Bitcoin from European Union officials so far. The European Banking Authority 

warned the public that Bitcoins have no protection or compensation in the case of their 

theft. There are no laws in European law to protect users of virtual currencies. EBA also 

warned about potential tax liabilities of Bitcoin users towards any of the EU members. 

(Jones, 2013) 
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3.3 China 

Chinese Bitcoin market is second most important, very closely following the American 

one. Its 30 days trade volume (at the end of December 2013) was roughly 2 million 

Bitcoins compared to 2.1 million in USD.9 There have been huge expectations connected 

to Bitcoin on Chinese market stemming from its private and cryptographic nature. In 

China, where any export of currency is strictly restricted to very small amounts, Bitcoin 

usage could undermine this regulated environment. 

The official statement form People’s Bank of China (PBC), the Chinese central 

bank on the 5th of December was dismissive. It also showed how the Chinese 

expectations have increased the price of Bitcoin in weeks preceding this statement. On 

the 4th of December, MtGox was closing at $1 235 per Bitcoin. During the next 24 hours 

the price plummeted to $1 021 per Bitcoin and was closing at $697 on the 7th of 

December.10 

In the official statement (unofficially translated as PBC did not provide English 

version of this statement) is PBC stating the following: 

“Clearly defining the nature of Bitcoin, which is not issued by a central monetary 

authority, it does not possess characteristics of legal tender, and does not have real 

meaning as a currency. On the nature of Bitcoin, Bitcoin is a specially-designated virtual 

commodity or good, and does not have the same legal status as currency, and cannot be 

used as circulating currency in the market. However, Bitcoin trading constitutes a 

method of buying and selling commodities online, and ordinary people are free to 

participate, so long as they are willing to assume the risk. 

It is required that, at this stage, financial and payment institutions may not use 

Bitcoin pricing for products or services, may not buy or sell Bitcoins, may not act as a 

central counterparty in Bitcoin trading, may not offer insurance products associated 

with Bitcoin, may not provide direct or indirect Bitcoin-related services to customers, 

                                                 
9 http://bitcoincharts.com/markets/ on 23rd of December 2013 
10 www.mtgox.com 
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including: registering, trading, settling, clearing or other services; accepting Bitcoin or 

use of Bitcoin as a clearing tool; trading Bitcoin with CNY or foreign currencies; 

storing, escrowing, and mortgaging in Bitcoin; issuing Bitcoin-related financial 

products; and using Bitcoin as a means of investment for trusts and funds.”(The 

People’s Bank of China, 2013) 

The impact of this decision is much graver than in case of Germany due to the 

volume of the Chinese Bitcoin market. Even though individuals can still trade Bitcoin on 

their own, the companies are effectively banned from using it.  

The position of Bitcoin in China was shaken even more on the 18th of December, 

when chief executive of BTC China, by far the biggest Bitcoin exchange in China with 

99% of Yuan volume traded,11 announced that BTC China can no longer accept deposits 

in CNY (Hern, 2013). This was due to the fact that PBC “…extended that ban to 

payment companies like YeePay, and gave them until Chinese New Year, which begins 

on 31 January, to comply” (Lee, 2013). This decision also made trading of Bitcoins 

almost impossible for individuals as they have no possibility to buy Bitcoins without 

third party payment companies (Hern, 2013). The effect of this decision was 

immediately projected in the price of Bitcoin which fell from $723 per Bitcoin at 11:00 

p.m. on 17th of December to $457 per Bitcoin only 13 hours later even on non-Chinese 

exchange MtGox.12  

  

                                                 
11 www.bitcoincharts.com 
12 www.mtgox.com 
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3.4 The rest of the world 

3.4.1 Canada 
Canada is a very open minded and progressive country, at least as far as digital 

currencies are concerned. It was the first country where Bitcoin ATM could be found. 

(Cieslak, 2013) This ATM can exchange Bitcoins for fiat currency and vice versa. The 

Canadian government has also made a statement concerning taxation of digital 

currencies. In its short memo on their webpage an explanation of what digital currencies 

are and how they should be approached concerning taxation can be found. The most 

important part of this memo tells that Canadian government does not consider digital 

currencies, including Bitcoin, to be real currency.  

“Where digital currency is used to pay for goods or services, the rules for barter 

transactions apply. A barter transaction occurs when any two persons agree to exchange 

goods or services and carry out that exchange without using legal currency.” 

(Government of Canada, 2013) 

Thus according to Canadian law the value of Bitcoins earned from a barter trade 

should be converted to the value in Canadian dollars and this amount used for taxation 

purposes. However, if Bitcoin is used for speculative purposes only, this is considered to 

be commodity trading according to the Canadian government memo. The gains or losses 

stemming from speculative trading have to be taxed as well. 

3.4.2 Finland 
The Finnish Tax Administration (2013) has issued a specialized document considering 

the taxation issues of digital currencies. It states that virtual currencies are neither money 

nor securities but that they are considered as an unspecified agreement and the proceeds 

from the selling of Bitcoins are “monetary benefits”. As such they are subjected to tax 

act and should be taxed as a capital income. However, any contractual liabilities 

associated with Bitcoin loss are not tax-deductible.  

It also defines taxability of Bitcoin mining. It defines Bitcoin mining as earned 

income and the proceeds from mining are to be taxed as such in the value of national 
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currency (Euro) using the effective exchange rate from the day when the miner received 

newly mined Bitcoins. 

Companies accepting payments in Bitcoins are supposed to, according to the 

same document, use the exchange rate of the day when Bitcoins were received as a 

payment to translate the amount into Euro for tax purposes. 

3.4.3 Norway 
According to the Norwegian Tax Administration Bitcoins are an asset and as such are 

supposed to be taxed on the gain on sale. Also any proceeds from sale of Bitcoins made 

by businesses are subjected to Value added tax. They also stated that Bitcoins are not 

regarded as legal tender. (Lorentzen, 2013) 

3.4.4 United Kingdom 
Her Majesty’s Revenue & Customs, the United Kingdom’s tax authority, issued a brief 

on the taxation of Bitcoins. It states that no value added tax is to be paid from proceeds 

of Bitcoin mining nor exchange of Bitcoin for Sterling or other foreign currencies. 

However VAT is to be paid in a usual way from suppliers of goods and services sold for 

Bitcoin. In relation to businesses operation Bitcoin is treated as any other currency 

meaning that corporation tax, income tax and capital gains tax are to be paid on Bitcoin. 

(HM Revenue and Customs, 2014) 

3.4.5 Denmark 
The same decision was made by tax authorities in Denmark. Individuals who are earning 

Bitcoins by mining do not have to tax the proceeds of the mining. The only exception are 

legal entities who sell goods for Bitcoins and both legal entities and individuals who are 

using Bitcoins for speculative purposes. This is already third denial in Denmark of 

Bitcoin being a currency. Before the tax authorities it was Central bank and Financial 

Services Authority of Denmark who made the same decision. (Hannestad, 2014) 

3.4.6 Poland 
Poland is amongst the 10 biggest miner of Bitcoins amongst the countries around the 

world and thus Bitcoins are closely regarded in Poland. An official from Polish Ministry 
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of Finance announced that Bitcoins are not illegal in Poland; however, they are not 

considered to be legal tender. Bitcoins are to be taxed as profits from property rights. 

However, any regulations are not to be proposed until there will be an official statement 

from the European Union. (Wierciszewski, 2013) 

3.4.7 Thailand 
The status of Bitcoin in Thailand is definitely not stable. It was the first country in the 

world to effectively ban usage of Bitcoins. Bitcoin Co. Ltd., Thai company specialized in 

mining, trading and promoting Bitcoin in Thailand, reported their struggles with Thai 

authorities when trying to register to serve as a legal financial operator. After the official 

money exchange license was received and subsequently canceled by the Bank of 

Thailand, the company was invited in July 2013 to participate on a conference on Bitcoin 

with following result: 

“At the conclusion of the meeting senior members of the Foreign Exchange 

Administration and Policy Department advised that due to lack of existing applicable 

laws, capital controls and the fact that Bitcoin straddles multiple financial facets the 

following Bitcoin activities are illegal in Thailand: 

 Buying Bitcoins 

 Selling Bitcoins 

 Buying any goods or services in exchange for Bitcoins 

 Selling any goods or services for Bitcoins 

 Sending Bitcoins to anyone located outside of Thailand 

 Receiving Bitcoins from anyone located outside of Thailand” (Bitcoin Co. Ltd., 

2013) 

Thus Thailand was the first country in the world to officially prohibit the usage of 

Bitcoins. However, in mid-February 2014 the same company, Bitcoin Co. Ltd. started to 

trade Bitcoins again based on a second letter from the Bank of Thailand (Sakawee, 

2014). On the 18th of March the same authority issued a press release with a set of 

information about Bitcoin aimed for the public (The Bank of Thailand, 2014). It states 
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that Bitcoin is not a legal tender in Thailand and any Bitcoin payment can be rejected by 

a merchant. Also it warns the Bitcoin users of its volatility and possibility of theft. 

3.4.8 Russia 
Before any official statement was made, both critics and promoters of virtual currencies 

appeared in Russia. Former economy minister and current CEO of largest Russian state-

owned bank Sberbank, Herman Gref, referred to a potential ban of Bitcoin in Russia as 

to a “colossal step backwards” (Pronina & Kravchenko, 2014). Current economy 

minister, Alexei Ulyukayev, was more reluctant to give his opinion on status of virtual 

currencies. 

On the 27th of January 2014 the central bank of Russia, Bank of Russia, has 

issued a statement on the legality of Virtual currencies, particularly Bitcoin, in Russia. In 

this statement it warned the Russian citizens and legal entities that “…using the ‘Virtual 

currencies’ for exchange for goods or cash will be regarded as a potential involvement 

in the implementation of suspicious transactions in accordance with the legislation on 

counteraction to legalization (laundering) proceeds of crime and financing of 

terrorism.” (The Bank of Russia, 2014) 

It was also pointed out in this statement that issuance of monetary surrogates is 

prohibited by Article 27 of Federal law On the Central Bank of the Russian Federation 

(Bank of Russia). Here it is clearly stated that “…the issue of any other monetary units 

(than roubles) or quasi-money shall be prohibited in the Russian Federation.” (State 

Duma, 2002) 

Thus Bitcoin mining is forbidden in Russia and any trading of Bitcoin will be 

regarded suspicious. This does not legally stop Bitcoin trade in Russia; however, it is 

expected to cripple the trade significantly.  
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3.5 Conclusion 

From the preceding parts it can be seen that it is not easy to classify Bitcoin and that 

most of the countries listed were not prepared for its recognition. It is definitely not easy 

to define what Bitcoin is from the legal point of view, however, the governments should 

act more flexibly in order to protect their citizens who get in touch with Bitcoin. More 

importantly it can be seen from the previous section that the issue of Bitcoin taxation can 

be solved in various ways and the author’s opinion is that it should be taxed. 
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4 The Fall of MtGox exchange and the 
future of Bitcoin 

Even though the system of Bitcoin is believed to be not susceptible to hacker attacks, 

there are still weak spots in the system which proved to be dangerous for the whole 

existence of the concept of Bitcoin. One of these weak spots is the security of exchanges 

and intermediaries who act as custodians of their clients’ Bitcoins. 

The first important security failure happened in June 2011 when more than 

400 000 Bitcoins (6% off all Bitcoins ever mined at the time) were stolen by a hacker 

from the MtGox exchange. When the hacker tried to sell the Bitcoins later on the same 

exchange for the current price of $17.50, the price dropped down close to zero, forcing 

the representatives to close MtGox exchange for 4 days. After this time the Exchange 

was reopened and the victims of the hacker attack were reimbursed from the MtGox’s 

own funds. The underlying problem was however not security issue in the Bitcoin 

algorithm, but in the MtGox’s security system: 

“MtGox says access to its site was gained after a financial auditor's computer 

was hacked, and insists its site was not compromised. 

But Amir Taaki, who runs the rival Bitcoin exchange Britcoin.co.uk, disputes this 

chain of events. Developers working on his site, which runs on much of the same 

software as MtGox, found a security hole several days before the hack was carried out. 

He says MtGox was notified publicly and privately of the problem. (Ball, 2011) 

More important breakdown of security and also a terminal one for the MtGox 

exchange happened in February 2014. Mark Karpeles, representative director of MtGox 

Co., Ltd. stated in an announcement regarding an application for commencement of a 

procedure of civil rehabilitation, which is a Japan form of bankruptcy protection:  

“At the start of February 2014, illegal access through the abuse of a bug in the 

bitcoin system resulted in an increase in incomplete bitcoin transfer transactions and we 
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discovered that there was a possibility that bitcoins had been illicitly moved through the 

abuse of this bug. 

As a result of our internal investigation, we found that a large amount of bitcoins 

had disappeared. Although the complete extent is not yet known, we found that 

approximately 750,000 bitcoins deposited by users and approximately 100,000 bitcoins 

belonging to us had disappeared.” (Karpeles, 2014) 

These 850 000 represented at the moment approximately 6.8% of all Bitcoins “in 

circulation”.13 Coincidentally later on 200 000 Bitcoins belonging to MtGox were found: 

"…on March 7, 2014, MtGox confirmed that an old-format wallet which was 

used prior to June 2011 held a balance of approximately 200,000 bitcoins…”. (BBC, 

2014) 

The effect on the whole Bitcoin market and users community was devastating. 

The following charts are showing the exchange volume distribution two months after the 

bankruptcy of MtGox: 

 

Figure 5 - Global exchange volume distribution on the 13.04.2014.  

Source: bitcoincharts.com 

                                                 
13 www.bitcoincharts.com 



The Fall of MtGox exchange and the future of Bitcoin 27 
 

For comparison see the same chart from end of 2013 in the third chapter. The 

market has approximately halved in the same time period with the amount of Bitcoins 

traded in April 2014 being on average 60 000 per day. Very significant is the decline of 

Chinese Bitcoin market. The Bitcoin China represented 43% of global Bitcoin market at 

the end of 2013. A hundred days later the share of Chinese most important Bitcoin 

exchange shrunk to only 8%. The USD market represents 87% of total volume with three 

biggest players taking up 73% in total. The price of Bitcoin and the volume traded on 

BitStamp exchange is depicted on the chart below. A clear declining trend can be 

observed since the beginning of 2014. 

 

Figure 6 – Price of Bitcoin and volume traded on BitStamp exchange. June 2013 – 

May 2014 

Source: www.bitcoincharts.com 

It is true that the bankruptcy of MtGox was an unexpected and painful blow to 

the reputation of Bitcoin. However the author’s view is that it should not endanger the 

existence of Bitcoin as such. It can be considered as an end of an era of wild Bitcoin 

trading and most probably the interest in Bitcoin will subside. It might eventually happen 

that Bitcoin will cease to exist in the future, however, the idea of cryptography based 

virtual currencies will prevail in its successors, such as Ripple or Litecoin. 
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5 Volatility inspection of Bitcoin price 

5.1 Motivation 

The volatility is an important property of any financial asset. It is the basic 

measure of risk to which is the investor exposed when buying an asset. For this reason it 

is crucial for any Bitcoin investor to assess the potential threats arising from Bitcoin 

volatility. The easiest way to observe the volatility of an asset is to compare its returns 

against returns of another asset which is being traded on global market in high volume. 

For this comparison I have chosen two very different assets, gold and NASDAQ 

composite index.  

It can be observed from the following figure that the daily volatility of Bitcoin  

(in red) is substantially higher than volatility of either gold or NASDAQ composite 

index. The data shows that in the observed period even the highest daily log return of 

gold (-0.096) is approximately ten times lower that the highest spike in Bitcoin’s log 

returns (-0.85018). 



Volatility inspection of Bitcoin price  29 
 

 

Figure 7 – Comparison of volatility of Bitcoin, gold and NASDAQ index. 

Source: Bloomberg, MtGox 

From the chart above it can be observed not only that the absolute level of the 

Bitcoin volatility is much higher than in case of either gold or NASDAQ index but also 

that the volatility of Bitcoin varies through time. While the volatilities are incomparable 

in winter 2010 and first half of 2011, there are periods in 2012 where they do not differ 

much. The third observation that can be made is that there seems to be volatility 

clustering in the Bitcoin data. As stated by Mandelbrot when speaking about price 

changes: 

“…large changes tend to be followed by large changes – of either sign – and 

small changes tend to be followed by small changes…” (Mandelbrot, 1963) 
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5.2 Dataset 

The dataset chosen for the econometric part of this paper consists of daily closing 

Bitcoin prices on MtGox exchange from the first quotation (17th of July 2010) till the 

very last one before the crash of MtGox (25th of February 2014). Thus it consists of 1320 

observations in total. The original data series, shown on the chart below, will be referred 

to as “BTC_Close” due to the fact that these are closing prices. 

 

Figure 8 – Time series of MtGox exchange USD/BTC closing price. 

Source: Author based on data from MtGox 

5.2.1 Stationarity 
From the first observation of the plot of the original time-series we assume that the non-

stationarity of the time-series will be present. This is a serious problem in any kind of 

time-series modelling and is often encountered in time-series of asset prices. The issue 

lies in the fact that any shock in non-stationary time-series would have infinite 
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persistence. Also the issue of spurious regression would make any inference based on 

econometric models invalid. Thus stationarity of the data is needed to be proven in the 

first place. For the following process: 

௧ݕ ൌ ߤ ൅ ௧ିଵݕߩ ൅ ,	௧ݑ .݅	ݏ݅	௧ݑ ݅. ݀ 

 If ρ > 1 then we obtain explosive process where external shocks multiplicate 

 If ρ = 1 then the shocks never die in the system (random walk) 

 If ρ < 1 then the shocks die away – stationary series. 

To test for stationarity we will first use autocorrelation and partial-autocorrelation 

functions. 

 

Figure 9 – ACF and PACF of the “Close” data series. 

Source: Author based on data from MtGox 
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The observations of the results shows that there is a high dependency in the data 

(slow decay in ACF function) and that this dependency should be only connected with 

first lag of the data (1 significant lag in PACF function and subsequent sharp fall in the 

following lags. To verify this formally we will also perform Augmented Dickey-Fuller 

(ADF) test with null hypothesis being non-stationarity of the series and need to 

difference the data. The results shown in the appendix confirm the hypothesis of unit root 

presence due to too low absolute value of t-statistics (-1.4441) to be able to reject the null 

on any significance level. 

In order to make the series stationary we will perform the first differentiation of 

the data with a logarithmic transformation: 

௧ݎ ൌ ln ௧ܲ െ ln ௧ܲିଵ ൌ lnሺ ௧ܲ

௧ܲିଵ
ሻ 

The differentiated series shown below does not seem to exhibit patterns of non-

stationarity, what is again proven by both ACF/PACF functions and ADF test (along 

with the summary statistics of the differentiated series can be found in the appendix). 

Both of these testing methods reject further presence of non-stationarity (ADF test on 1% 

significance level), even though we can still see some dependency in the differentiated 

time-series. This dependency however does not compromise the stationarity of the data. 
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Figure 10 – 1st difference of logarithms of the original series. 

Source: Author based on data from MtGox 

The differentiated series (“ld_BTC_Close”) represent the continuous returns of 

BTC on MtGox exchange. The histogram (appendix) shows the leptokurtic distribution 

of the data series, what generally corresponds to financial data as the stylized facts of 

financial returns state. 

5.2.2 Explanation of high variance in the data  
The first observation of the log-differentiated data suggests not only stationarity of the 

data but also a strong presence of heteroskedasticity in the sample. The variance of the 

series is very high in the first half of the data, then it significantly lowers for almost one 

whole year with only one positive and one negative peak only to grow again at the end of 

the dataset. A few high peaks, both negative and positive, are present in the whole series. 
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The reasons for the peaks in the volatility of the Bitcoin price can be traced to the 

historical events connected to Bitcoin. If we omit the spikes in first five trading days 

which are caused by the settling of the price then the first peak is on the 6th of November 

2010. It is connected with the fact that on this day the capitalization of Bitcoin exceeded 

for the first time 1 million USD. The peak of the capitalization was, however, only short-

term event as the highest value of over 0.5 USD/Bitcoin was not even recorded as a 

closing price and actually did not appear in closing price series until almost 3 months 

later. This suggest that already at this time Bitcoin was subject to speculation amongst its 

users. As was already mentioned in the literature overview, this bubble is also accounted 

to the financial blockade of Wikileaks on the 7th of December 2010.  Moreover an 

interesting fact is that on the 9th of December 2010 the first call option contract for 

Bitcoin was sold.14 

The second important peak in Bitcoin volatility took place 7 months after the first 

peak on the 11th of June 2011. In the ten days preceding this date the closing price of 

Bitcoin was sharply growing, from 9.57 USD on the 1st of June to 29.6 USD a week 

later. The absolute peek also took place on the 8th of June in price of 31.91 USD/Bitcoin. 

A short decline followed so that on the 11th of June the market was opening at 23.95 

USD/BTC only to close at the end of the day at 14.65 USD/BTC, accounting for almost 

40% decline in the value. 

This event called “The great bubble of 2011” started a big plummet in the price 

of Bitcoin which took place in the following months causing the price to drop to 2 

USD/BTC in November. There are multiple causes which are accounted to this spike in 

Bitcoin price. It was the first time when Bitcoin received mainstream public attention 

due to Time (16th of April) and Forbes articles thus attracting possible investors with 

mainly speculative motives who were pushing the price as high as possible. Another 

reason is that at the time there was no possibility to short-sell Bitcoins. If there was this 

possibility the investors who were not optimistic about the price increase could manifest 

their expectation by short-selling Bitcoins and thus reducing the price increase. The third 

                                                 
14 Historyofbitcoin.org 
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possible cause of higher volatility in price in this period could be the founding of Silk-

road marketplace which took place in February. (Buterin, 2012) 

Another two events reinforced the consequent drop in Bitcoin price. Firstly it was 

a reported theft of 25 000 Bitcoins on the 13th of June (at the time approx. 375 000 

USD). Only six days later a major security breach took place at MtGox exchange. A 

table with user names, email addresses and password hashes of 60 000 MtGox users 

leaked out. Furthermore the MtGox exchange had to be closed up for 7 days due to 

issuance of sell orders for hundred thousands of Bitcoins from an admin account which 

caused the price to drop to 0.01 USD/BTC. When the exchange was opened again the 

price was artificially set back to 17.51 USD/BTC, price which preceded the event.  

After the burst of the bubble and fall of price a period of relative stability 

followed. One year between February 2012 and February 2013 was a period of growth in 

price of Bitcoin from 5 USD/BTC to 20 USD/BTC. Only low variance is observed in 

this period with one negative and one positive spike in August 2012. This spike in 

volatility can be accounted to above mentioned fraud of Bitcoin Savings & Trust 

operated by Trendon T. Shavers (Jeffries, 2012). The Trust was closed on the 17th of 

August 2012 leaving debts in amount of 500 000 Bitcoins, which represented 

approximately 5.6 million USD. This resulted in 40% decline in price in following 3 

days. 

The second bubble in the Bitcoin price was inflated during February, March and 

first ten days of April in 2013. In this period double-digit daily growth in price of Bitcoin 

was no exception. However the bubble was deemed to burst after the price spiked at 266 

USD/BTC on the 10th of April. In the following week the drop in price took place and 

stopped at around 100 USD/BTC, which was approximately the price in following 5 

months. The closing price on the 9th of April (230 USD/BTC) was almost 5-times the 

closing price of Bitcoin one month before (46.85 USD/BTC). 

One of the possible explanation for this bubble happening is banking crisis in 

Cyprus. Since the end of 2010 the credit rating of Cyprus, country considered as being a 

tax-haven, has been falling down (Ehrenfreund, 2013). The country’s economic issues 
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eventually resulted in a short span of bank run which was stopped by a bailout by various 

international institutions such as ECB, European Commission or IMF on the 25th of 

March 2013.  

 

Figure 11 – Evolution of Cyprus credit rating. 

Source: Bloomberg 

However already on the 16th of March a plan by European Union was announced 

according to which all deposits in Cyprus’ banks exceeding € 100.000 were to be taxed 

by one-time tax of 9.9% and also maximum limit of cash withdrawals of €400 were 

introduced (Thompson, 2013). According to CNN, this was one of the reasons why price 

of Bitcoin rocketed from 47 to 142 just three weeks later and peaking at already 

mentioned 230 per Bitcoin another 4 days later (Farrell, 2013). 

The last important spikes in MtGox price of Bitcoin took place at the end of 

existence of MtGox exchange. In the last two weeks the daily change in price ranged 

from -57% to +129%. 
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5.3 Dataset adjustment 

Due to the above mentioned changes in Bitcoin volatility it is impossible to make any 

sound inferences from regressions performed on the whole dataset. For this reason 

several changes have to be done before continuing to the econometric part. 

5.3.1 Beginning and ending data issue 
The first problem is the beginning of the whole dataset. As the 1st price quotation was not 

based on market inputs (as is for example case of IPOs) it took some time for the price to 

accommodate the market sentiments. For this reason high volatility can be observed in 

the first week of Bitcoin trading. For this reason we arbitrarily choose to drop first two 

weeks of data and start the dataset from the 1st of August 2010.  

Similar problem arises at the end of the dataset. The last week of trading on the 

MtGox exchange is, as was mentioned in the preceding chapter, specific by humongous 

volatility spikes. However, these spikes are stemming from the lack of trust in MtGox 

exchange, not lack of trust in Bitcoin itself. On the 7th of February 2014 all withdrawals 

from MtGox have been halted and three days later a press release has been issued stating 

that a technical error causes that Bitcoins can be double-spent: 

“A bug in the bitcoin software makes it possible for someone to use the Bitcoin 

network to alter transaction details to make it seem like a sending of bitcoins to a bitcoin 

wallet did not occur when in fact it did occur. Since the transaction appears as if it has 

not proceeded correctly, the bitcoins may be resent. MtGox is working with the Bitcoin 

core development team and others to mitigate this issue.” (MtGox, 2014) 

For this reason we have again arbitrarily chosen to drop the observations starting 

with 7th of February 2014. 

5.3.2 Structural breaks 
When the abnormal volatility at the beginning and end of the dataset is being taken care 

of the next focus point should be the changing volatility inside the dataset. As was 

already elaborated on in the previous chapters there are significantly different periods in 
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the dataset from the view of both absolute price and relative volatility. As was proposed 

by Hillebrand (2005) the changing points of dataset, called structural breaks, have 

important impact on accuracy of generalized autoregressive conditional 

heteroskedasticity (GARCH) models in the way that the estimated autoregressive 

parameters converge to one. In search for the structural breaks I have decided to use 

Iterated cumulative sums of squares (ICSS) algorithm introduced by Carla Inclán and 

George C. Tiao in Journal of the American Statistical Association in September 1994 

and the following part of text is based on this article. (Inclan & Tiao, 1994) 

5.3.2.1 Motivation of the model 
This algorithm is designed for “detection of multiple changes of variance in a sequence 

of independent observations”. It studies the retrospective variance of series to indicate 

points where variance changes. 

The procedure consists of several steps. First of all let’s start with cumulative 

sum of squares ܥ௞ ൌ ∑ ܽ௧
ଶ	௞

௧ୀଵ of uncorrelated random variables ሼܽ௧ሽ	with zero mean and 

variance ߪ௧ଶ is defined for ݐ ൌ 1,2, … , ܶ. Let then centered cumulative sum of squares be 

defined as 

௞ܦ ൌ
௞ܥ
௧ܥ
െ
݇
ܶ
	,			݇ ൌ 1,2, … , ܶ; ଴ܦ			݄ݐ݅ݓ			 ൌ ்ܦ ൌ 0 

When ܦ௞ is then plotted against k, it should be oscillating around zero for series 

with homogenous variance. If there is a sudden change in variance in the series a sudden 

change in pattern in plot of ܦ௞   in form of unexpected change of sign, a peak or a trough 

can be observed. 
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Figure 12 – Plot of Dk values across time. Sudden changes flag out possible 

structural breaks. 

Source: Author based on data from MtGox  

As can be seen from the chart above there are many pattern changes in the chart 

of ܦ௞	of the dataset. This suggests that there will not only be one break point, but rather 

multiple change points. In the suspicion of multiple change points an iterated version of 

cumulative sums of squares must be used. 

The idea of the iterated version is to successively apply ܦ௞	to pieces of series 

which are being divided by the newly found change points. Firstly we define ܽሾݐଵ:  ଶሿ toݐ

represent the series ܽ௧భ, ܽ௧భାଵ, … , ܽ௧మ,					ݐଵ ൏ :ଵݐ௞ሺܽሾܦ ଶ andݐ  ଶሿሻ to represent the rangeݐ

over which the cumulative sums of squares are computed.  
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5.3.2.2 Structural breaks seeking procedure 
The calculation algorithm is following: 

1. Let ݐଵ ൌ 1 

2. Calculate ܦ௞ሺܽሾݐଵ: ܶሿሻ. Let ݇∗ሺܽሾݐଵ: ܶሿሻ	be the point where max௞|ܦ௞ሺܽሾݐଵ: ܶሿሻ| is 

obtained and let  

:ଵݐሺܯ ܶሻ ൌ max
௧భஸ௞ஸ்

ඥሺܶ െ ଵݐ ൅ 1ሻ/2 :ଵݐ௞ሺܽሾܦ| ܶሿሻ|. 

If ܯሺݐଵ: ܶሻ ൐ :ଵݐthen ݇∗ሺܽሾ ∗ܦ ܶሿሻ is considered to be a change point of the 

series. The value of ܦ∗ is obtained from table of empirical and asymptotic 

quantiles (included in appendix). The 95% confidence interval value is ranging 

from 1.27 in empirical case with T=100 up to 1.358 in asymptotic case. If M is 

not higher than the quantile than there is no evidence of presence of change point. 

2.1. Let ݐଶ ൌ ݇∗ሺܽሾݐଵ: ܶሿሻ and calculate ܦ௞ሺܽሾݐଵ:  ଶሿሻ; that is cumulative sum ofݐ

squares calculated from the beginning to the first change point ሺݐଶሻ. If again the 

:ଵݐሺܯ ܶሻ ൐  test is passed then new change point is obtained and the ∗ܦ

procedure 2.1 is repeated until ܯሺݐଵ: ܶሻ ൏  ଶሻ which passedݐThe last point ሺ .∗ܦ

the test will be considered to be the first change point (݇௙௜௥௦௧) of the series. 

2.2. A similar procedure will be applied from the first found change point in 

direction to the end of the series with the ݐଵ newly defined as ݐଵ ൌ

݇∗ሺܽሾݐଵ: ܶሿሻ ൅ :ଵݐ௞ሺܽሾܦ .1 ܶሿሻ is to be newly calculated and point 2.2 is to be 

repeated until the ܯሺݐଵ: ܶሻ ൐  test is not passed. Then the last k will be ∗ܦ

defined as ݇௟௔௦௧ ൌ ଵݐ െ 1. 

2.3. If ݇௙௜௥௦௧ ൌ ݇௟௔௦௧ then only one change point is found and the iteration ends. If 

however ݇௙௜௥௦௧ ൏ ݇௟௔௦௧ then first two steps are being repeated on the middle part 

of the series (ݐଵ ൌ ݇௙௜௥௦௧ ൅ 1; 	ܶ ൌ ݇௟௔௦௧). In each iteration up to two new change 

points can be obtained. ෡ܰ௧ is the so far found number of change points. 

3. If two or more possible change points are detected they first need to be ordered 

increasingly. Then ܿ݌ will be the vector of all so far found possible change points. 

The lowest value will be defined as ܿ݌଴ ൌ 0 and ܿ݌ே೅ାଵ ൌ ܶ. Now each possible 

change point must be tested by calculating ܦ௞൫ܽൣܿ݌௝ିଵ ൅ 1: ,௝ାଵ൧൯݌ܿ ݆ ൌ 1,2, … , ෡்ܰ. 
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If ܯ൫ܿ݌௝ିଵ ൅ 1: ௝ାଵ൯݌ܿ ൐  the point can be kept, otherwise discarded. The 3rd step ∗ܦ

is to be repeated until the number of change points is stable and the possible newly 

found points are “close enough” to those found in previous iteration. 

5.3.2.3 Results 
By applying the ICSS procedure on the dataset, 26 changing points have been found in 

total before applying third point of the procedure. After two iterations of point three there 

are 10 points in total which can be considered as statistically significant break points. 

The number of observations in between two change points vary from 6 to 231. As 6 is 

too low number of observations for OLS model and both change points that specify these 

observations from both sides are strongly significant we have decided not to perform the 

OLS models on these 6 observations. This means that in the end for OLS we have 9 

points where structural change in the series is observed resulting in 10 data periods and 

for volatility estimation all 10 will be used. 

5.4 Inspection of volatility clustering – ARCH models 

5.4.1 Motivation 
At the beginning of this section where we have pointed out the large volatility of the 

Bitcoin returns we have also mentioned suspicion relating to volatility clustering. 

Volatility clustering is considered to be one of stylized facts in finance along with 

unpredictability of markets and fat tails in distribution of returns. A simple way how to 

test for the volatility clustering is to plot an autocorrelation function of squares or 

absolute values of the dataset. If there is slow decay observable then it can be confirmed 

that there is volatility clustering present in the dataset. 
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Figure 13 – Autocorrelation function of absolute values of differentiated series. 

Source: Author based on data from MtGox 

 

 

Figure 14 – Autocorrelation function of squared values of differentiated series. 

Source: Author based on data from MtGox 

From both correlograms it can be seen that the slow decay is present. Also the 

correlogram of squared series suggest that there is an increased dependency in seven-

days cycles. 
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5.4.2 GARCH models 
The first important set of models used for modelling of volatility clusters was introduced 

by Engle (1982). He proposed to model the heteroskedasticity by relating the conditional 

variance of the disturbance term at time t to the size of the squared disturbance terms in 

the recent past. The Autoregressive conditional heteroskedasticity model (ARCH (m)) is 

defined by two main equations: 

ܽ௧ ൌ .݅	ݏ݅	௧ߝ			;௧ߝ௧ߪ ݅. ݀ 

௧ߪ
ଶ ൌ ଴ߙ ൅ ଵܽ௧ିଵߙ

ଶ ൅ ⋯൅ ௠ܽ௧ିଵߙ
ଶ  

Where ܽ௧ is mean corrected return ܽ௧ ൌ ௧ݎ െ  ௧ and the process is stationary ofߤ

∑ ௜ߙ ൏ 1.௠
௜ୀଵ  The weaknesses of the basic ARCH model lie in the assumption of identical 

effect of positive and negative shocks on volatility and large number of squared lagged 

residuals usually needed for correct specification of the model. 

Extension of the ARCH model brought by Tim Bollerslev in 1986 is called 

Generalized autoregressive conditional heteroskedasticity model (Bollerslev, 1986). The 

idea of the generalization in the model is that the current volatility may depend also on a 

lagged autoregressive component – lags of own variances – apart from the past squared 

residuals introduced by Engel. The GARCH (m,n) model is specified as: 

ܽ௧ ൌ .݅	ݏ݅	௧ߝ			;௧ߝ௧ߪ ݅. ݀ 

௧ଶߪ ൌ ଴ߙ ൅෍ ௜ܽ௧ି௜ߙ
ଶ ൅

௠

௜ୀଵ
෍ ௧ି௝ߪ௝ߚ

ଶ
௡

௝ୀଵ
 

Where again ܽ௧ is mean corrected return ܽ௧ ൌ ௧ݎ െ  ௧ and the process isߤ

stationary if condition ∑ ሺߙ௜ ൅ ௜ሻߚ ൏ 1୫ୟ୶	ሺ௠,௡ሻ
௜ୀଵ  holds. Thus ARCH is specific case of 

GARCH model where ݊ ൌ 0. In comparison with the ARCH model the GARCH model 

solves the issue of too many necessary squared residual lags as empirically lower orders 

of m and n, usually up to 2 are sufficient. However it still cannot handle the difference 

between positive and negative shocks. 
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To solve the last mentioned disadvantage of ARCH and GARCH models Jean-

Michel Zakoïan introduced Threshold generalized autoregressive heteroskedasticity 

model (referred to as T-GARCH or TARCH) (Rabemananjara & Zakoian, 1993). This 

specific model allows to differentiate between effects of bad news and good news on the 

volatility of the asset. The model T-GARCH (m,n) can be specified as: 

ܽ௧ ൌ .݅	ݏ݅	௧ߝ			;௧ߝ௧ߪ ݅. ݀ 

௧ଶߪ ൌ ଴ߙ ൅෍ ௜ܽ௧ି௜ߙ
ଶ ൅

௠

௜ୀଵ
෍ ௧ି௝ߪ௝ߚ

ଶ
௡

௝ୀଵ
൅ ௧ିଵܽ௧ିଵܫଵߛ

ଶ  

Where ܽ௧ is mean corrected return ܽ௧ ൌ ௧ݎ െ ௧ܫ ௧ andߤ ൌ 1 if ܽ௧ ൏ 0 and 0 

otherwise. The stationarity condition is not as strict here as the model can be stationary 

in one regime and non-stationary in the other. The model becomes GARCH (m,n) if ߛ ൌ

0.  

The last ARCH family model used will be the Exponential general autoregressive 

conditional heteroskedasticity (E-GARCH) proposed by Nelson (1991). The advantage 

of the model is that even though the parameters can be negative the variance will be 

positive as we model its logarithm (Nelson, 1991). 

ܽ௧ ൌ .݅	ݏ݅	௧ߝ			;௧ߝ௧ߪ ݅. ݀ 

logሺߪ௧ଶሻ ൌ ଴ߙ ൅෍ ௜ߙ logሺܽ௧ି௜
ଶ ሻ

௠

௜ୀଵ
൅෍ ௧ି௞ሻߝ௝݃ሺߚ

௡

௝ୀଵ
 

݃ሺߝ௧ሻ ൌ ௧ߝߠ ൅ |௧ߝ|ሾߛ െ  ௧|ሿߝ|ܧ

In order to find the conditional heteroskedasticity model that fits the data best 

information criteria can be used. Usually in the case of autoregressive conditional 

heteroskedasticity models it is the Akaike information criterion (AIC), the Bayesian 

information criterion (BIC) and the Hannah-Quinn information criterion (HQIC). The 

information criteria are not absolute measurement of quality of a model in the sense of 

hypothesis testing, however they allow to compare two different models in terms of 

trade-off between goodness of fit and model parsimony. 
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The Akaike criterion is computed as ܥܫܣ ൌ െ2 lnሺܮሻ ൅ 2݇, the Bayesian 

criterion is computed as ܥܫܤ ൌ െ2 lnሺܮሻ ൅ ݇ lnሺ݊ሻ and the Hannah-Quinn criterion as 

ܥܫܳܪ ൌ െ2 lnሺܮሻ ൅ 2݇ ln ሺlnሺ݊ሻሻ, where L stands for maximum likelihood function of 

the model, k stands for parameters in the model and n is the size of a data sample. Thus 

BIC and HQIC are more punishing in case of too many parameters in the model. The 

best model is then chosen based on the value of the criteria: 

“In application, one computes AIC for each of the candidate models and selects 

the model with the smallest value of AIC. It is this model that is estimated to be “closest” 

to the unknown reality that generated the data, from among the candidate models 

considered.” (Burnham & Anderson, 2002) 

When the criteria suggest different models more parsimonious model should be 

selected. 

5.4.3 Application of the models 
As the ARCH models are working with the residuals of any other econometric model it 

is first necessary to choose the correct model from which the residuals will be obtained. 

We have decided to choose ARMA model with constant term to remove any linear 

dependencies in the data. The general ARMA (p,q) model which combines simple 

autoregressive (AR (p)) and simple moving average (MA (q)) models must be applied on 

stationary series. It takes on the following form: 

௧ݎ ൌ ߮଴ ൅෍ ߮௜ݎ௧ି௜
௣

௜ୀଵ
൅ ߳௧ ൅෍ ௝߳௧ି௝ߠ

௤

௝ୀଵ
 

Where ሼ߳௧ሽ is white noise series. The first summation in the equation is the AR 

(p) process and the second summation relates to MA (q) process. The condition for the 

ARMA (p,q) model to be stationary is that the AR process is stationary. This holds when 

ܵ ൌ ห∑ ߮௜
௣
௜ୀଵ ห ൏ 1. 

The selection of the best p and q integers relies again heavily on the above 

mentioned Akaike information criterion, Bayesian information criterion and Hannah-
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Quinn information criterion. For our dataset the lowest value of the criteria is achieved 

when p = 7 and q = 0 what is aligned with the above mentioned seven days pattern. The 

sum S of AR coefficient is equal to 0.1193 thus the stationarity of the ARMA (7,0) 

model is confirmed. The presence of ARCH effect is also confirmed by the value of test 

statistic of LM test being equal to 140.92. 

The procedure of finding the best autoregressive conditional heteroskedasticity 

model starts with finding the best ARCH (m) model. We will be always looking for the 

best simple model and best model with the structural breaks dummy variables as 

variance explanatory variables. The best possible fit (minimizing the information 

criteria) was achieved with ARCH (4) model with the dummy variables. 

Moving on to more sophisticated models shifts the focus to GARCH (m,n) 

models. As was already mentioned above, it is usually enough in the financial data to use 

models with low m and n parameters, usually maxሺ݉, ݊ሻ ൑ 2. This was also confirmed 

in my dataset as the best model according to the information criteria is GARCH (1,1) 

with dummy variables. 

The most sophisticated method to be estimated is the T-GARCH (m,n) model. In 

this case it is again the simplicity and parsimony that wins as the criteria reveal that T-

GARCH (1,1) with the dummy variables is the best model. For the comparison also 

results of E-GARCH (1,1) are included. It is again the version with dummy variables that 

clearly dominates the one without dummies.  

The results of the ARCH models are summarized in the following table. The 

color-coding helps to identify the lowest values of each information criterion, ranging 

from red being the highest values and green being the low values. The lowest value of 

each information criterion is marked in blue. Two out of three criteria suggest that T-

GARCH (1,1) is the best fit of all the models used. If we would have to choose between 

T-GARCH (1,1) and T-GARCH (2,2) suggested by AIC, we would always prefer 

simpler model, T-GARCH (1,1). 
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Figure 15 – Summary of ARCH-family models. 

Source: Author 

The relevance of the structural breaks in the data sample can be seen in the huge 

difference between information criteria of the models without the structural breaks 

dummies and those that incorporate them. Another proof is that for all the ARCH and 

GARCH models (with the exception of ARCH (1)) without structural breaks dummies 

the sum of ARCH coefficients (α and β) is exceeding 1. This leads to non-stationarity of 

the models and is aligned with Hillebrand’s theory behind the need of structural breaks 

in the ARCH regressions. (Hillebrand, 2005) 

The results of the T-GARCH (1,1) can be found in the appendix. They reveal that 

the 6 out of 10 breaking points used are significant on 5% significance level and one 

more is significant on 10% level. The sum of ARCH coefficients is lower than 1, so 
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stationarity of the model is confirmed. The graphical fit of the model is shown on the 

figure below. It can be observable that though the difference between model and 

residuals is still quite high in the first half of the series the second half starting with big 

drop in volatility is modeled much better. 

 

Figure 16 – Plot of residuals (red) and T-GARCH (1,1) model (blue). 

Source: Author based on data from MtGox 

The formal LM test of any remaining ARCH effect denies presence of any further 

dependencies on any significant level (p-value = 0.996459). This is also confirmed by 

non-formal check of correlograms of squares and absolute values of the standardized 

residuals (see appendix). The test for normality of the residuals rejects the hypothesis of 

normality; however, with the size of the sample it can be assumed that the residuals are 

asymptotically normal. Importantly, when the histogram of TARCH (1,1) residuals (see 
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appendix) is compared with the histogram of the original series a huge improvement 

towards bell curve has been made. 

The beta coefficient measuring the persistence of the volatility shocks has value 

of 0.506 and is significant on any usual significance level. The alpha coefficient 

measuring the dependence of current period volatility on the past period disturbance has 

value of 0.309 and is again significant on any common significance level. The sizes of 

both of these coefficients show that large part of today’s volatility can be explained by 

past volatility and disturbances. 
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6 Relation between Bitcoin and real 
economy – OLS models 

6.1 Motivation 

In the next econometric part of this paper we shift our focus to estimating a connection 

between Bitcoin and real economy. Our goal is to observe whether there is any link 

between the “tangible” economy and the price of “intangible” Bitcoin. If any statistically 

significant dependency would be found it would mean that the future movement of 

Bitcoin price could be estimated. It would also mean that Bitcoin is not as independent as 

it is supposed to. By definition Bitcoin should be independent of any financial 

institutions or financial markets as well as governments or governmental organizations. 

However, if a proof of a significant dependency between Bitcoin and “tangible” 

economy was found it would mean that Bitcoin could be endangered by it. 

The implications of an existence of a global currency that is independent from 

any economy and bank are very broad. From the macroeconomics point of view this 

would be very inconvenient as artificial devaluation and revaluation of the currency 

would be impossible. Therefore a central bank would lose its best instrument of boosting 

the country’s exports (Mankiw, 2008). The second and in our opinion more important 

endangerment of current macroeconomic concepts is the implication stemming from the 

fixed and a priori known amount of Bitcoins on the market at any point of time. As the 

dollar price of one Bitcoin was soaring in second half of 2013 a double digit deflation 

actually happened in the Bitcoin “economy”. The question of whether the deflation is 

worse or better than inflation has never been answered and is part of an argument 

between advisories of inflation, the Keynesians, and deflationists, the Libertarians. 

Following is a quotation from German libertarian economist Jörg Guido Hülsmann: 

“Deflation is far from being inherently bad. Quite to the contrary, it fulfills the 

very important social function of cleansing the economy and the body politic from all 

sorts of parasites that have thrived on the previous inflation. In a word: the dangers of 

deflation are chimerical, but its charms are very real. There is absolutely no reason to be 
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concerned about the economic effects of deflation — unless one equates the welfare of 

the nation with the welfare of its false elites. There are by contrast many reasons to be 

concerned about both the economic and political consequences of the only alternative to 

deflation, namely, re-inflation—which is of course nothing but inflation pure and 

simple.” (Hülsmann, 2008)  

Economics Nobel prize awardee Paul Krugman is on the other hand known for 

his anti-deflationary opinions. In one of his essays on deflation he writes: 

“There are actually three different reasons to worry about deflation, two on the 

demand side and one on the supply side. 

So first of all: when people expect falling prices, they become less willing to 

spend, and in particular less willing to borrow. 

… A second effect: even aside from expectations of future deflation, falling prices 

worsen the position of debtors, by increasing the real burden of their debts. 

… Finally, in a deflationary economy, wages as well as prices often have to fall – 

and it’s a fact of life that it’s very hard to cut nominal wages — there’s downward 

nominal wage rigidity.” (Krugman, 2010) 

An application of his view can also be seen in his article about Bitcoin in 

particular: 

“Bitcoin, rather than fixing the value of the virtual currency in terms of those 

green pieces of paper, fixes the total quantity of cybercurrency instead, and lets its dollar 

value float. In effect, Bitcoin has created its own private gold standard world, in which 

the money supply is fixed rather than subject to increase via the printing press. 

… it reinforces the case against anything like a new gold standard – because it 

shows just how vulnerable such a standard would be to money-hoarding, deflation, and 

depression.” (Krugman, 2011) 
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For these reasons we test the independence of Bitcoin on real economy. The 

independence cannot be proved, however we can test whether there is a statistically 

significant relationship which would be consistent in the long run. 

6.2 Dataset 

We are using the same dataset with structural breaks as in the previous section. In all 

time periods the data sample was enhanced by five more time series. NASDAQ 

composite index was chosen as a representative of United States’ economy, Nikkei 225 

was chosen as the same measure for Japan and SSE Composite for China. Gold and 

Crude oil were selected as safe investments.  

Our expectations ex ante are that there will be dependence between NASDAQ 

and Bitcoin and between gold and Bitcoin. Also we would expect some significant 

dependency between SSE index and Bitcoin. The reason for the first connection, 

NASDAQ and Bitcoin, is that Bitcoin’s main feat is its independence on any national or 

supranational entity. This entitles it to work as an alternative for investors who do not 

trust a nation’s economy. If the US economy is to be slowing down, the stock indices are 

to be decreasing. When this happens the investors could either short-sell the indices or 

buy negatively correlated or uncorrelated assets. We expect Bitcoin to serve exactly in 

this way (as was proposed above in case of Cyprus) thus our expectation is that 

NASDAQ would be significant and having a close to zero or negative coefficient in the 

model. 

For the same reason we expect gold to be significant and positive. It has been 

proven that gold is a safe-haven to many stock and foreign exchange markets (Baur & 

McDermott, 2009; Capie, Mills, & Wood, 2005) Thus if both gold and Bitcoin would be 

alternatives in case of distrust in national economy then they should be moving in the 

same direction. 

The reason for high dependency expectation between Bitcoin and SSE index 

relates only to the year 2013 when Bitcoin was used by Chinese to export wealth out of 

China as any outflow of Yuan abroad is very closely regulated. We would tend to 
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assume that the relationship would be positive meaning when the Chinese stock index is 

growing Bitcoins would be used to outflow the wealth out of the country. 

The presence of structural breaks in the dataset gives us an opportunity to assess 

persistence of the relationship in time. Any inference about relationship of Bitcoin and 

the other variables can be made only if the relationship is long-term, meaning that it 

would appear in more time periods. Also the relationship would have to be stable in term 

of sign of the beta coefficient. 

6.3 Procedure 

All the above mentioned series were adjusted the same way as BTC_Close, meaning that 

the first differences of logarithmic prices were used. The reason for this is again to 

achieve stationary data and avoid spurious regression problem. 

The model performed is in the following form: 

௧݁ݏ݋݈ܿ_ܥܶܤ_݈݀

ൌ ଴ߙ ൅ ଵߚ ∗ ௧݈݀݋݃_݈݀ ൅ ଶߚ ∗ ௧݁݀ݑݎܿ_݈݀ ൅ ଷߚ ∗ ௧ݍܽ݀ݏܽ݊_݈݀ ൅ ସߚ

∗ ݈݀_݊݅݇݇݁݅௧ ൅ ହߚ ∗ ௧ܧܵܵ_݈݀ ൅ ߳௧	,					݁ݎ݄݁ݓ	߳௧	݅ݏ	݅. ݅. ݀. 

It has been firstly applied on the total series (N=1285) with no change points. The 

results included in appendix show that all explanatory variables are strongly insignificant 

except for crude oil, which is significant on 10% significance level. However these 

results cannot be trusted from various reasons. Not only is the R-squared of the model 

smaller than 0.4%; there is also very strong proof of presence of both autocorrelation and 

autoregressive conditional heteroskedasticity in the residuals. It can also be seen that the 

normality of residuals is not achieved in the model, however due to the sample size 

asymptotic normality is achieved via law of large numbers. 

6.4 OLS results in observed periods 

The following table shows results of OLS regressions performed on given time periods. 

The variables significant on 5% level are emphasized in bold letters; corresponding p-
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values are shown beneath the values of the Beta coefficients. Also the numbers of total 

observations in given time periods are shown at the end of the table. 

 

Figure 17 – Results of OLS regressions across time periods. 

Source: Author based on data from MtGox and Bloomberg 

It is shown in the table that there is no significant dependency between returns on 

Bitcoin and returns on Japanese stock market index, Nikkei 225, in any of the observed 

periods. US stock index NASDAQ is significant in 3 out of 10 periods and the same 

holds for returns on crude oil. Gold is significant on 5% significance level in one model 

only. It is also important to mention that there are 5 models in which none of the 

proposed explanatory variables is significant. 

To test for validity of the OLS method tests of normality, collinearity, two tests 

for autocorrelation (Durbin Watson and Breusch-Godfrey) and two tests of 

heteroskedasticity (White and Breusch-Pagan) have been performed separately for each 
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model. The summed up results of all the tests can be found in the appendix. The results 

have shown that in all the models where no significant explanatory variable has been 

found the coefficients are best linear unbiased estimators (BLUE). This is also true for 

models in period 4 and period 9. 

Models in period 2, 5 and 8 had to be re-estimated to account for the 

autocorrelation in the data and heteroskedasticity in model 5. The method chosen for 

autocorrelation and heteroskedasticity robust model was OLS estimation with 

heteroskedasticity and auto-correlation robust standard errors (HAC). Estimations using 

HAC result in non-consistent estimator, however asymptotically valid testing is possible 

(Kiefer, 2001). With the autocorrelation-robust model significance of estimators in all 

three models changes compared to the results shown in the table above. In period 2 crude 

oil becomes significant on 5% significance level and loses its significance in period 5. In 

period 8 NASDAQ index is no longer significant explanatory variable. 

6.5 Comments on the results 

Only one explanatory variable, the Japanese Nikkei index, stays insignificant across all 

10 data periods. Our ex ante anticipation of significant variables being NASDAQ, SSE 

and gold have been confirmed. Also Crude oil is significant variable in at least one time 

period. 

The periods with at least one significant explanatory variable have higher 

explanatory power measured by R-squared. The period two with two significant 

variables has R-squared of 8.75%. The significant variables are crude oil and NASDAQ, 

which, in the contrary to expectations, does not have negative sign of beta coefficient. 

The coefficient is positive and surprisingly high (4.6192) meaning that one percent 

change in NASDAQ index was reflected by more than 4.6% change of Bitcoin price in 

the same direction.  
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Figure 18 – Results of OLS regressions across time periods with robust standard 
errors where necessary. 

Source: Author based on data from MtGox and Bloomberg 

The possible explanation for this could be twofold though both ideas are 

interconnected. Firstly, in this period the 1 million USD capitalization was first recorded. 

As it was mentioned in the previous section this was more speculation than real value of 

Bitcoin for its users. The changes in Bitcoin prices were very closely following changes 

in NASDAQ index which also peaked on 6th of November, so the price growth of 

Bitcoin might have been a spillover effect of US market growth. More importantly, this 

was very early period, less than three month after MtGox exchange was opened. The 

volume traded on the MtGox exchange was also very low both in term of BTC and USD 

meaning the market was not deep enough. Generally speaking at this time Bitcoin was 

still considered to be rather a curiosity than a serious investment possibility and an 

average daily trade on this period was amounting to 5640 USD, thus the market could 

constant ld_gold ld_crude ld_nasdaq ld_nikkei ld_sse N

period 1 1.8.2010 0,0018 ‐0,5880 0,1227 0,4541 0,3677 0,0216 68

‐ 7.10.2010 0,69 0,50 0,68 0,33 0,35 0,97

period 2 8.10.2010 0,0194 ‐0,0120 ‐1,8321 4,4846 ‐1,5165 0,1168 126

‐ 10.2.2011 0,02 0,99 0,04 0,01 0,21 0,89

period 3 11.2.2011 0,0015 ‐0,0895 0,1135 ‐1,1438 ‐0,0449 0,4917 69

‐ 20.4.2011 0,82 0,94 0,82 0,15 0,90 0,57

period 4 21.4.2011 0,0219 ‐2,1167 2,2967 ‐2,0626 ‐0,2057 0,8314 110

‐ 8.8.2011 0,07 0,25 0,01 0,08 0,90 0,59

period 5 9.8.2011 ‐0,0037 0,4271 0,9774 0,4454 ‐0,8435 ‐1,2464 231

‐ 26.3.2012 0,44 0,26 0,06 0,23 0,11 0,01

period 6 27.3.2012 0,0068 ‐0,1509 0,0826 0,1389 0,0586 ‐0,2095 140

‐ 13.8.2012 0,00 0,52 0,66 0,61 0,82 0,48

period 7 20.8.2012 0,0036 0,0252 ‐0,1612 ‐0,0212 0,2772 ‐0,0929 148

‐ 14.1.2013 0,11 0,95 0,47 0,95 0,33 0,71

period 8 15.1.2013 0,0226 1,7248 0,5454 ‐3,2866 0,0090 0,3673 109

‐ 3.5.2013 0,01 0,04 0,54 0,15 0,99 0,63

period 9 4.5.2013 0,0062 0,1461 ‐0,9311 ‐1,0745 0,0174 0,8296 186

‐ 5.11.2013 0,04 0,56 0,01 0,03 0,93 0,01

period 10 6.11.2013 0,0139 ‐1,9479 ‐0,1179 ‐1,1482 0,8419 2,2033 93

‐ 6.2.2014 0,19 0,14 0,94 0,47 0,35 0,12
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have been swung by a single person. For these reasons we do not consider the result of 

this period to be important in explanation of Bitcoin price.  

 

Figure 19 – Volume of Bitcoin trade on MtGox expressed in USD (blue) and BTC 
(red). 

Source: Author based on data from MtGox 

The only other period where NASDAQ is revealed as significant explanatory 

variable is period number 9. In this period NASDAQ is significant on 5% significance 

level and has negative coefficient of -1.0745 meaning that one percent increase of 

NASDAQ index would result in approximately one percent decrease of Bitcoin price. 

This confirms the ex-ante expectations of Bitcoin being an alternative to investment into 

US stock market through NASDAQ index. Also the market depth at both of these 

periods was high enough with approximately 8 million dollar worth of Bitcoins traded 

per day.  

The Chinese SSE index is significant in two periods, number 5 and 9. In the fifth 

period the coefficient is negative and positive in the latter, in both cases significant on 

1% level. The second observation does correspond to our expectation of positive 
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correlation between SSE and Bitcoin; however, the relationship in the 5th period is 

surprising for us. It is also worth mentioning that in the tenth period SSE is also positive 

and close to being significant on 10% significance level. 

One of the biggest surprises in the results is only one period of significant 

connection between price of Bitcoin and gold. As gold is considered to be the safe 

investment for investors this would imply that Bitcoin does not have this property. 

However, it is no coincidence that the strong positive relationship between gold and 

Bitcoin appears in the period 8 which covers first five months of year 2013. As it was 

mentioned above this was the period when Cyprus banking crisis culminated and both 

Bitcoin and gold were considered to be safer alternatives than Cyprus assets. 

To sum up the results of the performed OLS regressions we have to state that no 

long-term nor stable relationship can be observed. The significance of the explanatory 

variables differs greatly amongst the 10 observed periods with none of them being 

significant in more than 3 periods and none being significant in two periods in a row. 

There is also no consistence in the sign of the significant beta coefficients. Even though 

the explanatory power of models where the significant variables can be found ranges 

between 7 to 10%, a good result for daily financial data, we reject our initial hypothesis 

of long-term relationship between Bitcoin and real economy. This means that the 

independency of Bitcoin was not rejected and there is no way of creating expectations of 

Bitcoin value based on the variables used. 
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7 Conclusion 

This paper examines features of the new and arguably first broadly used virtual currency, 

Bitcoin. In the first part we have explained the term virtual currency and have examined 

the current legal status of Bitcoin in various countries around the world and focused on 

the history of formerly most important Bitcoin exchange, MtGox. The price of Bitcoin at 

MtGox has become the basis of our econometric study. We have struggled with the 

structure of the dataset as it has been spoiled by the effects of MtGox entering and 

exiting the market. Also very high spikes and changing volatility has been observed. To 

account for the changes in the dataset we have employed the Iterated cumulative sums of 

squares (ICSS) algorithm introduced by Inclan & Tiao (1994) and found 10 significant 

structural breaks in the dataset. 

Our first econometric research focused on presence of conditional 

heteroskedasticity in the data and the importance of structural breaks in its modelling. 

We have confirmed the presence of conditional heteroskedasticity and applied models 

from autoregressive conditional heteroskedasticity (ARCH) family. The TARCH (1,1) 

model with structural breaks as variance dummy variables was found to be the best fit for 

the data. Also the importance of incorporating the structural breaks in the explanation of 

conditional heteroskedasticity has been shown and this result is consistent with the 

literature. 

The second part of my research focused on finding any significant relationship 

between “intangible” Bitcoin and “tangible” economy through method of Ordinary least 

squares (OLS). We have used NASDAQ composite index, Nikkei 225, SSE Composite, 

gold and crude oil prices to find any significant relationship between them and Bitcoin. 

The structural breaks have been used to divide the data sample into 10 time periods. 

Even though there have been found some relationships between Bitcoin and the 

mentioned variables, these relationships differed through the time periods in terms of 

both significance and sign. Our conclusion here is that there is no significant long-term 

relationship between the price of Bitcoin and the “tangible” economy. This results 

reinforces the hypothesis of Bitcoin’s independency.  
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9 Appendix 

9.1 Dataset adjustment 

1) Summary statistics of the original dataset 

 

2) Results of Augmented Dickey-Fuller test of the original dataset 

Augmented Dickey‐Fuller test for BTC_Close 
including 21 lags of (1‐L)BTC_Close (max was 22) 
sample size 1298 
unit‐root null hypothesis: a = 1 
 
   test with constant  
   model: (1‐L)y = b0 + (a‐1)*y(‐1) + ... + e 
   1st‐order autocorrelation coeff. for e: 0.005 
   lagged differences: F(21, 1275) = 18.607 [0.0000] 
   estimated value of (a ‐ 1): ‐0.00397387 
   test statistic: tau_c(1) = ‐1.44414 
   asymptotic p‐value 0.5621 
 
   with constant and trend  
   model: (1‐L)y = b0 + b1*t + (a‐1)*y(‐1) + ... + e 
   1st‐order autocorrelation coeff. for e: ‐0.001 
   lagged differences: F(22, 1272) = 17.975 [0.0000] 
   estimated value of (a ‐ 1): ‐0.00793909 
   test statistic: tau_ct(1) = ‐2.33164 
   asymptotic p‐value 0.4161 
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3) Summary statistics of the differentiated dataset

 
 

4) ACF and PACF of the differentiated series 
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5) Results of Augmented Dickey-Fuller test of the differentiated dataset 
 

Augmented Dickey‐Fuller test for ld_BTC_Close 
including 21 lags of (1‐L)ld_BTC_Close (max was 22) 
sample size 1297 
unit‐root null hypothesis: a = 1 
 
   test with constant  
   model: (1‐L)y = b0 + (a‐1)*y(‐1) + ... + e 
   1st‐order autocorrelation coeff. for e: 0.002 
   lagged differences: F(21, 1274) = 4.950 [0.0000] 
   estimated value of (a ‐ 1): ‐0.540814 
   test statistic: tau_c(1) = ‐4.78051 
   asymptotic p‐value 5.618e‐005 
 
   with constant and trend  
   model: (1‐L)y = b0 + b1*t + (a‐1)*y(‐1) + ... + e 
   1st‐order autocorrelation coeff. for e: 0.002 
   lagged differences: F(21, 1273) = 4.924 [0.0000] 
   estimated value of (a ‐ 1): ‐0.549844 
   test statistic: tau_ct(1) = ‐4.8475 
   asymptotic p‐value 0.0003531 

 
6) Histogram of the differentiated series 
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7) Table of quantiles for ICSS procedure 
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9.2 Volatility inspection results 

1) ARMA (7,0) regression results
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2) ARCH LM test of ARMA (7,0) results

 
3) Results of TARCH (1,1) with dummies 
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4) Standardized residuals of TARCH(1,1) model

 
5) Histogram of standardized residuals of TARCH (1,1) model 
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6) Correlogram of squared standardized residuals of TARCH (1,1) model 

 
7) Correlogram of absolute values of standardized residuals of TARCH (1,1) model 
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9.3 OLS regression results 

1) Results of OLS model performed on the whole dataset 
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2) Summary of OLS regressions results
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