
 

  

 

 

 

MASTER 

MATHEMATICAL FINANCE 

 

 

MASTER´S FINAL WORK 

DISSERTATION 

 

 

AN ANALYSIS OF BITCOIN AS AN ASSET 

 

 

CATARINA SOARES PEREIRA 

 

 

 

 

 

 

OCTOBER-2021 



 

  

 

 

MASTER 

MATHEMATICAL FINANCE 

 

 

MASTER´S FINAL WORK 

DISSERTATION 

 

 

AN ANALYSIS OF BITCOIN AS AN ASSET 

 

 

CATARINA SOARES PEREIRA 

 

SUPERVISION: 

MARGARIDA ABREU 

NUNO CRATO 

 

 

OCTOBER-2021



 

  

 

 

 

 

 



 

i 

 

GLOSSARY 

 

EBA – European Banking Authority 

CFTC – Commodity Futures Trading Commission 

CME – Chicago Mercantile Exchange 

CBOE – Chicago Board Options Exchange 

ARCH – Autoregressive Conditional Heteroskedasticity  

GARCH – Generalized Autoregressive Conditional Heteroskedasticity 

E-GARCH – Exponential Generalized Autoregressive Conditional Heteroskedasticity 

ACF – Autocorrelation Function 

PACF – Partial Autocorrelation Function 
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ABSTRACT 

 

Bitcoin is nowadays one of the most popular topics among the public and academia. 

The increased popularity and market capitalization of Bitcoin have generated much 

controversy among the scientific community about whether this cryptocurrency can be 

used as an asset or as a new form of a medium of exchange. 

With these questions in mind, I decided first to assess if Bitcoin can be incorporated 

into one singular category, asset, or medium of exchange; or if it is a mix of these two. 

Second, enquire how its variance shifts according to shocks in the market and if this 

reaction can be compared with Gold. Third, infer if there is an asymmetry effect in 

volatility, i.e., if bad news generate less volatility than good news. 

The conclusions drawn from this study are that Bitcoin does not fit entirely into one 

category. There is no clear indication as to whether Bitcoin is a medium of exchange or 

an asset. Regarding its behavior in the market, it is possible to conclude that Bitcoin does 

not have management capabilities, and concerning the comparison with Gold, I concluded 

that Gold is still superior in terms of being a good asset to hedge market risk. The 

asymmetry effect is not significant in Bitcoin, whereas in Gold, several studies proved 

that this effect is one of the main properties that make Gold a safe haven. 

 

Keywords: Bitcoin, Asset, Medium of exchange, Market, Gold  
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1. INTRODUCTION 

 

Bitcoin was introduced to society in 2009 by an anonymous author who used the alias 

Satoshi Nakamoto and wrote a paper about a peer-to-peer electronic cash system. This 

novelty brought a whole new dimension to the world: up to this point, online money was 

only used in video games and never brought into financial markets or even into the real 

world. Commerce on the internet mostly depends on financial institutions serving as 

intermediaries to process electronic payments. The cost of having a third-party mediating 

increases transaction costs, limits the size of transactions, and reduces the possibility for 

small and casual transactions – this is where Bitcoin enters (Nakamoto, 2008). 

One of the original goals of this author was to eliminate the third party required for a 

standard transaction between fiat currencies; the intention was to introduce the concept 

of a decentralized currency. The differentiating factor revolving around this subject is the 

creation of the blockchain technology, which introduced a decentralized distributed 

ledger that records the origin of a digital asset and every transaction made. Blockchain 

also involves elements such as cryptography, consensus mechanisms1 , and smart 

contracts2. 

There were 21 million Bitcoins created in total. They are discovered through mining, 

which consists of solving pre-specified cryptography problems that other miners 

posteriorly verify. Up to this day, 18.6 million Bitcoins have been mined, and the last 

Bitcoin is predicted to be mined in 2140. To enforce this calendarization, protect the 

Bitcoin exchange rate from the inflationary pressures, and strengthen the concept of 

digital scarcity3, the miner’s rewards are split in half every 210000 blocks mined. This 

process happens approximately every four years, which brings the reward for each block 

mined to 6.25 Bitcoins up to now. 

In recent years, and now due to the COVID-19 pandemic, investors have been 

searching for potential sources of return that are not correlated to the traditional financial 

 
1 Fault tolerant mechanism that is useful for keeping records. 

2 Smart contracts are blockchain technology-based and self-executing, since they run in the blockchain they 

are free from the control of any entity (Forum, World Economic, 2021). 

3 Limiting resources through a software, it is possible to control the number of coins and how they are 

exchanged in the online world (Citi GPS: Global Perspectives and Solutions, 2021). 
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markets. These new policies have been driving attention to cryptocurrencies. All the 

speculation around this topic has created a generalized interest in the public and academia, 

with diverging opinions arising, some in favor and some against Bitcoin being used as an 

asset or as a means of payment. The prospect of having international transfers with low 

transaction costs and the autonomy and discretion factors involving these actions has been 

most desired by economic agents. 

The answer to the research questions will be essential to explain the meaning of Bitcoin 

and its role in financial markets. Bitcoin has lately been called “the new Digital Gold.” If 

this comparison holds, there is a possibility that the market capitalization of Bitcoin may 

start to move towards the market capitalization of Gold in the future, introducing a 

valuable trade (Citi GPS: Global Perspectives and Solutions, 2021). 

In this dissertation, I will study Bitcoin by examining its evolution in the financial 

markets. I will contrast the results with those obtained by previous papers, which analyzed 

the first of the cryptocurrency data.  

Research Questions: 

● What are the user’s intentions when acquiring Bitcoin? Does Glaser et al., (2014) 

approach still make sense today? 

● How does Bitcoin react to market indexes, a commodity such as Gold, and interest 

rates? Is Bitcoin more sensitive to disturbances in the European or American 

market? 

● Is Bitcoin influenced by the same variables as Gold? Is the asymmetry effect 

significant in Bitcoin? Is this a good indicator for Bitcoin to be used as a hedging 

instrument?  

In order to investigate these research questions, I will proceed as follows. 

For the first question, I will be following the approach of Glaser et al., (2014) and see 

if the conclusions maintain, which are that new users are likely to stay with the exchange 

trading, holding Bitcoin as an alternative investment asset, instead of using Bitcoin as a 

medium of exchange for purchasing goods and services.  

To evaluate this, I am going to use Google trend searches on the word “Bitcoin”, the 

network volume, and the exchange volume, i.e., the volume that records the transactions 

that occur due to acquiring goods and services and the volume that records the buying 

and selling of Bitcoins in exchange markets, respectively. 
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In this model, the objective is to infer if the authors' results in the early ages of Bitcoin 

still apply to more recent data. By analyzing the impact that Google trend, network 

volume, and exchange volume have on each other, it will be possible to conclude if, as 

the number of Bitcoin searches increases, the exchange and the network volume follow 

the same path. If the Google trend searches impact the exchange volume or the network 

volume, this would mean that people searching the word Bitcoin on Google may 

positively or negatively impact the volumes. 

Before executing this model, it is already expected to encounter some limitations due 

to using the Google trend as a proxy for new users. Nowadays, because the world is 

familiarized with Bitcoin, there is no need to search the web for more information about 

this cryptocurrency before investing. 

 For the second question, I will analyze how certain market indexes, interest rates, and 

commodities influence Bitcoin’s variance by using an ARCH/GARCH model and the 

variables S&P500, Eurostoxx50, Gold price, German bonds, and Federal Funds with 3-

month maturity, and the EUR_USD exchange rate. In this section, I will follow the work 

of Dyhrberg (2016). This approach helps investors estimate the volatility of the variables 

and use this information to determine risk and which assets may offer greater returns. It 

can also be perceived if Bitcoin is more susceptible to European or American markets by 

using the market indexes and interest rate proxies for the larger two economies in the 

western world.  

 I will also fit an ARCH/GARCH model for Gold to test if the same variables influence 

it. Since the 20th century, Gold has been a good hedging instrument during an economic 

crisis due to its properties. Nowadays, Bitcoin and Gold have been compared as safe 

haven4 due to some similarities in their properties.  

This model will assess the price volatility and infer similarities in how they react to 

financial markets.  

For the third and last question, I will estimate an exponential GARCH model or E-

GARCH. This model will assess whether there is an asymmetry effect, i.e., if negative 

 
4 A strong / weak safe haven is defined as, an asset that is negatively correlated / uncorrelated with another 

asset or portfolio in certain periods only. 
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shocks have a more significant influence on future volatility than positive shocks, which 

will allow evaluating if it is possible to use Bitcoin to hedge market risk.  

When there is a negative shock in the market (for example, bad news), the returns on 

Bitcoin decrease less than they increase when there is a positive shock (for example, good 

news); this does show an asymmetry. 

In the paper, Dyhrberg (2016) concluded that positive and negative shocks do not 

affect Bitcoin returns asymmetrically and assumed from previous studies that Gold 

behaves in the same way. So, it is possible to use them to hedge market risks that affect 

other assets asymmetrically. According to Dyhrberg (2016), when there is a time of 

financial stress, Bitcoin and Gold are good assets to escape the stress the market is 

suffering. 

This work will be divided into five chapters starting with the introduction. The second 

chapter will analyze several papers discussing themes of interest for this dissertation, such 

as the use of Bitcoin in financial markets and the comparison made with Gold. In the third 

chapter, I have the data methodology that will englobe, the data context - where it will be 

explained the models used and the data collection - where it will be described how the 

data was collected and treated. The fourth chapter will be the empirical strategy; this will 

be composed by the data modeling - in this part, I will estimate several models to find the 

best fit for our dataset, by the estimation problems, and by the results - where I will 

evaluate the models chosen as the best fit and weigh the significance of the variables. The 

fifth and final chapter will be the conclusion. 
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2. LITERATURE REVIEW 

 

2.1. FROM THE FUNCTIONS OF MONEY TO THE EVOLUTION OF THE 

PAYMENT SYSTEM 

 

Theoretically, money is defined in terms of the function it performs; the specifications 

money must meet are of a medium of exchange/means of payment, a unit of account, and 

a store of value. Out of these three, the medium of exchange and unit of account functions 

are considered the most important. The means of payment function implies that money 

must act as a medium to buy and sell goods and services. The unit of account function is 

used to measure economic value; this indicates that money must provide standardized 

terms in which prices are quoted. The store of value function means that the purchasing 

power is transferred from the present to the future. An economic agent must be able to 

save his money in the present to spend in the future (Mishkin, 1986). 

Money is not the only one that can function as a store of value; for example, assets like 

stocks and bonds can also perform this function, and most of the time, they pay a higher 

interest rate than money. However, these assets face a problem money does not: liquidity, 

i.e., how fast and easy can an asset be converted into a medium of exchange. Since money 

is already a medium of exchange, it is the most liquid asset, so it is a superior store of 

value.  

In a more specific definition, money is anything accepted directly as a medium of 

exchange. In consumer economies, the currency held by the public and decreed by the 

government as legal tender 5 performs this role. 

Acquiring goods and services has been necessary since the early ages. Since humans 

started to produce more than they required, the need for commerce started, and so did the 

need for money as a means of payment. First, the Barter economy appeared; people traded 

goods and services according to their needs, this was an economy without money. This 

was not especially efficient; the trades possible to execute were very restricted and with 

very high transaction costs. The next phase was to use precious metals or any other 

commodity to serve as money; since money must be universally accepted, a natural 

 
5 Anything recognized by law that is accepted as payment. 



 CATARINA PEREIRA AN ANALYSIS OF BITCOIN AS AN ASSET 
 

6 

 

candidate was precious metals such as silver and Gold that had value to everyone, was 

easily divided, and did not quickly deteriorate. This was known as Commodity money, 

and it had drawbacks like the difficulty in transporting. 

These days, we have paper money. Money represents purchasing power, but in itself 

has no value; it is just symbolic. As it is called, fiat money is not backed by any physical 

commodity, and it is paper currency decreed by the government that legally it must be 

taken as payment. This allows it to perform as a medium of exchange (Mishkin, 1986). 

In the 21st century a new asset emerged, cryptocurrencies, they are a subsection of 

virtual currencies that use cryptography to create a secure peer-to-peer decentralized 

network to handle electronic transactions. Bitcoin is the first cryptocurrency that reached 

this level of curiosity and acceptance worldwide and with the biggest market share.  

 

2.2. ARGUMENTS AGAINST BITCOIN AS A MEANS OF PAYMENT 

 

To meet the standards of a currency, Bitcoin must convene the three functions stated 

above; it must function as a medium of exchange, a unit of account, and a store of value. 

Yermack (2015) explains why there are problems with considering Bitcoin a currency. 

The first function of money is to act as a means of payment, regarding Bitcoin performing 

this function, the problem lies in the fact that its value as a means of payment depends on 

its widespread acceptance, which requires its widespread use in the economy. 

To function as a unit of account, consumers must treat it as a numeraire when 

comparing prices, the problem here lies in the extreme volatility presented by Bitcoin; the 

prices would have to be frequently recalculated, which would prove costly and confusing. 

“The volatile price moves can wipe out any profit margin of a merchant within a 

matter of hours.” (Roubini, 2021). 

The store of value functions is questioned due to the system's threats and the fact that 

Bitcoin has no intrinsic value, and it can instantly lose its value.  

Besides these, there are other characteristics Bitcoin does not possess, for example, it 

is not possible to deposit it in a bank it must be kept through a system of “digital wallets” 

that is expensive to preserve and vulnerable to attacks, so it does not guarantee the same 

safety as a financial institution. 
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Since its launch, there were always divergent opinions about whether it serves best as 

a currency or speculative investment. One of the main problems associated with Bitcoin 

is the high price volatility, which makes it challenging to consider this cryptocurrency a 

medium of exchange; and its lower liquidity, it takes too long to migrate from the 

electronic to the physical system. 

The lack of liquidity can impact the transaction volume. The Bid-Ask Spread, the 

difference between the bid and the ask price – the bid is the price the seller offers, and the 

ask is the price the buyer demands – has a negative relation with the transaction volume. 

This means that if a high bid-ask spread makes it more difficult to buy and sell Bitcoin in 

the cryptocurrency market, it will also be more difficult to acquire it for purchases and 

other non-financial transactions (Pagano and Sedunov, 2020). 

The awareness and generalized virality are critical factors in Bitcoin’s demand and 

interest surge. News, positive or negative, can influence investors to buy, sell, or bring 

new investors to the market. The introduction of cryptocurrencies in the market has drawn 

attention from regulators concerned about the lack of legislation worldwide to address 

these decentralized coins legally.  

The fact that Bitcoin is not legally regulated brings out some uneasiness concerning 

the possible illegal activities achievable by using this as a means of payment. The Silk 

Road is an example of the use of Bitcoin for illegal activities; this online black market 

was launched in 2011 and named after the historical trade route that connected Europe 

and east Asia. There, it was possible to acquire illegal goods and services, such as drugs, 

sex workers, and hitmen. When the US Department of Justice seized this website, it was 

found that approximately 9.5 million Bitcoins changed hands between sellers and 

consumers, and it had 1.2 billion dollars’ worth of illegal goods and services (Coindesk, 

n.d.). This event brought uncertainty and lack of confidence in the Bitcoin market because 

the primary argument used in favor of cryptocurrencies was anonymity and freedom from 

any government. 

Gandal et al., (2018) discovered that suspicious trading was related to increased prices. 

The Mt. Gox hack was an event that proved the system lacked security: a once thought 

secure Bitcoin exchange, based in Japan, that controlled approximately 80% of Bitcoin 

transactions worldwide. In the days preceding this event, exchange rates and trading 

volume both increased significantly; on the other hand, in the days where no suspicious 
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trading occurred, the exchange rate was flat or decreasing. As the Bitcoin ecosystem 

becomes more united with international finance and payment systems, regulators are on 

high notice to take active oversight roles. 

Regulatory and risk agencies such as the European Banking Authority (EBA) warned 

about the risks deriving from buying, holding, or trading virtual currencies, namely 

Bitcoin. The EBA stated that consumers were exposed to a high level of risk since there 

was no regulation to protect them and recommended prudence due to the unpredictability 

around its value (European Banking Authority, 2014). 

 

2.3. THE ROLE OF BITCOIN IN FINANCIAL MARKETS AND ITS 

PERFORMANCE DURING A CRISIS 

 

There is some interest in understanding why and if Bitcoin transactions influence the 

market and give some indicators to traders. The openness of the Bitcoin network and the 

transparency about the information distribution of the transfers allow market participants 

to identify, classify and incorporate relevant events in their trading strategies. According 

to Ante and Fiedler (2021), large Bitcoin transfers make the market react; this is an 

important feature of Bitcoin’s market structure and informational efficiency6; specific 

transactions can predict short-term returns. However, this strategy is only sustainable for 

high-frequency traders7. 

To comprehend Bitcoin, it is first valuable to know how newly introduced economic 

agents perceive it. Glaser et al., (2014) researched whether the demand for exchanging 

the local currency into Bitcoin and using Bitcoin to buy and sell goods and services 

increases with the initial attention on Bitcoin. The conclusion was that newly attracted 

users seemed to prefer to use it as an asset and trade it on exchanges for its speculative 

purpose, as an alternative investment vehicle. This study was made with very early data 

on Bitcoin. 

 
6 Informational efficiency is a natural consequence of competition, few barriers to entry, and low costs of 

obtaining and publishing information. Investors have access to the same amount of information. 

7 High-frequency trading (HFT) is a system of trading that uses computer programs to transact large 

numbers of orders in fractions of seconds. 
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In theory, if Bitcoin is mainly used as a medium of exchange to pay for goods and 

services, it will compete with fiat currencies, such as the American dollar or the Euro, 

and influence the value of the fiat currency. Eventually, this will affect monetary policies 

implemented by the central bank. However, if it is mainly used as a speculative asset, it 

will compete with other assets, such as government bonds, stocks, and commodities (Baur 

et al., 2018).  

Bitcoin has a fixed supply; as mentioned, only 21 million were created. However, the 

demand is not fixed. This disequilibrium in supply and demand could lead to deflationary 

effects - demand growth may continually exceed supply growth in the future (Baur et al., 

2018). 

In September 2015, Bitcoin was considered a commodity by the Commodity Futures 

Trading Commission (CFTC). Furthermore, in December 2017, it joined the league of 

the legitimate asset classes when Bitcoin-based futures contracts were introduced in the 

Chicago Mercantile Exchange (CME) and the Chicago’s Board Options Exchange 

(CBOE). In January 2020, the CME launched Bitcoin futures Option. These 

advancements brought new possibilities on how Bitcoin can be used and how it affects 

financial markets (Li et al., 2021). 

Baur et al., (2018) analyzed whether Bitcoin was a medium of exchange or a 

speculative asset by comparing it with several assets, market indexes, and commodities 

such as Gold and silver. They observed that Bitcoin’s returns display the highest returns 

and volatility compared with the other assets and that it presents very negative skewness, 

which indicates an asymmetric Bitcoin return distribution – this may represent the periods 

with high market volatility. They also concluded that Bitcoin was uncorrelated with any 

asset return and showed a low positive correlation with the S&P500; this did not happen 

with any other asset studied.  

Bouri et al., (2020) studied the relationship between Bitcoin, Gold, and commodities 

against global and country stock market indexes through a wavelet analysis. This allows 

for a better understanding of the interdependence between markets and determines the 

best time-frequency for these three assets to act as a hedge or a safe haven. This method 

offers a more complete view of the correlation between the assets. The results show that 

the dependence between the assets and the stock market is weak, with Bitcoin being the 
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least dependent. In terms of diversification benefits, Bitcoin showed superiority compared 

to the other variables. 

Due to its easy transaction system and decentralization, Bitcoin is often seen as an 

escape from the country’s policies and weaknesses in the financial system. Previous 

studies (Luther and Salter, 2017) revealed that the price of Bitcoin increased dramatically 

during the European debt crisis of 2010-2013 and the Cypriot banking crisis of 2012-

2013 as investors saw the opportunity to protect themselves against political risk. 

Since Bitcoin is apart from the fiat money system and at this time does not play a 

significant role in the financial system, it may be possible to consider it a safe haven 

against financial stress despite its excess volatility when compared to other assets in the 

financial system. The uncorrelated relation between Bitcoin and market indexes such as 

the S&P500 provides a weak safe haven in times of financial turmoil or economic 

collapse (Baur et al., 2018). 

To understand Bitcoin’s use during periods of economic stress, Pagano and Sedunov 

(2020) analyzed Venezuela's crisis. This country is one example of an unstable nation 

with political, social, and economic distress. Therefore, this serves as a test to understand 

whether economic agents prefer to transition to an alternative currency when their own is 

under extreme pressure. These authors assumed that if Bitcoin has value as a hedging 

instrument during stress periods, there would be an increase in its transactions as a way 

to escape the devaluation in the nation’s currency. This analysis supported the use of 

Bitcoin as a potential hedging instrument, as an interest in Bitcoin appeared and the 

transaction volume increased.  

 

2.4. BITCOIN AND GOLD 

 

Recently Bitcoin has been compared to Gold as a way to protect investments since 

they share some characteristics. Gold is a precious metal that belongs to the commodity 

family and is a well-known diversifier8 against stock market returns, mainly due to its 

safe-haven properties that allow it to hedge stock movements in times of economic 

 
8 A diversifier is defined as an asset that is positively, but not perfectly correlated with another asset or 

portfolio on average (Baur and Lucey, 2009). 
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recessions (Baur and Lucey, 2009). I.e., Gold is uncorrelated or negatively correlated to 

other assets in periods where there exists market tension.  

Gold is used in industrial components, jewelry, investment assets, and reserve assets. 

It is highly liquid, as it can be bought or sold 24h a day. Central banks hold a large 

proportion of Gold stocks for several reasons, such as diversification and economic 

security - Gold mitigates the impact of a crisis and maintains its value against the market 

crisis. Furthermore, the demand for Gold is prone to increase as the dollar depreciates 

since the mean value of Gold returns is negatively influenced by the dollar (Tully and 

Lucey, 2007). 

The similarities between Bitcoin and Gold are important to understand since Bitcoin 

is being called “the new Digital Gold”. Both are mined, which means that there is a 

limited supply and a specific creation process (there are only 21 million units created for 

Bitcoin, and the amount of Gold left in the world is unknown). Moreover, as previously 

said, Bitcoin is now regulated as a commodity by the CFTC, like Gold (Bouri et al., 2020). 

As to the differences, Gold and Bitcoin differ in history, tangibility, intrinsic value, 

volatility, and consumption (Bouri et al., 2020).  

 Bouri et al., (2016) showed evidence of the asymmetric impact of news on Bitcoin, 

specifically in the period before the crash of 2013, it is observed an inverse relation 

between past shocks and volatility, i.e., positive shocks increase the volatility more than 

negative shocks, this is considered the safe-haven property by the authors. In the post-

crash period, this property ceased, which indicates that Bitcoin lost its ability to 

compensate investors for losses during periods of turmoil. Baur (2012) showed that Gold 

has the safe-haven property; the volatility of Gold returns reacts inversely to negative 

shocks. When there is an increase in the Gold price, investors understand this sign as a 

signal of future adverse conditions and uncertainty in other assets.  

Due to the frequent comparison between Bitcoin and Gold, Al-Khazali et al., (2018) 

decided to analyze the impact of positive and negative macroeconomic news in Gold and 

Bitcoin volatility and returns by using macroeconomic news surprises indexes. The study 

confirmed an impact on the returns and volatility of both and that the impact of news 

surprises, both good and bad, is more substantial for Gold. However, Bitcoin is different 

from Gold, with returns and volatility reacting to macroeconomic news inconsistent with 

a safe haven. This finding is essential for investors since it implies predictability for Gold 
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returns and volatility based on positive and negative news surprises, which do not happen 

for Bitcoin. The markets for Bitcoin and Gold do not share the same principles.  
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3. DATA AND METHODOLOGY 

 

3.1. DATA COLLECTION 

 

The data consists of 334 weekly observations dated from October 2014 until February 

2021, of Bitcoin price, Bitcoin exchange volume (Yahoo Finance, n.d.), Bitcoin network 

volume (Blockchain, n.d.), Gold price (Yahoo Finance, n.d.), German bonds with 3 

months maturity (Investing, n.d.), Federal Funds with 3 months maturity (Federal Reserve 

Economic Data, n.d.), S&P500 index (Investing, n.d.), Eurostoxx50 index (Investing, 

n.d.), EUR_USD exchange rate (Yahoo Finance, n.d.), and Google trend search on the 

word “Bitcoin” (Google Trend, n.d.)The prices variables used are of the “Close price”. 

Bitcoin price, exchange volume, Gold price, and EUR_USD exchange rate data are 

sourced from Yahoo Finance, posteriorly the Bitcoin price, the Gold price, and the 

EUR_USD exchange rate are annualized for the comparison with the interest rates proxies 

be more accurate since interest rates are annual. The network volume is sourced from 

Blockchain.com. To use these two distinct volumes, we take on the assumption done by 

the authors Glaser et al., (2014) that when economic agents want to buy and sell Bitcoin 

usually stay in the exchange, so the transaction is not recorded in the blockchain. As for 

the network volume, the transaction occurs and is verified in the blockchain to trade 

Bitcoin for goods and services.  

The EUR_USD exchange rate measures how many US dollars are needed to buy one 

Euro; this exchange rate represents the world's two largest and most influential 

economies. 

The German bonds with 3 months maturity, the S&P500 index, and the Eurostoxx50 

index are obtained from Investing.com, and the Federal Funds with 3 months maturity 

are obtained from the Federal Reserve Economic Data (FRED of St. Louis). The German 

bonds and the Federal Funds act as proxies for interest rates for the American and 

European markets, respectively. The S&P500 index is considered the best single gauge 

of large-cap U.S equities, and it includes the 500 leading companies capturing roughly 

80% coverage of available market capitalization. The Eurostoxx50 is Europe's leading 

Blue-chip index, and it tracks shares of recognized and financially stable publicly traded 
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companies. The S&P500 and the Euroxtoxx50 are also annualized for the same reason 

enunciated above. 

The Google Trend searches on the word “Bitcoin” are in percentage and will serve as 

a proxy for new Bitcoin users, people who are interested in acquiring the cryptocurrency, 

and in doing so, search the web for more information. 

 

3.2. DATA CONTEXT 

 

To start the models' estimations, it is necessary to check the stationarity of the time 

series. We need to perform unit root tests: the augmented Dickey-Fuller test (ADF) and 

the Philips-Perron test (PP). These tests have as a null hypothesis the existence of a unit 

root, so if we do not reject H0, the series has a unit root. So, it is necessary to do a proper 

transformation; most likely, it is required to take the first differences. 

After checking and making our time series stationary, it is time to estimate models and 

assess the results. 

In econometrics. it is necessary to do more than just checking whether one variable 

impacts another. Specifically, in financial applications, it is helpful to model the attitude 

of investors towards expected returns and, also, risk (uncertainty). These models need to 

be able to deal with the volatility associated with these series. Due to this fact, a 

heteroscedasticity model is introduced; this model can deal with the non-constant 

variance typically found in financial time series. 

Engle developed the ARCH (Autoregressive Conditional Heteroskedasticity) model in 

1982, where he states that the variance of the residuals at time t depends on the squared 

error terms from past periods. This model allows to analyze and forecast the variance of 

financial and economic time series over time. 

It starts by allowing the variance of the residuals to depend on history or to have 

heteroskedasticity because the variance will change over time. This is possible by 

permitting the variance to depend on lagged periods of the squared error terms. If we only 

have one lagged term, we have the simplest form of the model, as in equation (3).  

 

(1) 𝑌𝑡  =  𝛼 +  𝛽 𝑋𝑡  +  𝑢𝑡 



 CATARINA PEREIRA AN ANALYSIS OF BITCOIN AS AN ASSET 
 

15 

 

(2) 𝑢𝑡 = 𝜎𝑡 휀𝑡 , 휀𝑡 ~ idd (0,1) 

(3) σ2
t= γ0 +  γ1ut−1

2  

 

In this complete model described by these three equations, 𝑋𝑡 is the explanatory 

variable, 𝛽 is the coefficient, and 휀𝑡 is independently distributed (Asteriou and Hall, 

2011).  

If the conditional variance depends on more than one lagged period. Then ARCH(q) 

may be appropriate: 

 

(4) 
𝜎2

𝑡  = 𝛾0 +  𝛾1𝑢𝑡−1
2  + 𝛾2𝑢𝑡−2

2  +. . . + 𝛾𝑞𝑢𝑡−𝑞
2  

= 𝛾0 + ∑ 𝛾𝑗𝑢𝑡−𝑗
2𝑞

𝑗=1  

 

One of the major drawbacks of the ARCH specification was that it looked more like a 

moving average model than an autoregression. To correct this, Tim Bollerslev introduced 

a new model in 1986, the GARCH (Generalized Autoregressive Conditional 

Heteroskedasticity). This model included the lagged conditional variance terms as 

autoregressive terms (Asteriou and Hall, 2011). The simplest case is the following 

equation: 

 

(5) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  

 

In the more general case, the GARCH (p,q) is represented as follows: 

 

(6) 𝜎2
𝑡= 𝛾0 + ∑ 𝛿𝑖𝜎

2
𝑡−𝑖

𝑝
𝑖=1  + ∑ 𝛾𝑗𝑢𝑡−𝑗

2𝑞
𝑗=1  

 

ARCH and GARCH models have become standard tools; these models provide a 

volatility measure that can be used in portfolio selection, risk analysis, and derivative 

pricing (Tully and Lucey, 2007). 

Besides these two models, we also have the exponential GARCH or E-GARCH, a 

model first developed by Nelson in 1991. The GARCH and E-GARCH models differ in 
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two main aspects. First, the E-GARCH model allows good and bad news to have a 

different impact on volatility, while the standard GARCH model does not. Second, the E-

GARCH model allows big news to impact volatility more than the standard GARCH 

model significantly. 

The E-GARCH model allows testing for whether the returns are asymmetrically 

affected by good and bad news, i.e., volatility falls under positive news and rises under 

negative news. 

 

(7) 𝑙𝑜𝑔(𝜎2
𝑡)  =  𝛾 +  ∑ |

𝑢𝑡−𝑗

√ℎ𝑡−𝑗

| 휁𝑗

𝑞

𝑗=1

 +  ∑
𝑢𝑡−𝑗

√ℎ𝑡−𝑗

𝑞

𝑗=1

𝜉𝑗  +  ∑ 𝛿𝑖𝑙𝑜𝑔(ℎ𝑡−𝑖)

𝑝

𝑖=1

 

 

On the equation above, we model the log of the variance series. If we have 𝝃1 =  𝝃2  =

 . . . = 𝝃𝑞 = 0, then the model is symmetric; if 휀𝑗 < 0 for some j, then positive shocks 

(good news) generate less volatility than negative socks (bad news) (Asteriou and Hall, 

2011). 

 

3.3. EXPLORING DATA 

 

Before initiating the estimation of the models, it is necessary to determine if all of the 

variables are stationary. To do this, we rely on the unit root tests, the Augmented Dickey-

Fuller (ADF), and the Philip Perron (PP) tests.  

The first model tests the Bitcoin network and exchange volume, the google trend 

searches on the word “Bitcoin”, and the returns of Bitcoin - which consists of the 

difference between two consecutive week prices; this difference represents an investor's 

profit when investing. After performing the two tests on all the variables, the empirical 

evidence suggests that the series are difference stationary. 

The second model, the ARCH/GARCH estimation of Bitcoin and Gold price, tests the 

variables, Bitcoin price, Gold price, Eurostoxx50 index, S&P500 index, EUR_USD 

exchange rate, German bonds, and Federal Funds. After the stationarity tests, it is 

concluded that only the German bonds and the Federal Funds need to be transformed in 
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their first differences, and all the other variables are already stationary. As in Dyhrberg 

(2016), the Bitcoin and the Gold prices are taken in logarithms form. 

For the third model, the E-GARCH estimation, the dependent variable is Bitcoin, and 

it is transformed in the logarithm following the approach of the previous model and 

Dyhrberg (2016), the other variables used are all already proved to be stationary from the 

second model.  
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4. EMPIRICAL STRATEGY 

 

4.1. DATA MODELING 

 

According to the two hypotheses stated by the authors Glaser et al., (2014), an increase 

in Bitcoin participants is associated with an increase in the Bitcoin network and exchange 

volume. In this case, the variable is Google trend searches on the word “Bitcoin”. By 

observing the graphs, it is perceptible that an increase in Google searches is not followed 

by equivalent Bitcoin volumes changes. 

Figure 1: Bitcoin exchange and network volume  
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Figure 2: Google trend searches on the word "Bitcoin", as a fraction of the historical maximum (= 1) 



 CATARINA PEREIRA AN ANALYSIS OF BITCOIN AS AN ASSET 
 

19 

 

Regarding the exchange and the network volume graphs, we can see that both volumes 

do not evolve in the same way; this seems to indicate that separate mechanisms propel 

their growth. An economic agent that uses Bitcoin as a means of payment will first 

increase the number of Bitcoins by exchanging its local currency, and this operation is 

only recorded in the exchange. The network volume will only be affected when he decides 

to withdraw the money from the exchange and apply to purchase goods and services. 

Based on this assumption, it is possible to evaluate both volumes separately and analyze 

whether they grow individually or are influenced by new users. 

To analyze the relationship between both volumes and Google trend Glaser et al., 

(2014) performed a model described as bellow: 

 

(8) 
∆𝑌  =  𝛼 +  ∑ 𝛽1∆𝑁𝑒𝑡𝑤𝑜𝑟𝑘𝑉𝑜𝑙𝑡−1

3

𝑖=1

 + ∑ 𝛽2∆𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒𝑉𝑜𝑙𝑡−1

3

𝑖=1

 

+ 𝛽3∆𝐺𝑜𝑜𝑔𝑙𝑒𝑡−1  + 𝛽4∆𝑅𝑒𝑡𝑢𝑟𝑛𝑠𝑡−1 + 𝛽5𝐷𝑤𝑒𝑒𝑘 + 𝑢𝑡 

 

Where ∆ represents the first differences, Y represents the Network/Exchange volume, 

Google represents the Google trend searches on the word “Bitcoin”, Returns represents 

the raw difference between Bitcoin prices in consecutive weeks, and D represents the 

dummy variable for the first Monday of the year. 

The hypothesis I stipulated for this model follow the assumptions made by Glaser et 

al., (2014): 

1) If the Google trend variable has a positive and significant impact on the 

exchange volume, it is possible to conclude that new users tend to employ Bitcoin 

as a speculative investment. 

2) If the Google trend variable has a positive and significant impact on the 

network volume, it is possible to conclude that new users may employ Bitcoin as 

a medium of exchange. 

3) If none of the two previous conclusions holds, this suggests Bitcoin has 

evolved, so this cryptocurrency may not fit entirely into one of the previous 

categories. 

To add controls for the week, month, and year effects, I introduced four dummy 

variables. A dummy variable is a binary variable that indicates the absence or presence 
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of some categorical effect that may be expected to shift the outcome. I created a dummy 

for the first week of the month, a dummy for the first Monday of the year (which is 

equivalent to the first week of the year since the data is weekly), and a dummy for the last 

week of the year. For the exchange volume model, only the dummy for the first Monday 

of the year was significant. For the network volume model, no dummy was significant. 

The first model analyses the exchange and the network volume to evaluate users’ 

intentions when acquiring Bitcoin. For each volume, I performed three regressions. First, 

a parsimonious model with lagged Google trend searches and a one-order autoregressive 

term. Second, the same variables plus the Bitcoin lagged returns, the lagged 

network/exchange volume term, and a dummy variable for the first Monday of the year 

(in the case of the exchange volume model). Third, all these variables plus the 

autoregressive terms of orders two and three (since the data is weekly, it is enough to 

extend the term up to three weeks before, and with this, the robustness of the results 

increases).  

The results are presented in Table I, including the significant and non-significant 

variables and the GARCH (1,1) model as in the paper followed.  
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Table I: Regression Results on Exchange and Network Volumes (p-values in parentheses) 

 

 

For the second model, it is necessary to examine the behavior of Bitcoin´s price. The 

logarithm is performed to follow Dyhrberg’s (2016) structure. Bitcoin’s price exhibits 

some evidence of volatility clustering.  

 ∆Bitcoin Exchange Volume ∆Bitcoin Network Volume 

Explanatory Variables Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 

∆𝑮𝒐𝒐𝒈𝒍𝒆𝒕−𝟏 1.23E+10 

(0.42) 

146.E+10 

(0.31) 

1.28E+10 

(0.37) 

76012445 

(0.66) 

1.18E+08 

(0.52) 

2.78E+08 

(0.11) 

∆𝑬𝒙𝒄𝒉𝒂𝒏𝒈𝒆𝑽𝒐𝒍𝒕−𝟏 -0.279 

(0.00) 

-0.299 

(0.00) 

-0.31 

(0.00) 

 -0.0006 

(0.44) 

-0.0001 

(0.85) 

∆𝑬𝒙𝒄𝒉𝒂𝒏𝒈𝒆𝑽𝒐𝒍𝒕−𝟐   -0.0224 

(0.73) 

   

∆𝑬𝒙𝒄𝒉𝒂𝒏𝒈𝒆𝑽𝒐𝒍𝒕−𝟑   -0.181 

(0.01) 

   

∆𝑵𝒆𝒕𝒘𝒐𝒓𝒌𝑽𝒐𝒍𝒕−𝟏  11.188 

(0.01) 

10.27 

(0.02)  

-0.275 

(0.00) 

-0.265 

(0.00) 

-0.3106 

(0.00)  

∆𝑵𝒆𝒕𝒘𝒐𝒓𝒌𝑽𝒐𝒍𝒕−𝟐      -0.306 

(0.00)  

∆𝑵𝒆𝒕𝒘𝒐𝒓𝒌𝑽𝒐𝒍𝒕−𝟑      0.193 

(0.00)  

∆𝑹𝒆𝒕𝒖𝒓𝒏𝒔𝒕−𝟏  -4.666 

(0.00) 

-4.695 

(0.00) 

 0.0141 

(0.21) 

0.025 

(0.02)  

Constant 2.68E+09 

(0.10) 

1.78E+09 

(0.25) 

2.01E+09 

(0.19) 

7493809 

(0.70) 

8802371 

(0.65) 

9077635 

(0.62) 

Time Dummies NO YES YES NO NO NO 

GARCH (1,1) coefficients 

ARCH 0.241 

(0.00) 

0.269 

(0.00) 

0.265 

(0.00) 

0.483 

(0.00) 

0.459 

(0.00) 

0.496 

(0.00) 

GARCH 0.508 

(0.00) 

0.534 

(0.00) 

0.533 

(0.00) 

0.677 

(0.00) 

0.650 

(0.00) 

0.662 

(0.00) 
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From the graphs, it is noticeable that there are clusters of different volatility levels. 

There are periods in which large changes are followed by large changes and periods in 

which small changes follow small changes.  This further suggests the usefulness of the 

ARCH/GARCH approach. 

After performing the same model as Dyhrberg (2016), it was not possible to conclude 

how the variables affect Bitcoin. Because of this problem, I computed the correlation 

matrix of the observations and lagged observations to understand how the variables 

interact among themselves and then estimated a GARCH (1,1) model without explanatory 

variables.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The levels of Bitcoin price and logarithm of Bitcoin price 

Figure 4: Correlation matrix 
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After fitting several models with all these explanatory variables and testing for the 

significance of each F statistic I was led to consider the following models with significant 

F statistic results: 

 

(9) 𝐿𝐵𝑇𝐶𝑡 =   𝛼 + 𝛽1𝐸𝑈𝑅_𝑈𝑆𝐷𝑡   +  𝛽2𝐺𝑜𝑙𝑑𝑡−1 + 𝛽3𝐸𝑈𝑅_𝑈𝑆𝐷𝑡−1  +  𝑢𝑡 

(10) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  

  

(11) 𝐿𝐵𝑇𝐶𝑡 =   𝛼 + 𝛽1𝐸𝑈𝑅_𝑈𝑆𝐷𝑡   +  𝛽2𝐸𝑈𝑅_𝑈𝑆𝐷𝑡−1  +  𝑢𝑡 

(12) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  

  

(13) 𝐿𝐵𝑇𝐶𝑡 =   𝛼 + 𝛽1𝐺𝑜𝑙𝑑𝑡−1 +  𝑢𝑡 

(14) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  

  

(15) 𝐿𝐵𝑇𝐶𝑡 =   𝛼 + 𝛽1𝑆&𝑃500𝑡  +  𝑢𝑡 

(16) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  

  

(17) 𝐿𝐵𝑇𝐶𝑡 =   𝛼 + 𝛽1𝑆&𝑃500𝑡−1  +  𝑢𝑡 

(18) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  

  

(19) 𝐿𝐵𝑇𝐶𝑡 =   𝛼 + 𝛽1𝐸𝑢𝑟𝑜𝑠𝑡𝑜𝑥𝑥𝑡  +  𝑢𝑡 

(20) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  

  

(21) 𝐿𝐵𝑇𝐶𝑡 =   𝛼 + 𝛽1𝐸𝑢𝑟𝑜𝑠𝑡𝑜𝑥𝑥𝑡−1  +  𝑢𝑡 

(22) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  

 

The same problem occurred regarding Gold; the variables were not significant, so I 

estimated and tested other models inspired by the correlation matrix above. The models 

that presented the best results, in terms of eliminating heteroskedasticity and in terms of 

significant F statistic, were the GARCH (1,2) models with equations as follows:  

 

(23) 𝐿𝐺𝑜𝑙𝑑𝑡 =   𝛼 + 𝛽1𝐹𝑒𝑑𝑒𝑟𝑎𝑙𝐹𝑢𝑛𝑑𝑠𝑡  + 𝛽2𝐹𝑒𝑑𝑒𝑟𝑎𝑙𝐹𝑢𝑛𝑑𝑠𝑡−1  + 𝛽1𝐵𝑇𝐶𝑡  +  𝑢𝑡 
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(24) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  + 𝛾2𝑢𝑡−2

2  

  

(25) 𝐿𝐺𝑜𝑙𝑑𝑡 =   𝛼 + 𝛽1𝐸𝑈𝑅_𝑈𝐷𝑆𝑡  + 𝛽2𝐸𝑈𝑅_𝑈𝑆𝐷𝑡−1  +  𝑢𝑡 

(26) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  + 𝛾2𝑢𝑡−2

2  

  

(27) 𝐿𝐺𝑜𝑙𝑑𝑡 =   𝛼 + 𝛽1𝑆&𝑃500𝑡  +  𝛽2𝑆&𝑃500𝑡−1  +  𝑢𝑡 

(28) 𝜎2
𝑡= 𝛾0 + 𝛿1𝜎2

𝑡−1  + 𝛾1𝑢𝑡−1
2  + 𝛾2𝑢𝑡−2

2  

 

Table II exhibits the results of the GARCH models for Bitcoin and Gold, displayed in 

the equations above. 
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Table II: GARCH outputs for Bitcoin and Gold (p-values in parentheses) 

 

 

 LBitcoin LGold 

Explanatory Variables   

𝑬𝒖𝒓𝒐𝒔𝒕𝒐𝒙𝒙𝟓𝟎𝒕   0.193 

(0.04) 

      

𝑬𝒖𝒓𝒐𝒔𝒕𝒐𝒙𝒙𝟓𝟎𝒕−𝟏  0.168 

(0.04) 

       

𝑺&𝑷𝟓𝟎𝟎𝒕      0.199 

(0.05) 

  0.067 

(0.00) 

𝑺&𝑷𝟓𝟎𝟎𝒕−𝟏     0.194 

(0.05) 

   -0.059 

(0.01) 

∆𝑭𝒆𝒅𝒆𝒓𝒂𝒍𝑭𝒖𝒏𝒅𝒔𝒕        1.193 

(0.00) 

 

∆𝑭𝒆𝒅𝒆𝒓𝒂𝒍𝑭𝒖𝒏𝒅𝒔𝒕−𝟏        -2.053 

(0.08) 

 

𝑬𝑼𝑹_𝑼𝑺𝑫𝒕 2.723 

(0.00) 

     2.522 

(0.00) 

  

𝑬𝑼𝑹_𝑼𝑺𝑫𝒕−𝟏 -2.154 

(0.00) 

     -2.281 

(0.00) 

  

𝑮𝒐𝒍𝒅𝒕    0.226 

(0.01) 

     

𝑮𝒐𝒍𝒅𝒕−𝟏 -0.333 

(0.02) 

        

𝑩𝒊𝒕𝒄𝒐𝒊𝒏𝒕        0.000 

(0.09) 

 

 GARCH (1,1) coefficients  GARCH (1,2) 

coefficients 

ARCH 0.31 

(0.00) 

0.26 

(0.00) 

0.27 

(0.00) 

0.27 

(0.00) 

0.27 

(0.00) 

0.26 

(0.00) 

0.30 

(0.00) 

0.16 

(0.00) 

0.16 

(0.00) 

GARCH 0.58 

(0.00) 

0.61 

(0.00) 

0.61 

(0.00) 

0.60 

(0.00) 

0.60 

(0.00) 

0.61 

(0.00) 

0.58 

(0.00) 

-0.00 

(0.96) 

0.79 

(0.00) 

-0.01 

(0.89) 

0.79 

(0.00) 
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For the third and last model, I estimated an E-GARCH model in order to evaluate the 

asymmetry effect of Bitcoin. The equations of the model are as follows: 

 

 

I estimated an E-GARCH model for every model of the logarithm of Bitcoin 

previously presented in Table II, and all models presented similar results. The only 

difference was in the constant term, which varied between positive and negative values. 

Since this variable is not important for the estimation, I will only present the model results 

from equation (29) represented below in Table III and make conclusions from it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(29) 𝐿𝐵𝑇𝐶𝑡 =   𝛼 + 𝛽1𝐸𝑈𝑅_𝑈𝑆𝐷𝑡   +  𝛽2𝐺𝑜𝑙𝑑𝑡−1 + 𝛽3𝐸𝑈𝑅_𝑈𝑆𝐷𝑡−1  +  𝑢𝑡 

(30) 𝑙𝑜𝑔(𝜎2
𝑡)  =  𝛾 + ∑ |

𝑢𝑡−𝑗

√ℎ𝑡−𝑗

| 휁𝑗

𝑞

𝑗=1

 +  ∑
𝑢𝑡−𝑗

√ℎ𝑡−𝑗

𝑞

𝑗=1

𝝃𝑗  +  ∑ 𝛿𝑖𝑙𝑜𝑔(ℎ𝑡−𝑖)

𝑝

𝑖=1
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Table III: E-GARCH output for Bitcoin (p-values in parentheses) 

 
 LBitcoin 

Explanatory Variables  

𝑬𝑼𝑹_𝑼𝑺𝑫𝒕 2.604 

(0.00) 

𝑬𝑼𝑹_𝑼𝑺𝑫𝒕−𝟏 -2.024 

(0.04) 

𝑮𝒐𝒍𝒅𝒕−𝟏 -0.299 

(0.01) 

Variance Equation 

C4 (𝛄) -0.019 

(0.75) 

C5 (𝛇) 0.479 

(0.00) 

C6 (𝝃) -0.018 

(0.74) 

C7 (𝛅) 0.794 

(0.00) 

 

 

In the estimation output, C4 represents the constant (γ), C5 is the ARCH term (ζ), and 

it refers to the extent that the magnitude of a shock to the variance affects future volatility, 

C6 is the leverage effect term (𝝃), and it gives insight into how the sign of the shock 

influences future volatility, C7 is the GARCH term (δ), and it helps to assess the 

persistence of past volatility and how it helps to predict future volatility. 

 

 

4.2 ESTIMATION PROBLEMS 

 

After estimating the models, it is necessary to see if there are problems with the 

estimations related to the residuals' heteroskedasticity, autocorrelation, and normality. 
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Financial time series are prone to conditional heteroskedasticity, i.e., periods of 

structural volatility changes and autoregressive dependencies. The ARCH estimation 

incorporates such changes within the errors.  

For the first model, I performed an ARCH test in all regressions. This test should reveal 

whether there is any heteroskedasticity in the model’s residuals. The results of the test 

confirm that there are indeed ARCH effects in all estimations. So, it is necessary to 

introduce a GARCH model for all regressions. Following Glaser et al., (2014), I estimated 

a GARCH (1,1): with this model, the residual heteroskedasticity is eliminated 

(APPENDIX A). 

For the second model, after estimating the GARCH model, I executed the same test to 

confirm that there are no ARCH effects. For Bitcoin, the GARCH (1,1) can eradicate 

residual heteroskedasticity, for Gold it cannot. After testing several models, I concluded 

that the GARCH (1,2) is the most suitable (APPENDIX B). 

Autocorrelation is often discussed in the context of time series; it refers to the degree 

of correlation between values of the same variables across different observations in the 

data. To verify if this problem exists in the regressions, a correlogram is an appropriate 

tool. The correlogram displays the ACF (Autocorrelation Function) and PACF (Partial 

Autocorrelation Function); these functions exhibit how the present values are related to 

past values at different lags. 

From the correlogram of the first model (APPENDIX C), I observed that the residuals 

are autocorrelated. The null hypothesis of the portmanteau Q test is that there is no 

autocorrelation in the residuals. As most of the p-values of the Q statistic are near 0, we 

reject the null hypothesis. So, the residuals of the six regressions performed present 

autocorrelation. This is a problem I could not eliminate. The standardized residuals could 

not be computed for this model. 

From the correlogram of the second model, we can confirm that the standardized 

residuals – the values of each residual, divided by an estimate of its standard deviation- 

are not autocorrelated, as the Q statistics p-values are larger than the conventional critical 

probabilities (APPENDIX D). The standardized residuals appear not to be correlated. 

From the histogram of both models, one can suspect that the residuals are not normally 

distributed. From Jarque-Bera tests, I correctly conclude that both residuals and 

standardized residuals are not normally distributed (APPENDIX E). The exception is the 



 CATARINA PEREIRA AN ANALYSIS OF BITCOIN AS AN ASSET 
 

29 

 

case of the Gold models from Table II: here, it may be accepted that the residuals are 

normally distributed (APPENDIX F). 

 

4.3. RESULTS 

 

From the results of Table I, I concluded that, in the exchange volume models, the 

autoregressive terms are all significant and negative, which means that an increase in the 

exchange volume tends to drive the future exchange volume down. The Bitcoin lagged 

returns, and the lagged network volume are also significant. Returns have a negative 

impact, suggesting that a Bitcoin valuation causes fewer exchanges. The network volume 

has a positive impact, suggesting that users increase their Bitcoin for exchanges after 

applying Bitcoin to acquire goods and services.  

In the network volume models, the exchange volume has no significance in any of the 

estimations – this suggests that the trading on the exchange has no impact on Bitcoin’s 

network. The autoregressive terms are all significant and negative, except for the third 

one in the third estimation, which is significant and slightly positive – one can thus 

assume that past network volume increases are essentially reversed in the coming weeks. 

Interestingly, the lagged Bitcoin returns have a positive impact on the network volume – 

which suggests that an increase in Bitcoin returns causes an increase in Bitcoin use as a 

medium of exchange. 

These models show that a changing volatility structure exists both in Bitcoin prices 

and in transactions. From the graphs, it is visible that there is no clear trend in both the 

exchange and the network volume.  

With the data from 2014 until early 2021, I could not detect any relationship between 

the variation of Google searches and the exchange and network volumes. 

For either of the models, the Google trend searches have no significance, and this may 

indicate that people are now very acquainted with Bitcoin and investing in Bitcoin does 

not require previous Google searches. The approach made by the authors Glaser et al., 

(2014) in an early stage of Bitcoin release may no longer be adequate currently, as 

cryptocurrencies are now well known. 
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The results of Table II are also interesting. In the case of Bitcoin (9), when there is a 

positive shock9 in the lagged Gold and the lagged EUR_USD exchange rate, the variance 

of Bitcoin’s price decreases. However, a positive shock in the contemporaneous 

EUR_USD makes the variance increase. As for the rest of the equations, a positive shock 

in the explanatory variables makes the variance of Bitcoin's price increase. 

Except for the lagged EUR_USD and the lagged Gold, a positive volatility shock to 

the explanatory variables makes the volatility of the Bitcoin price increase. These findings 

are the opposite of those in Dyhrberg (2016). 

The German bonds were not significant explanatory variables in any model and thus 

were not included; this suggests that Bitcoin’s price is more susceptible to shocks in the 

American market. As Bitcoin is mostly traded in dollars, this is not surprising. 

For the GARCH model, the estimates consistently point to a significant and positive 

ARCH coefficient with value steadily around 0.3 and to a positive and significant 

GARCH coefficient set steadily around 0.6. 

Concerning Gold (23), we can see that a positive shock to the lagged federal funds 

makes the variance of Gold’s price decrease, while a positive shock in the 

contemporaneous Federal Funds and Bitcoin price makes the variance increase (however, 

the effect is very mild for the Bitcoin variable).  For the other equations with the Gold 

logarithm as the dependent variable, a contemporaneous positive shock in the S&P500 

makes the variance increase, while the same shock in the lagged S&P500 makes the 

variance for the Gold price decrease. 

The results indicate that Gold may have some hedging capabilities against stocks on 

the S&P500 and against the Federal Funds.  

The GARCH models estimates consistently point to significant and positive ARCH 

coefficients and GARCH coefficient values around 0.2 and 0.8, respectively. The non-

significant GARCH coefficients are not important for the estimation and have no impact 

on the model. 

From the results of Table III, one can see that C5 (ζ) is positive and significant, so the 

shock size significantly impacts volatility. It shows a positive relationship between the 

past variance and the current variance in absolute value. This means that the bigger the 

 
9 A positive shock is an increase in volatility that translates in an increase in the standard deviation. 
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magnitude of the shock to the variance, the higher the volatility. The estimate for C6 (𝜉) 

is negative, which could indicate a leverage effect. However, C6 (𝜉) is not statistically 

significant, so it is not detected an asymmetry effect - good and bad news do not affect 

Bitcoin’s price variance in a significantly different magnitude. Finally, C7 (δ) is positive 

and significant, which means that past volatility helps predict future volatility. 
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5. CONCLUSION 

 

Estimating the first model, which consisted of analyzing the impact that Google 

searches for Bitcoin had on its network and exchange volume, I reached different 

conclusions from Glaser et al., (2014). Data used in this paper (Glaser et al., 2014) span 

from 2011 to 2013, where data used in this dissertation is more recent, from 2015 to 2021. 

As said in the beginning, new users no longer need to search the web for information 

about Bitcoin; this topic is now well disseminated in society and financial markets. The 

difference in the data frames could explain the distinct results. 

One interesting question for future works would be to assess if the results would 

change if the variable was Google searches on the words “Bitcoin price”. Since nowadays, 

there is no interest in understanding what Bitcoin is, but there is in knowing how its price 

shifts according to time and financial shocks. 

From the first model, I concluded that it is no longer possible to evaluate new users’ 

intentions when acquiring Bitcoin, as the variable google searches is not significant in 

any of the models’ estimations. The methodology is no longer applicable for these data 

and time.  

Contrary to the expectations, Bitcoin did not have similar behavior to Gold for the 

second model. Gold exhibited some management capabilities since the lagged variables 

decreased the variance of the Gold price. Dyhrberg (2016) concluded that Bitcoin's 

returns' volatility mostly decreases when positive shocks occur in certain market indexes, 

commodities, and interest rates. My conclusions were not in accordance with these 

findings; even though the time frame, the variables, and the model are different, the 

conclusions were not expected to be this distinct.  

The conclusions were that Bitcoin's variance would decrease when a positive shock in 

the Gold and EUR_USD exchange rate market exists. Nevertheless, this only happens for 

these two lagged variables, which means that the other variables increase the variance. 

An increase in variance makes investment returns riskier; this hints that Bitcoin does not 

have management capabilities, as Dyhrberg (2016) stated. 

From the third model estimates, I concluded that Bitcoin does not display an 

asymmetry effect. So, Bitcoin is not fit to be a safe haven. When there is a crisis in the 
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market, investors can turn to Gold to protect their funds, whereas Bitcoin would not 

perform this role.  

These results are compatible with the idea that Bitcoin is not a medium of exchange 

but a financial asset with characteristics different from Gold. 
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APPENDIX 

 

APPENDIX A – ARCH effects tests for Table I 

 

 

 

 

 

 

 

 

 

 

 

 
ARCH effects test of model 1 for Exchange and Network volume 

 

 

 

 

 

 

 

 

 

 

 

 

 
ARCH effects test of model 2 for Exchange and Network volume 

 

 

 

 

 

 

 

 

 

 

 

 

ARCH effects test of model 3 for Exchange and Network volume 
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APPENDIX B – ARCH effects tests for Table II 

 

 

 

ARCH effects test of equations 10 and 12 

 

 

ARCH effects test of equations 14 and 16  

 

 

ARCH effects test of equations 18 and 20   
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ARCH effects test of equations 22 and 24 

 

ARCH effects test of equations 26 and 28 
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APPENDIX C – ACF and PACF for Table I 

 

Correlogram of Residuals of model 1 for Exchange and Network volume 

 

 Correlogram of Residuals of model 2 for Exchange and Network volume 
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Correlogram of Residuals of model 3 for Exchange and Network volume 
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APPENDIX D – ACF and PACF for Table II 

 

Correlogram of Standardized Residuals of equations 10 and 12 

 

 

 

 

Correlogram of Standardized Residuals of equations 14 and 16 
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Correlogram of Standardized Residuals of equations 18 and 20 

 

 

 

 

Correlogram of Standardized Residuals of equations 22 and 24 
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Correlogram of Standardized Residuals of equations 26 and 28 
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APPENDIX E – Histogram of TABLE I 

 

 
 

 

 

Histogram of model 1 for Exchange and Network volume 

 

 

 

 

 

Histogram of model 2 for Exchange and Network volume 

 

 

 

 

 

 

 

Histogram of model 3 for Exchange and Network volume 
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APPENDIX F – Histogram of TABLE II 

 

  
 

 

Histogram of Standardized Residuals of equations 10 and 12 

 

 

 

 

 

Histogram of Standardized Residuals of equations 14 and 16 

 

 

 

 

Histogram of Standardized Residuals of equations 18 and 20 
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Histogram of Standardized Residuals of equations 22 and 24 

 

 

 

 

 

Histogram of Standardized Residuals of equations 26 and 28 

 

 

 

 

 

 

 

 

 

  


