Chapter 1 THE FUNDAMENTALS OF BITCOIN PRICE

12 Dow Jones Index has a positive relationship with Bitcoin price while euro-dollar exchange rate and Oil price have a negative relationship with Bitcoin price. 13 In their article the loops are: volume increases with price, word of mouth increases with search volume and price increases with word of mouth (social loop). But also search volume increases with price, the

Chapter 2 CRYPTO-ASSETS PROPERTIES IN A PORTFOLIO

Crypto-assets: Hedges, safe-havens or diversifiers for African indices This part is based on a personal research and will be submitted to Journal of African Economies.

GENERAL INTRODUCTION

Blockchain is a permanent, tamper-proof, distributed and historicized register which makes it possible to establish trust between agents, without the intervention of a third party. "Concretely, a Blockchain is a tamper-proof digital database on which are registered all the exchanges carried out between its users since its creation" Blockchain France (2016). Blockchain promises near-frictionless cooperation between members of a network that transfers value to each other without central authorities or intermediaries. The core value of Blockchain is its ability to deploy cryptographic mechanisms to achieve consensus among ledger's participants. This eliminates the need for a central authority or middleman, creating a distributed trust system of value transfer. The elimination of the trusted third party aims to increase the speed of execution of transactions, reduce transaction costs and improve network security.

Blockchain, in its current form, appeared during the creation of Bitcoin. Bitcoin Blockchain is a peer-to-peer electronic payment system launched by Satoshi Nakamoto in 2009 based on cryptographic proof instead of trust in a third party (Figure 1).

Figure 1: A transaction in Bitcoin

Source: [START_REF] Böhme | Bitcoin: Economics, Technology, and Governance[END_REF] Bitcoin is originally rooted in an intellectual current underlying anti-establishment backed by a community of techno-libertarians or crypto-anarchists seeking to settle a currency outside of government control and censorship. In order to achieve this "ideal" world, it took decades of research to secure crypto-assets, because they were subject to two major flaws: double spending and the Byzantine problem.

In a simple way, the recording of transactions on a Blockchain takes place in two main parts: Cryptography and Consensus.

This process takes some time depending on the Blockchain considered (about ten minutes for Bitcoin, 15 seconds for Ethereum) and guarantees the security of the Blockchain because to date it has never been hacked.

There are two major types of Blockchain: public Blockchains (accessible to anyone in the world. All network participants can consult the transactions carried out and/or participate in their registration in the ledger). Private (or "consortium") Blockchains (approval process is controlled by a limited and chosen number of nodes, R3 for instance). Due to Blockchain's malleability, organizations who intend to create one can use one or more characteristics of these major types of Blockchain (Figure 2, and see Appendix page 134 to 136 for more designs of Blockchain). Blockchain has been praised as the ultimate disintermediation tool because it could challenge the role of traditional trusted third parties and could have the capacities to disrupt all the sectors involving data (See Appendix, Table 2 ). Thus in finance it has developed enormously and has enabled the deployment of many applications.

Following Bitcoin, many crypto-assets have emerged. To date (March, 2022), Coinmarketcap lists 18,004 crypto-assets. A crypto-asset considered for a long time as the alter ego of Bitcoin is Ethereum. Designed to be much more than a payment system, Ethereum was launched in 2014 as a distributed, public, Blockchain-based computing platform that provides a "crypto-economically secured" hub for development of any type of decentralized application. Ethereum introduced the possibility of smart contracts, or "digitally controlled deterministic exchange mechanisms that can affect the direct transaction of value between untrusted agents." Therefore Ethereum is considered as a Blockchain 2.0. It was not built to compete with Bitcoin: these two different and complementary uses of Blockchain1 . Smart contracts made possible by Ethereum network have given rise to one of most promising application of Blockchain: Decentralized Finance (DeFi).

DeFi 2 refers to the decentralized provision of financial services through a combination of infrastructure 3 (Distributed Ledger or Blockchain/ smart contracts), markets (Open Banking), technologies (Artificial Intelligence, Cloud), methods (big and small data to determine the probability of a predefined pattern) and applications. Decentralized provision of financial services involves their provision by multiple participants, intermediaries, and end users spread across multiple jurisdictions, with interactions facilitated and enabled by technology. Thus the services offered by DeFi have the following characteristics: Non-custodial (participants have full control over their funds at any point in time), Permissionless (anyone can interact with financial services without being censored or blocked by a third party), Openly auditable (anyone can audit the state of the system, e.g., to verify that it is safe), Composable (the financial services can be arbitrarily composed such that new financial products and services can be created). The products offered by DeFi are presented by Figure 3.

Despite these innovative services offered by DeFi, it has some limitations which are stated by [START_REF] Chen | Blockchain disruption and decentralized finance: The rise of decentralized business models[END_REF].

Decentralized finance can be vulnerable to fraud as well as the proliferation of untested financial innovations. Moreover, it tends to follow the path of technological push rather than what the market wishes. As a result, many projects tend to focus on technical progress rather than utility. Decentralized finance faces significant regulatory uncertainty and scrutiny, which can discourage entrepreneurship and innovation. Moreover, transparency, the cornerstone of DeFi, can be a limit to its use as it compromises privacy. It is however possible to use Monero or Zcash Blockchains but this causes a reduction in transparency and a growth in information processing costs due to the type of validation used on these platforms. Finally, DeFi can lack accountability because, by being decentralized it can become unclear who should be held accountable for potential flaws on this ecosystem. In the event of a dispute, it is not possible to have recourse to a clearing house, for example. A CBDC token "is a digital object that has a given value expressed in the national unit of account and is a claim on the respective central bank" (Sveriges Bank, 2021).

Since 2018 many central banks around the world have been studying the design of central bank digital currencies4 . The reproachful speeches against digital currencies have given way to positive speeches, showing the interest of central bankers (see Appendix, Figure 11, Figure 12 and Figure 13 ). With the growing popularity of Bitcoin, Distributed Ledger Technology (DLT) and also the spreading of COVID-19 , many central banks have launched internal projects to better understand DLT and its applications (Bank of England, Bank of Canada, Sveriges Bank, People's Bank of China etc.).

The last application of Blockchain that we want to highlight is Initial Coin Offering 5 .

Initial Coin Offerings (ICO) are fundraising operations, carried out through a distributed ledger technology that give rise to an issue of tokens, which can then be used, depending on the case, to obtain products or services, traded on a platform (secondary market) and/or can earn a profit. But in most cases, unlike IPOs or other financing methods, ICO's tokens are not equity securities of the company, do not give rights to participate in the governance of the company and do not offer fixed remuneration or dividend payments 6 .The holders of an ICO project guarantee that a limited number of tokens will be issued and this scarcity mechanism encourages investors to buy the tokens when their value is still low and to continue their involvement in the project. Investors will benefit if the project succeeds, either by using the tokens for the promised service or by hoping to gain financial value above their purchase value by selling the tokens on a secondary market. All the information on the ICO is gathered in a "white paper7 " which is a research paper on the technical features of the project (description of the project, simplified budget, the way the token can be used, information on the team developing the project, advantages for the holder, Blockchain architecture and smart contract) and which aims to be increasingly accessible and educational.

This new form of financing could look like traditional financing channels (public offering, venture capital, crowdfunding), nevertheless it has some specific characteristics: strong network effects and a huge potential liquidity.

However there are several risks associated with investing in ICO projects [START_REF] Momtaz | Initial Coin Offerings[END_REF]. There is an obvious risk of depreciation of the token and ICO is a fertile soil for scams. Moreover asymmetric information is a major challenge in ICO's market given the absence of functioning institutions. [START_REF] Chod | A Theory of ICOs: Diversification, Agency, and Information Asymmetry[END_REF] show that severe information asymmetry might transform ICO market into a "market for lemons". ICO returns are also highly sensitive to adverse industry effects like crypto-assets. In particular, the technological risks of crypto-assets are associated with more severe market downturns than adverse regulatory announcements aiming at investor protection.

To further analyze the applications of Blockchain in finance we raise this question:

What are the potentialities of Blockchain applications for the financial market ?

To answer this question, we have structured our analysis in three chapters. In the first chapter, we analyze the fundamentals of Bitcoin price to better understand its evolution. The second chapter analyzes the hedging properties of crypto-assets for African stock market indices. And the third chapter analyzes the usefulness as safehavens of crypto-assets during COVID-19 crisis.

Chapter 1 : The Fundamentals of Bitcoin price

Despite the highly evolving literature on Bitcoin, Bitcoin price is still a puzzle. This chapter tries to identify some variables to explain the evolution of Bitcoin price. We use a VAR and a VECM to show that in a sample spanning from 2015 to 2019 macroeconomic variables (Gold, Oil, Dow Jones Index, Shanghai Stock Exchange, Financial Stress Index and Federal Funds Rate are not relevant to explain Bitcoin price. Google searches an important variable to explain Bitcoin price in the literature, is relevant only in the shortrun and the difficulty of mining is relevant to explain Bitcoin price in the long and shortrun. We are therefore interested in variables specific to crypto-assets ecosystem: volumes of Ethereum, Ripple and Tether. We find a negative relationship between Bitcoin price and these volumes. Because of these crypto-assets history, we show that they were probably used for price manipulation or pump and dump activities on Bitcoin market. Secondly, we update our database taking into account the period between the end of 2019 to October 2021. The results obtained following the VECM are very different. Macroeconomic variables namely Gold, oil and the Dow Jones Index have a positive relationship with Bitcoin price. We thus join several studies in the literature (Van Wijk, 2013;Kapar and Olmo, 2021;[START_REF] Panagiotidis | On the determinants of bitcoin returns_ A LASSO approach[END_REF] and show that Bitcoin is increasingly involved in the global economic sphere. As for the variables specific to the crypto-asset environment, we find a positive relationship between Bitcoin price and the difficulty of mining in the long and short run. Google searches still has a positive and significant relationship with Bitcoin price but it is now impossible to determine the time horizon with the VECM. The relationship between Bitcoin price and the volumes of Ripple and Tether are no longer significant. Only Ethereum volume is negative and significant in the VECM. We explain these results by the discovery of the Tether fraud which did not hold exactly the dollar amount necessary to cover the Tether in circulation and the rise of DeFi could explain the negative relationship between Ethereum volume and Bitcoin price.

Chapter 2 : Crypto-assets properties in a portfolio

This chapter is part of the prolific line of studies on the interest of having a cryptoasset, in this case Bitcoin, in a diversified portfolio. Due to its particularities in terms of nature and issuance, several studies have shown that Bitcoin is a very interesting hedging asset because it would be decorrelated from traditional finance. However, not all studies are unanimous. For Colon and McGee (2020), for example, Bitcoin would be dangerous in a wallet. We are therefore exploring this section of the literature by assessing the impact of the best-known crypto-assets in the African continent (Bitcoin, Ethereum, Ripple and Litecoin) on the stock market indices of the countries that used crypto-assets the most between 2019 and 2020 on the continent (Ghana, Egypt, South Africa, Nigeria, Kenya Morocco and Tunisia). We use Dynamic Conditional Correlation (DCC-GARCH) to analyze the evolution of the correlation between crypto-assets and African stock indices. We compare the results obtained with assets that have been considered in the literature as safe-havens, namely Gold, GSCI and T-Bonds over 10 years.

It emerges from this analysis that crypto-assets have generally been excellent safehaven and/or diversification assets for African indices, outperforming Gold, GSCI and T Bonds.

Chapter 3 : Crypto-assets and COVID-19

In this chapter, we analyze the effectiveness of crypto-assets and Gold as safehavens during COVID-19 crisis. From a DCC-GARCH we analyze in a first part the correlations between Gold, crypto-assets and European indices corresponding to the most affected countries by . We find that Gold was not more efficient than crypto-assets (Tether, Cardano and Dogecoin) as safe-haven during the market crash due to COVID-19 in March 2020. We also found that during the study period Bitcoin, Ethereum, Litecoin and Ripple were just diversifiers for the European indices. Finally, Tether, Cardano and Dogecoin showed hedging properties like Gold before and after the market crash. This part unveils the increasing integration of cryptoassets in traditional finance, in particular the best known with the highest market capitalization: Bitcoin, Ethereum, Ripple and Litecoin. These crypto-assets are hardly safe-havens or hedging assets for assets originating from Western countries, as they are increasingly correlated with them.

In the second part, we analyze the correlation between Bitcoin returns, Ethereum returns and vaccination campaigns. It emerges from this analysis that Bitcoin and Ethereum have characteristics of safe-haven assets when confronted with variables that represent economic uncertainty or fear, namely the worldwide number of total deaths (and the number of positive cases of and the worldwide number of fully vaccinated people. Indeed Bitcoin returns and Ethereum returns have a positive correlation with the number of deaths (and the number of positive cases) and a negative correlation with the number of people vaccinated.

In the third part, we extend our second chapter, by analyzing whether cryptoassets and Gold have been safe-havens for African stock indices. In addition, we analyze whether these stock market indices have been able to be safe-haven assets for each other because of their lack of integration, which has been analyzed several times in the literature. We find that unlike the European market, Bitcoin, Ethereum, Ripple and Litecoin have been safe-havens, hedges and diversifiers for African indices. Cardano and Gold have also been safe-havens and diversifiers for African stock indices. Finally, African stock market indices, were also able to hedges each other during COVID-19 crisis.

Introduction

Bitcoin is the main virtual currency8 in circulation. In March 2022, the coinmarketcap.com website listed 18,004 virtual currencies for a total capitalization of approximately 1,624,223,398,062 euros. Bitcoin's capitalization is close to 441 billion dollars, or 66% of the market.9 Created in 2008 by Satoshi [START_REF] Nakamoto | Bitcoin: A Peer-to-Peer Electronic Cash System[END_REF], 10 Bitcoin has been exchanged since 2009 on a peer-to-peer basis through Blockchain, a distributed accounting register (for more details, see for example, [START_REF] Blundell-Wignall | The Bitcoin Question: Currency versus Trust-less Transfer Technology[END_REF][START_REF] Böhme | Bitcoin: Economics, Technology, and Governance[END_REF]Catalini and Gans, 2020). The cryptographic protocol, known to all users, implies that only 21 million Bitcoins will be created by 2140 11 .

The main characteristic of Bitcoin is that it lies outside the traditional financial system. Unlike a legal currency issued by a central bank, Bitcoin is completely decentralized and is not the counterpart of any monetary base. However, the mining process avoids the double expenditure issue. It has no legal tender and no legal guarantee of repayment.

Economic analysis concludes that Bitcoin cannot be considered as a conventional currency [START_REF] Lo | Bitcoin as Money? Federal Reserve Bank of Boston[END_REF][START_REF] Yermack | Chapter 2 -Is Bitcoin a Real Currency? An Economic Appraisal[END_REF][START_REF] Ammous | Can cryptocurrencies fulfil the functions of money[END_REF]. Its acceptability as a means of payment is low. It is rarely used as a unit of account. Its volatility is high compared to traditional currencies and its exchange rate is subject to several flashes. Bitcoin can therefore be considered as a crypto-assets rather than a currency. Its emergence has attracted the attention of investors who have sometimes considered it as Page 12 of 155 digital Gold [START_REF] Popper | Digital Gold: The Untold Story of Bitcoin[END_REF]. Bitcoin does not pay interests or dividends. Gains derive solely from price fluctuations, the foundations of which we are trying to understand.

The purpose of this chapter is to identify the main drivers of Bitcoin price movements. This question has certainly been the subject of many contributions in the literature (Buchholz et al., 2012;Van Wijk, 2013 and[START_REF] Kristoufek | What Are the Main Drivers of the Bitcoin Price? Evidence from Wavelet Coherence Analysis[END_REF]. However, the literature used traditionally some variables such as macroeconomic variables or the number of searches for the word "Bitcoin" on search engines. But these variables tend to weakly explain the observed changes in Bitcoin price [START_REF] Ciaian | The economics of BitCoin price formation[END_REF]. So we introduce in our econometric analysis some crypto-assets such as Ethereum, Tether and Ripple. Indeed, since the peak of Bitcoin price in December 2017, we can wonder about the existence of price manipulation of Bitcoin price by the different exchange platforms and other crypto-assets [START_REF] Hamrick | An examination of the cryptocurrency pump-and-dump ecosystem[END_REF][START_REF] Griffin | Is Bitcoin Really Untethered?[END_REF]Chen et al., 2019). These price manipulations or pump and dump would artificially lead to significant price variations of Bitcoin.

To analyze the relationships between these crypto-assets (Ethereum, Tether and Ripple) and Bitcoin price, we build a VAR and a VECM, over the period from August 2015 to December 2019.

We first confirm that the traditional macroeconomic determinants (Gold, Oil, FSI, etc.) have no impact on Bitcoin price. We then show that Google searches have a shortrun but no long-run effect. Ripple and Ethereum volumes have a short-run effect on Bitcoin price. The difficulty in mining Bitcoins, the cost per transaction and the number of Tethers in circulation are explanatory factors for Bitcoin price changes in the short and long-run.

In the second part, we make an extension of our model by including more data from 2020 to 2021. The results obtained following the VECM are very different. Macroeconomic variables namely Gold, Oil and the Dow Jones Index have a positive relationship with Bitcoin price. Then, we find a positive relationship between Bitcoin price and the difficulty of mining in the long and short run. Google searches still has a positive and significant relationship with Bitcoin price but it is now impossible to determine the time horizon with the VECM. The relationship between Bitcoin price and the volumes of Ripple and Tether are no longer significant. Only Ethereum volume is negative and significant in the VECM.

The chapter is organized as follows: Section 2 displays the main results of the literature. Section 3 presents the econometric approach and the data. Section 4 presents the results and the discussion. In Section 5, we present an extension of the study by including data related to COVID-19 pandemic period. In Section 6, we conclude.

Literature Review

Since Bitcoin is completely decentralized and has no connection to any real-world wealth, determining its fundamentals was a challenge. So many authors have questioned its fundamentals. We review chronologically some studies that have tried to disclose the explanatory factors of the variation of Bitcoin price. Buchholz et al. (2012) analyze daily data namely total number of Bitcoins in circulation, total number of daily transactions, value of transactions, average price of a Bitcoin, price of Bitcoin on different trading platforms, internet searches, etc. by using a VAR, VECM, ARCH and GARCH. This study, conducted from July 2010 to March 2012, concludes that the variations in Bitcoin price are mainly explained by the interactions between supply and demand. The demand is determined primarily by Bitcoin transaction for goods and services and the supply by the number of Bitcoins available in the market. Volatility of Bitcoin price also has a positive effect on the price as it gives rise to a risk premium that attracts investors.

Van Wijk ( 2013) analyze the impact of global macroeconomic and financial variables (Oil price, stock market indices, exchange rates, etc.) on the evolution of Bitcoin price from July 2010 to June 2013 using OLS (Ordinary Least Squares) and an Error Correction Model (ECM) built from an ARDL (Autoregressive Distribute Lag). The author concludes that euro-dollar exchange rate, Oil price and Dow Jones index explain Bitcoin price developments in the long-run. In the short-run, only the Dow Jones index explains Bitcoin price developments 12 . [START_REF] Kristoufek | BitCoin meets Google Trends and Wikipedia: Quantifying the relationship between phenomena of the Internet era[END_REF] tries to explain Bitcoin price by analyzing its relationship with search queries on Google Trends and Wikipedia. The results show a strong and positive correlation between Bitcoin price and the search queries. However, "if Bitcoin price is going up and the public interest in the matter is growing, the price will likely continue soaring up. But if the price decline, the increased interest pushes it even lower" [START_REF] Kristoufek | BitCoin meets Google Trends and Wikipedia: Quantifying the relationship between phenomena of the Internet era[END_REF]. [START_REF] Garcia | The digital traces of bubbles: Feedback cycles between socio-economic signals in the Bitcoin economy[END_REF] identify four "socio-economic signals" which can have an impact on Bitcoin price namely: the volume of "word of mouth" on social media (the number of tweets on Bitcoin, the number of shares of articles poste on Facebook), the volume of information searches (Wikipedia and Google Trend) and the growth in the number of Bitcoin users. Using a VAR on data ranging from 2009 to 2013, they identify two positive feedback loops which, "in the absence of exogenous stimuli, are the basis of the bubbles observed in the Bitcoin market" 13 Garcia et al. (2014). The first loop is led by word of mouth and the second by new Bitcoin adopters 14 . Indeed, Bitcoin price growth is led by user adoption and word of mouth. In addition, peaks in the search for information precede drastic price cuts.

MacDonell (2014) uses an ARMA and a log-periodic power law (LPPL) on data ranging from July 18, 2010 to August 25, 2013. From the ARMA regression, it appears that Bitcoin price is driven by speculation of investors who seek profits outside traditional markets and the LPPL model predicted ex-ante the price crash of December 2013. This model would therefore be very useful for predicting bubbles in crypto-assets market.

According to Gronwald (2014), with Bitcoin supply known in advance, changes in the price can only be cause by the demand for Bitcoin. So Bitcoin price is explained by the information about it. In addition, Bitcoin market reacts more to news than traditional financial markets. This last point reflects its immaturity. Kaminski (2014) finds a moderate correlation between the emotional signal of Twitter posts and Bitcoin price. The results were stronger for negative emotions and signals of uncertainty, which led to a drop of Bitcoin price. For the author the microblogs on Twitter may be interpreted as a "virtual trading floor that emotionally reflects Bitcoin's market movement and speculative momentum" Kaminski (2014). [START_REF] Polasik | Price Fluctuations and the Use of Bitcoin: An Empirical Inquiry[END_REF] find that Bitcoin price is determined by its popularity and the total number of service providers that accept it as a means of payment. Indeed, when the number of newspaper articles speaking positively about Bitcoin and the number of researches on the subject increase, Bitcoin price also increases. This relationship is also true when articles relate to Bitcoin tend to be negative.

For [START_REF] Cheah | Speculative bubbles in Bitcoin markets? An empirical investigation into the fundamental value of Bitcoin[END_REF], according to the fundamentals of Bitcoin, its price would be equal to zero. Bitcoin is only a speculative asset subject to its popularity, which is the basis of large price swings and bubbles. [START_REF] Kristoufek | What Are the Main Drivers of the Bitcoin Price? Evidence from Wavelet Coherence Analysis[END_REF] combine the studies of Buchholz et al. (2012) with those of Van Wijk (2013) by performing a regression that includes elements specific to Bitcoin, such as total Bitcoins in circulation, number of transactions, estimate volume output, trade volume vs. transaction volume ratio, hash rate, Bitcoin / US dollar exchange rate, Bitcoin / Chinese Renminbi exchange rate, Wikipedia and Google searches and some macroeconomic variables (Financial Stress Index, Gold price). Bitcoin price is explained by searches on Wikipedia and Google, technical components such as hash rate and mining difficulty, Bitcoin use in trade and the supply of Bitcoin. The author finds no significant relationships between Bitcoin price and macroeconomic components.

number of new users increases with search interest and price increases with increases in user adoption (adoption loop).

However, the Wavelet Coherence technique used by [START_REF] Kristoufek | What Are the Main Drivers of the Bitcoin Price? Evidence from Wavelet Coherence Analysis[END_REF] studies interconnections between the variables taken two by two. It can lead to neglect some relationships which can have a different effect on Bitcoin price. [START_REF] Bouoiyour | What Does Bitcoin Look Like[END_REF] use an ARDL and a VEC Granger causality test on characteristic Bitcoin data such as velocity, Hash rate, trade volume, investors' attractiveness, exchange trade ratio and macroeconomic data namely Gold price and Shanghai Stock exchange from December 2010 to June 2014. In the short-run investors' attractiveness plays a positive and significant role in explaining Bitcoin price formation. The exchange trade ratio, Hash rate and Shanghai market index contribute positively and significantly to Bitcoin price formation. In the long-run only exchange trade ratio and Hash rate are positive and significant. Ciaian et al. (2015) identify 3 sets of potentially relevant variables: the determinants of Bitcoin supply and demand (the number of total Bitcoins which have been minted, the number of Bitcoin transactions per day, the number of unique Bitcoin addresses use per day and the velocity of Bitcoin), macroeconomic determinants (exchange rate between the US dollar and Euro, Oil Price and Dow Jones Index), and the attractiveness of Bitcoin as an asset for investors (the volume of daily Bitcoin views on Wikipedia and the number of new members and new posts on online Bitcoin forums). Then they construct 3 regressions using a VECM on daily data from 2009 to 2014. They concludes that Bitcoin's attractiveness is the most important factor in the price movement, followed by market forces. However, these assumptions must be tested simultaneously to measure the impact of each of them on the evolution of Bitcoin price. Bartos (2015) starts from the decomposition of the explanatory factors of Bitcoin price carried out by Ciaian et al. (2015) and conclude that Bitcoin price is determined by the confrontation of supply (the number of Bitcoins mined) and demand (the number of Bitcoins used). [START_REF] Vockathaler | The Bitcoin Boom: An In Depth Analysis Of The Price Of Bitcoins[END_REF] questions the studies carried out by [START_REF] Kristoufek | What Are the Main Drivers of the Bitcoin Price? Evidence from Wavelet Coherence Analysis[END_REF], [START_REF] Bouoiyour | What Does Bitcoin Look Like[END_REF] and Ciaian et al. (2015) by criticizing in particular the proxy of the interests of investors by considering searches on Google. According to the author, people who invest in Bitcoin are not necessarily those who search for information on internet. Thus by using a GARCH on most of the variables used by these authors (Bitcoin data, macroeconomic variables, Google Trend) [START_REF] Vockathaler | The Bitcoin Boom: An In Depth Analysis Of The Price Of Bitcoins[END_REF] concludes that Bitcoin price is mainly determined by its own shocks because the volatility of Bitcoin is correlated with its own volatility in the previous period. These results confirm those of [START_REF] Bouoiyour | What Does Bitcoin Look Like[END_REF] who believe that Bitcoin is a purely speculative asset marked by bubbles.

According to [START_REF] Mai | The Impacts of Social Media on Bitcoin Performance[END_REF] internet discussion forums have a strong predictive impact on the future values of Bitcoin returns. The upward news positively affects Bitcoin price especially when they take into account the posts of users who are less likely to post information on the blog. Finally Bitcoin returns react negatively to bearish news. [START_REF] Ciaian | The economics of BitCoin price formation[END_REF] use Barro's model (1979) over the period from 2009 to 2015 to formulate testable hypotheses. They show that the determinants of supply and demand have a positive and significant impact on Bitcoin price (except for the number of Bitcoin in circulation which has a negative and significant relationship with Bitcoin price) in the short and long-run. Bitcoin's attractiveness has a short-run impact, but this effect wears off in the long term. There is no significant impact of macroeconomic and financial determinants. They conclude that "to a large extent, the formation of Bitcoin price can be explained in a standard economic model of currency price formation" [START_REF] Ciaian | The economics of BitCoin price formation[END_REF]. [START_REF] Bouoiyour | What drives Bitcoin price[END_REF], use an Empirical Mode Decomposition (EMD) to analyze the volatility of Bitcoin. They conclude that Bitcoin is "a speculative bubble (high frequency component), the long-run fundamentals (low frequency component) are likely to be the major contributors of Bitcoin price variation" [START_REF] Bouoiyour | What drives Bitcoin price[END_REF]. They join [START_REF] Bouoiyour | What Does Bitcoin Look Like[END_REF]: Bitcoin is not a business income but a speculative Bubble.

Hayes (2017) attempts to construct a cost of production model for Bitcoin. The study focuses on technical factors of Bitcoin such as the difficulty of mining, the total number of coins available and the competition in the producer network. Factors that tend to lower Bitcoin production costs have a negative impact on the price. Some of these factors include falling electricity prices around the world, decreasing the difficulty of mining, and increasing mining efficiency. While, the additional hashing power added to the global mining network will tend to increase the mining difficulty and finally Bitcoin price. [START_REF] Panagiotidis | On the determinants of bitcoin returns_ A LASSO approach[END_REF] use a LASSO approach on twenty variables to explain Bitcoin price. They find that: Search intensity (Google), Gold returns and political uncertainty are the most important determinants of Bitcoin price. Broadly, the effect on Bitcoin returns is negative for uncertainty, positive for exchange rate, interest rates, Gold and Oil. The effects of Google and Wikipedia are positive and negative regarding on the predominant type of news. In a recent period, the uncertainty of European economic policy, the NIKKEI index and the negative news on Google appear as the determinants of Bitcoin returns. Kjaerland et al. (2018a) use an ARDL and find that Google searches (positive impact), volume of Bitcoin (negative impact) and political incidents and statements (positive and negative impact depending on the type of statement) are the main drivers of Bitcoin price. Kjaerland et al. (2018b) use an ARDL and a GARCH over 2013 to 2018. They think that it is irrelevant to include Hash rate as an explanatory variable in a model describing Bitcoin's price drivers since Hash rate is led by Bitcoin price. Google searches, S&P 500 and Bitcoin price lag have a positive and significant relationship with Bitcoin price. VIX has a negative impact on Bitcoin price. [START_REF] Demir | Does economic policy uncertainty predict the Bitcoin returns? An empirical investigation[END_REF] find a predictive power of the Economic Policy Uncertainty (EPU) for Bitcoin returns. Mostly, Bitcoin returns are negatively associated with the changes in the EPU.

As [START_REF] Demir | Does economic policy uncertainty predict the Bitcoin returns? An empirical investigation[END_REF], [START_REF] Aysan | Effects of the geopolitical risks on Bitcoin returns and volatility[END_REF] studied the predictive power of the Global Geopolitical Risk Index (GPR) on daily returns of Bitcoin over 2010 to 2018. They find that the GPR has a predictive power and a negative impact on Bitcoin returns. [START_REF] Goczek | What drives the Bitcoin price? A factor augmented error correction mechanism investigation[END_REF] use a FECM ( Factor augmented Error Correction Model) over 2010 to 2017 to find the explaining factors of Bitcoin price. They find that the main factor that determines Bitcoin price is its popularity defined by investor's interest in this technology. Finally, they conclude that Bitcoin price is not affected by supply and demand factors as it is the case of conventional currencies. So Bitcoin is a speculative asset.

According to, Hayes (2019) Bitcoin price is significantly impacted by production costs (electricity in particular) which justifies that Bitcoin has fundamentals. [START_REF] Dastgir | The causal relationship between Bitcoin attention and Bitcoin returns_ Evidence from the Copula-based Granger causality test[END_REF] examine the causal relationship between Bitcoin attention (measured by Google Trends search queries) and Bitcoin returns for the period from 2013 to 2017. They employ a Copula-base Granger Causality in Distribution (CGCD) test. They observe a bi-directional causal relationship between Bitcoin attention and Bitcoin returns. Their findings provide evidence that Bitcoin returns increase Bitcoin attention (especially during extreme times like the price crash of 2013) and there is no extreme effect of Bitcoin attention on Bitcoin returns. [START_REF] Panagiotidis | A Principal Component-Guided Sparse Regression Approach for the Determination of Bitcoin Returns[END_REF] introduce a principal component-guide sparse regression in the determination of Bitcoin price explaining factors (the study period covers July 2010 to May 2018). They find that Economic Policy Uncertainty (EPU) and stock market (returns and volatility) are the most important explaining factors of Bitcoin price. EPU and stock market volatility have a negative relationship with Bitcoin price while stock market returns have a positive relationship with Bitcoin price. Foreign exchange markets, monetary policy and popularity measures (Google trend and Wikipedia trend) have a relatively minor importance. [START_REF] Sabalionis | What affects the price movements in Bitcoin and Ethereum?[END_REF] analyze how Google searches, number of tweets and active addresses on Bitcoin-blockchain impact Bitcoin price. They formulate some hypotheses based on previous researches about Bitcoin price, behavioral finance theory and Metcalfe's law. The hypotheses were tested by fitting a VAR-GARCH-BEKK model. They find that active addresses are the most influential factors followed by Google searches and tweet in terms of magnitude and significance (the relationship between these variables and Bitcoin price is positive). Kapar and Olmo (2021) use a VECM and a permanent-transitory decomposition of Bitcoin price to assess the long-run relationship between the Bitcoin spot price and a set of financial, economic and sentiment variables. They find a strong positive comovement between Bitcoin price and online interest in the cryptocurrency measure by Google searches. They also find a positive relationship between Bitcoin price and the S&P 500 index. Furthermore, Gold spot price and the fear index have a negative effect on Bitcoin price. But these results are found for the data spanning the period July 2010 to January 2018. During this period Bitcoin is procyclical, driven by investors' interest. When they add the period from January 2018 to May 2019 the results change dramatically. The only variable with the power to explain Bitcoin's long-run dynamics is online interest in cryptocurrency. Financial variables and the fear index are no longer statistically relevant. They conclude that Bitcoin price is mainly driven by "the expectations of individuals, reflected by an increase in online searches followed by a sharp decline, and not by market fundamentals" Kapar and Olmo (2021).

Given the inability of traditional factors to explain Bitcoin price, recent works consider the existence of price manipulations in crypto-assets market. Price manipulation is defined by [START_REF] Kyle | How to define illegal price manipulation[END_REF] as an "intent [is] to pursue a scheme that undermines economic efficiency both by making prices less accurate as signals for efficient resource allocation and by making markets less liquid for risk transfer". Bitcoin market is a favorable space for price manipulation due to its concentration. Banque de France statistics (2018) confirm these speculative phenomena, since 96% of Bitcoins are held by only 2.5% of users. Moreover, [START_REF] Selmi | Is Bitcoin a hedge, a safehaven or a diversifier for oil price movements? A comparison with gold[END_REF] and [START_REF] Urquhart | What causes the attention of Bitcoin?[END_REF] have discovered that Bitcoin is inefficient as Bitcoin price does not reflect the real state of the market. [START_REF] Hamrick | An examination of the cryptocurrency pump-and-dump ecosystem[END_REF] analyze transaction flows on the Mt. Gox platform. They identify suspicious trading activities that coincide with sharp increases in Bitcoin price, including the price peak of 2013. The authors point out the lack of regulation on Bitcoin transactions which, in essence, are OTC. This idea is echoed by Chen et al. (2019), who conclude from the same Mt. Gox data, that activities carried out by so-called "abnormal" accounts have a significant impact on Bitcoin price. These activities are carried out according to specific exchange schemes: self-loop, unidirectional, bi-direction, triangle, polygon and star. These "abnormal accounts" are controlled by a small number of holders, which would tend to confirm the hypothesis of price manipulations.

Following the price spike of December 2017, [START_REF] Griffin | Is Bitcoin Really Untethered?[END_REF] study the technique used to artificially influence Bitcoin price. They identify Tether as being involve in many arbitrage operations with Bitcoin. This crypto-asset, held mainly by its issuers, appears to be used to initiate pump and dump operations. Typically, Tether holders buy Bitcoin when its price drops, which results in an increase in Tether price. This price level is maintained for several days in order to define an equilibrium price that attracts unsuspecting investors. The insider investors sell their positions brutally at the end of the month to recover the tethers, which leads to a drop in Bitcoin price (as shown in Figure 1.1).

We decide to follow this idea by combining the volume of some crypto-assets (Ethereum, Tether and Ripple) to traditional variables used in the previous literature in a VECM. Ciaian et al. (2015) justify the use of a VECM to explain Bitcoin price by the fact that it is an appropriate methodology to account for the potential endogeneity between variables (see [START_REF] Lütkepohl | Applied Time Series Econometrics[END_REF][START_REF] Blundell-Wignall | The Bitcoin Question: Currency versus Trust-less Transfer Technology[END_REF]. 

Empirical Specification

Data and Econometric approach

Our study covers the period from 08/07/2015 to 10/31/2019. To explain the changes in Bitcoin price (BTCPRICE), we have selected several variables:

• Google searches for the word "Bitcoin" (GOOGLE) are used to test the hypothesis that searches express investor interest in Bitcoin (the demand side).

• Mining difficulty (DIFFICULTY) represents the issue of the mathematical operation that must be solved in order to validate an operation on Bitcoin's Blockchain.

• Volume of Bitcoins in circulation (BTCV) to express the supply side.

• Financial Stress Index (FSI) expresses risk aversion.

• Oil price (OIL), Gold price (GOLD), Shanghai Stock Exchange (SSE), Dow Jones Index (DJI) and Federal Funds Rate (FFR) express macroeconomic developments.

• Volumes of Ethereum (ETHEREUMV), Tether (TETHV) and Ripple (XRPV) in circulation.

Bitcoin price data and mining difficulty were extracted from quandl.com. Data on Tether, Ripple and Ethereum were collected on Coinmarketcap. Data on Google searches were extracted from Google Trend. Data on FSI, Oil, Gold, Shanghai Stock Exchange and Federal Funds Rate were collected respectively on the Office of Financial Research, Energy Information Administration, Banque de France, Yahoo Finance and the Federal Reserve of St Louis Table 1.1 displays the descriptive statistics where we can notice that the highest standard errors go to crypto-assets data: DIFFICULTY (1.89 . 10 +12 ), BTCV(3.74 . 10 +09 ), TETHV(1.27. 10 +09 ), ETHERV(1.26 . 10 +09 ), XRPV(8.68 . 10 +08 ).

Jarque Berra statistics confirm that all the variables are not normal distributed. The data on the skewness and kurtosis of Bitcoin price indicate that its distribution law is leptokurtic with therefore fat tails (high probability of achieving extreme values) and asymmetric to the right. This is also the case for all variables related to crypto-assets as well as searches on Google. While the macroeconomic data are platykurtic hence thin tails and skewed to the right (except for Gold which is skewed to the left).

Then we take a look into the pair-wise values between all the assets using a heatmap representation (Figure 1.2). A dark red color indicates that the respective two variables are highly negatively correlated, while dark blue indicates a highly positive correlation. Crypto-assets are strongly and positively correlated with each other as well as with Google searches. While FSI is strongly and negatively correlated with cryptoassets and Federal Funds Rates.

Bitcoin price is mildly correlated to macroeconomic data namely Gold, Oil , DJI and SSE but highly correlated to Federal Funds Rates. To analyze the short and long-run relationships between Bitcoin price and the selected variables, we use a Vector Error Correction Model (VECM).

First we therefore analyze the stationarity of our variables with Augmented Dickey-Fuller and Phillips Perron tests. All the variables except FSI and SSE have a unit root (Table 1.2). However, according to [START_REF] Engle | Co-Integration and Error Correction: Representation, Estimation, and Testing[END_REF], regressions on interdependent and non-stationary time series can give spurious results. These results are characterized by very high 𝑅² and Student's 𝑡. We assume two non-stationary variables, independent of each other and following a random walk:

𝑥 𝑡 = 𝑥 𝑡-1 + 𝜀 𝑡 𝑒𝑡 𝑦 𝑡 = 𝑦 𝑡-1 + 𝜀 𝑡 (1) 
These variables are not stationary because:

𝑉𝑎𝑟 (𝑥 𝑡 ) = 𝑉𝑎𝑟 (∑ 𝜀 𝑖 𝑡 𝑖=1 ) = ∑ 𝑉𝑎𝑟(𝜀 𝑖 ) = ∑ 𝜎 𝜀 2 𝑡 𝑖=1 𝑡 𝑖=1 = 𝑡𝜎 𝜀 2 (2) 𝑉𝑎𝑟 (𝑦 𝑡 ) = 𝑉𝑎𝑟 (∑ 𝜀 𝑖 ′ 𝑡 𝑖=1 ) = ∑ 𝑉𝑎𝑟(𝜀 𝑖 ′ ) = ∑ 𝜎 𝜀 ′2 𝑡 𝑖=1 𝑡 𝑖=1 = 𝑡σ ε ′2 (3)
The variances of 𝑥 𝑡 and 𝑦 𝑡 rely on 𝑡 . Then, when:

𝑡 → ∞, 𝑉𝑎𝑟 (𝑥 𝑡 ) → ∞ and 𝑉𝑎𝑟 (𝑦 𝑡 ) → ∞ (4) 
Consequently :

𝑥 𝑡 → 𝐼(𝑑) and 𝑦 𝑡 → 𝐼(𝑑)

An OLS regression on 𝑥 𝑡 and 𝑦 𝑡 will give :

𝑦 𝑡 = 𝛼𝑥 𝑡 + 𝛽 + 𝜀 𝑡 (6) 
𝜀 𝑡 = 𝑦 𝑡 -𝛼𝑥 𝑡 -𝛽 , 𝜀 𝑡 → 𝐼(𝑑)

𝑥 𝑡 is stationary when :

• E(𝑥 𝑡 ) not rely on 𝑡 • 𝑉𝑎𝑟(𝑥 𝑡 ) is a finite constant independent of 𝑡 • 𝐶𝑜𝑣(𝑥 𝑡 , 𝑥 𝑡-1 ) is a finite function of 𝑘 that does not depend on 𝑡 To avoid having non-stationary residuals, we could differentiate our series. However, in order to be able to analyze the long-run relationships between Bitcoin price and the explanatory variables, it is necessary to use the variables in level. Because, if 𝑥 𝑡 and 𝑦 𝑡 are 𝐼(𝑑) then it is possible that their linear combination 𝜀 𝑡 = 𝑦 𝑡 -𝛼𝑥 𝑡 -𝛽 would not be 𝐼(𝑑) but 𝐼(𝑑 -𝑏) where 𝑏 is a positive integer ( 0 < 𝑏 ≤ 𝑑). 𝑥 𝑡 are 𝑦 𝑡 are cointegrated and have a long-run stable relationship.

Thus two variables are cointegrated if they are integrated of order 𝑑 and their linear combination allows to have residuals of a lower order of integration. In order to check whether the regression performed on nonstationary variables will not be spurious, it is necessary to perform a cointegration test first. We test the properties of the series involved in the regression with Augmented Dickey Fuller and Phillips-Perron tests (Table 1.2). If:

𝑥 𝑡 → 𝐼(1) 𝑎𝑛𝑑 𝑦 𝑡 → 𝐼(1)
𝑥 𝑡 et 𝑦 𝑡 are cointegrated when :

𝜀 𝑡 = 𝑦 𝑡 -𝛼𝑥 𝑡 -𝛽, 𝜀 𝑡 → 𝐼(0) (8) 
We perform the Phillips-Ouliaris cointegration test and use the Johansen test to verify the number of co-integration relationships (Table 1.3 andTable 1.4). The number of co-integrating vectors is determined by the maximum eigenvalue test and the trace test. After checking that our series are cointegrated, we estimate the long-run relationship using an OLS:

𝑦 𝑡 = 𝛼𝑥 𝑡 + 𝛽 + 𝜀 𝑡 (9)

And the short-run dynamic:

𝑦 𝑡 = 𝛼 0 𝑥 𝑡 + 𝛼 1 𝑥 𝑡-1 + 𝛼 2 𝑦 𝑡-1 + 𝛽 + 𝜀 𝑡 (10) 
In a third step, an error correction model (VECM) based on a VAR, is estimated for the co-integrated series. An error correction term indicates the speed of adjustment of any imbalance to a long-run equilibrium state. The VECM type is shown by the equation below: Note: The null hypothesis is the variable has a unit root (are not stationary). All the results are confirmed by the Phillips-Perron test.

𝛥𝑦 𝑡 = 𝛾(𝑦 𝑡-1 -𝛳𝑋 𝑡-1 -𝐶 𝑜 ) + 𝐶 2 + ɸ𝛥𝑋 𝑡 + µ 𝑡 (11)

Empirical Results

We test the existence of a unit root with Augmented Dickey-Fuller and Phillips Perron tests (Table 1.2). All the variables have a unit root at 10% level except (FSI and SSE). We carry out the Johansen test, which shows 4 cointegrating equations at 5% level (Table 1.3). We then use the Phillips-Ouliaris cointegration test to identify the cointegrated variables. This test shows that the macroeconomic variables are not cointegrated to Bitcoin price. The other series are cointegrated (Table 1.4).

To analyze the dynamics between the variables, we build a VAR. The endogenous variables are the cointegrated variables and the exogenous are the non-cointegrated ones. The stability of the VAR is verified with the unit circle. The information criteria (Akaike and Hannan Quinn) lead us to retain one lag. We then move to the VECM. The endogenous variables are: Bitcoin price (BTCPRICE), Bitcoin volume (BTCV), mining difficulty (DIFFICULTY), Ethereum volume (ETHERV), Tether volume (TETHV), Ripple volume (XRPV) and Google searches (GOOGLE). The exogenous variables are: Financial Stress Index growth rate (TFSI), Federal Funds Rate growth rate (TFFR) Oil price growth rate (TOIL), Gold price growth rate (TGOLD), Shanghai Stock Exchange (SSE) and Dow Jones Index rate (TDJI). We choose model 3 (presence of a constant in the model). The results are shown in Table 1.5.

The speed of adjustment is negative and significant, the VECM is valid, and we can analyze the long-run and short-run dynamics between the variables. First, the longrun dynamic (Table 1.6). There is a positive long-run relationship between Bitcoin price (BTCPRICE), Bitcoin volume (BTCV), mining difficulty (DIFFICULTY) and Google searches (GOOGLE). There is a negative long-run relationship between Bitcoin price (BTCPRICE), Ethereum volume (ETHERV), Tether volume (TETHV) and Ripple volume (XRPV). We verify the robustness of these results by a unit root test on the residuals. There is no unit root, the long-run dynamic is robust.

In the short-run (Table 1.7), there is a positive relationship between Bitcoin price (BTCPRICE), Bitcoin volume (BTCV) and Google Searches (GOOGLE). There is a negative short-run relationship between Bitcoin price (BTCPRICE), mining difficulty (DIFFICULTY), Ripple volume (XRPV) and Tether volume (TETHV). 

Table 1.5: VECM results

Model

Results and Discussions

In our model all the macroeconomic variables have a non-significant relationship with Bitcoin price, as suggested in the literature. A positive and significant relationship between Bitcoin price and the FSI would have led to an asymmetrical volatility that would give to Bitcoin a safe-haven status. 15 This safe-haven feature challenges the benefits of holding Bitcoins in your wallet. Before the price crash of 2013, Bitcoin price rose during periods of high volatility in the financial market, conveying a message of uncertainty that pushed investors to invest more. Conversely, in the case of a fall in prices, investors interpret it as a drop in uncertainty on the markets and abandon Bitcoin for traditional assets. This characteristic would enable investors to hedge the risk on traditional markets, but it seems to have disappeared following the price crash of 2013.

In our results, the absence of a positive and significant relationship between FSI and Bitcoin price allows us to deduce, like Bouri et al. (2017), that Bitcoin cannot be considered as a safe-haven. 16 For the other macroeconomic components that have a non-significant relationship with Bitcoin price, we could explain this phenomenon by the fact that Bitcoin

does not yet play an important role in the financial system. It is not use sufficiently in the traditional financial system because "Bitcoins are held speculatively and are therefore hoarded" (Baur et al., 2017, p. 9). Hence the general state of the global economy, reflected by stocks, Gold, Oil and fiat currency markets, does not have an impact on Bitcoin price. The difficulty of mining Bitcoins is computed according to an algorithm. It increases with the number of Bitcoins in the system. To prove its credibility, the validation of Bitcoin transactions is based on Proof of Work (PoW 17 ). This validation technique considers as accurate the results obtained following the largest investment in computing power (CPU). This requires substantial investment in IT equipment and electricity. Combine with the increasing difficulty imposed by the logarithm, investment in Bitcoin mining can be very expensive and loss-making. This suggests a negative relationship between Bitcoin price and mining difficulty, because increasing this difficulty could discourage investment in Bitcoin and lead to a drop in Bitcoin price. So our results in the short-run confirm this hypothesis. In the long-run, however, we find a positive relationship between Bitcoin price and mining difficulty. This result is consistent with the literature. [START_REF] Kristoufek | What Are the Main Drivers of the Bitcoin Price? Evidence from Wavelet Coherence Analysis[END_REF] believes that Bitcoin price growth may encourage investment in computer mining hardware, which would lead to indirect Bitcoin holdings and increase the difficulty. This difficulty increasing implies that the least efficient miners would exit the system. If the remaining miners use mining as an alternative to direct investment, they will become mere buyers of Bitcoins and thus increase demand and price.

Bitcoin's volume has only a positive long-run relationship with Bitcoin price. This result is explained by the fixed amount of Bitcoins. Bitcoin has a deflationary process which implies that Bitcoin price increases when total Bitcoin reaches its total stock of 21 million. This result is consistent with the fact that Bitcoin price increases with the scarcity of non-issue Bitcoins.

Bitcoin is an asset with no economic fundamentals and no value from its exploitation; it depends entirely on investors' confidence in its sustainability. To achieve this confidence, the communication made around Bitcoin helps reduce the costs of access to information and increase its attractiveness. 18 Google searches are a good measure of this attractiveness. The positive short-run and long-run relationships between Bitcoin price and Google searches are consistent with the literature [START_REF] Kristoufek | BitCoin meets Google Trends and Wikipedia: Quantifying the relationship between phenomena of the Internet era[END_REF][START_REF] Garcia | The digital traces of bubbles: Feedback cycles between socio-economic signals in the Bitcoin economy[END_REF].

The VECM shows a negative relationship between Bitcoin price and crypto-asset volumes (Ethereum, Ripple and Tether). These crypto-assets could be use in arbitrage operations with Bitcoin or at least in price manipulation procedures. The three cryptoassets selected have in common the fact that they are mainly held by their issuers or the first buyers (Ethereum for Ethereum, Tether Limited for Tether and Ripple Company for Ripple). This may offer the holders the opportunity to perform pump and dump operations. Tether, for example, is issued on a discretionary basis. It is first sold on Bitfinex before spreading to other crypto-asset exchange platforms. On these platforms [START_REF] Griffin | Is Bitcoin Really Untethered?[END_REF] see correlations between the printing of Tethers and the evolution of Bitcoin price.

Typically, Tether issuers arbitrate the conversion of the Tether into dollars and then its conversion into another, better-known crypto-asset, with a higher valuation in dollars, i.e. Bitcoin. They print Tethers that support Bitcoin price in phases when prices are lower, below a "floor price". The support provide by the issuers of Tethers prevents other investors losing confidence in Bitcoin. Thus Bitcoin price is artificially high. However, according to their policy of transparency, Tether issuers have to communicate their bank account statements on their website at the end of each month to justify that the number of Tethers in circulation is well backed by the same number of monetary units in dollars. Do to so, they sell the Bitcoins in their possession, which allows them to build up their reserve of dollars and increase the company's capitalization. Analysis of the crypto-assets market on coinmarket.com from 2016 to 2018 shows how Tether's capitalization and rank evolved. We clearly see an increase in Bitcoin's capitalization following a fall in Tether's capitalization in the previous week. Whenever we have a fall in Bitcoin price, Tether capitalization has increased two or three days before and Tether has climbed two steps or more in the ranking of the highest capitalizations. This phenomenon is difficult to see with Ethereum and Ripple because they were already among the top crypto-assets in terms of capitalization. As we know, however, the supply of Ripples is controlled entirely by the Ripple Company, which holds 2/3 of the volume of Ripples. This assumes a possible use of Ripples for manipulation purposes like Tether. Bitcoin's market is a favorable space for these manipulations because it is inefficient [START_REF] Selmi | Is Bitcoin a hedge, a safehaven or a diversifier for oil price movements? A comparison with gold[END_REF][START_REF] Urquhart | What causes the attention of Bitcoin?[END_REF].

Model Extension

Empirical results

In this section we extend our study period to analyze the evolution of the results. Our new database therefore extends from 08/07/2015 to 11/28/2021. Table 1.8 shows the descriptive statistics of the new database. We test the existence of a unit root with Augmented Dickey-Fuller and Phillips Perron tests. Table 1.9 shows the results from these tests. The stationary variables at the 10% threshold are: the volume of Bitcoins (BTCV), the volume of Ethereum, searches on Google (GOOGLE), Financial Stress Index (FSI), the Shanghai Stock Exchange (SSE), the volume of Ripple and the volume of Tether. We can already notice some differences between the two databases used. In the previous one, the volumes about crypto-assets were non-stationary as well as searches on Google. These variables can therefore no longer be used as endogenous variables in the VECM. The change observed for Google can be explained by the new technique used to record searches on Google Trend. This change occurred in 2017 and has been announced by Google. For the crypto-assets volumes, there is no information about a change in the record technique.

We carry out the Johansen test (Table 1.10), which shows 1 cointegrating equation at 5% level. We then use the Phillips-Ouliaris cointegration test to identify the cointegrated variables. The cointegrated variables are: DIFFICULTY, DJI, GOLD and OIL (Table 1.11). To analyze the dynamics between the variables, we build a VAR. The endogenous variables are the cointegrated variables and the exogenous are the noncointegrated ones. The stability of the VAR is verified with the unit circle. The information criteria (Akaike and Hannan Quinn) lead us to retain two lags. We can move to the VECM. The endogenous variables are: Bitcoin price (BTCPRICE), mining difficulty (DIFFICULTY), DJI, GOLD and Oil. The exogenous variables are: Ethereum volume (ETHERV), Tether volume (TETHV), Ripple volume (XRPV), Google searches (GOOGLE), Financial Stress Index (FSI), Federal Funds Rate growth rate (TFFR), Shanghai Stock Exchange (SSE). We choose model 3 (presence of a constant in the model). The results are shown in Table 1.12.

The speed of adjustment is negative and significant, the VECM is valid, and we can analyze the long-run and short-run dynamics between the variables. First, the longrun dynamic (Table 1

.13).

There is a positive long-run relationship between Bitcoin price (BTCPRICE), mining difficulty (DIFFICULTY), DJI, GOLD and Oil. We verify the robustness of these results by a unit root test on the residuals. There is no unit root, the long-run dynamic is robust.

In the short-run (Table 1.14), there is a positive relationship between Bitcoin price (BTCPRICE) and mining difficulty (DIFFICULTY). 

Table 1.12: VECM results

Model

D(GOLD(-1)) -1.63 D(GOLD(-2)) 0.26 D(OIL(-1)) 15.07 D(OIL(-2)) 2.71 C 116.25 BTCV -1.39E-09 ETHERV -2.14E-

Discussion

The results of the extension show that Bitcoin price is essentially explained by the macroeconomic variables. These results are in contradiction with many studies that considered Bitcoin to be completely disconnected from the global macroeconomic environment (Bouri et al., 2017;Ciaian et al., 2015;2016). The relationship between Bitcoin and macroeconomic variables has evolved a lot; thus we notice in the long-run a positive relationship between Bitcoin price, the prices of Gold and Oil and the Dow Jones Index (DJI). We explain these results by the increasing use of Bitcoin as safe-haven or hedge during the pandemic as well as its wider adoption since mid-2020. The idea that Bitcoin would be "digital Gold" was reinforced during the COVID-19 pandemic by investors looking for new ways to protect their assets following the stock market crash of March 2020. With the pandemic and the adoption of Bitcoin by many institutional investors, we can say that Bitcoin is no longer limited to a group of enthusiasts, but is increasingly adopting the characteristics of classic assets and therefore may be impacted by the macroeconomic environment that whether favorable (Van Wijk, 2013) or not [START_REF] Dimitrova | The relationship between exchange rates and stock prices: Studied in a multivariate model[END_REF]. The relationship between Bitcoin price and mining difficulty is positive in the short and long-run. These results are in line with those from [START_REF] Kristoufek | What Are the Main Drivers of the Bitcoin Price? Evidence from Wavelet Coherence Analysis[END_REF] and [START_REF] Hayes | Cryptocurrency value formation: An empirical study leading to a cost of production model for valuing bitcoin[END_REF]. The increasing difficulty of mining over the years has had a positive impact on Bitcoin price, as it contributes to its scarcity.

Regarding the values of the VECM, the relationship between Google searches and Bitcoin price is positive and significant, supporting the results from the literature [START_REF] Kristoufek | BitCoin meets Google Trends and Wikipedia: Quantifying the relationship between phenomena of the Internet era[END_REF][START_REF] Garcia | The digital traces of bubbles: Feedback cycles between socio-economic signals in the Bitcoin economy[END_REF][START_REF] Panagiotidis | On the determinants of bitcoin returns_ A LASSO approach[END_REF]. However, due to the change in the nature of this variable (non-stationary in the previous sample and stationary in this one), it is impossible to determine the time horizon over which the relationship between Bitcoin price and Google searches is significant.

Regarding the volumes of crypto-assets, the volume of Ethereum has a negative and significant relationship with Bitcoin price, the volumes of the others (Ripple and Tether) are not significant. We explain these results by two factors. First the discovery in 2019 that the company Tether limited did not guarantee all of the Tethers in circulation by the corresponding amount in dollars. This situation was first pointed out by cryptoasset market regulars as well as Griffin and Shams (2021) and this since 2018. After denying it several times, Tether Limited was finally singled out by the American regulator Commodity Futures Trading Commission (CFTC). CFTC investigations showed that between 2016 and 2018 only 27% of Tethers in circulation were backed by US dollars. Tether Limited was therefore ordered to pay a fine of more than 40 million dollars in 2021 19 . These disputes between Tether and the CFTC could limit the potential for manipulation of large crypto-assets such as Ripple for example.

The second factor is the exponential growth of decentralized finance (DeFi) in 2020, which in turn has contributed to a greater use of Ethereum (DeFi essentially relies on smart contracts). Ethereum has established itself as Bitcoin's main rival thanks to an increasingly useful token for acquiring financial services in a decentralized way. Ethereum will increasingly nibble market share from Bitcoin and this will be even more important with the implementation in 2022 of Ethereum 2.0. This migration is supposed to lower transaction costs by simplifying the recording of transactions, which will be less energy-intensive (Proof of Stake). These high transaction costs hampered the rise of Ethereum because to avoid high transaction costs, investors fell back on other Blockchains such as Polygon, Solana etc.

When Ethereum 2.0 will be implemented, contracts involving large amounts of money can be made without fear of high fees (for example the staking contract of the Beacon Chain of Ethereum 2.0 which brings together 8.6 million ETH tokens equivalent to approximately $33.5 billion. This is the largest contract on Ethereum waiting to be settled with the implementation of Ethereum 2.0). Thus low costs due to the simplification of the mining process, all associated with a crypto-asset with an utility other than a simple store of value, the volume of Ethereum in circulation will increasingly have a negative relationship with Bitcoin price.
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Conclusion

Following the price spike of December 2017, researches on the explanatory factors of Bitcoin price have gradually shifted from traditional variables (Google searches, macroeconomic environment, variables typical to Bitcoin) to variables of the cryptoassets ecosystem. Our analysis has shown that there is a negative and significant longrun relationship between Bitcoin price and the volumes of Ethereum, Ripple and Tether, and a negative short-run relationship between Bitcoin price and the volumes of Ripple and Tether. The VECM shows a link between the volume of these crypto-assets and Bitcoin price, but is unable to distinguish any better the operating phenomenon of when exactly the Bitcoin is bought and resold, at least for crypto-assets such as Ethereum and Ripple. For us, this opens the way to the use of more advance econometric techniques like a wavelet to better understand these pump and dump phenomena for crypto-assets other than Tether and the impact of the recent pandemic of COVID-19 on these pump and dump phenomena.

In the extension of the model, the results change drastically. The evolutions of Bitcoin price are explained in the long-run by the difficulty of mining, the prices of Gold, oil and the Dow Jones Index. In the short-run, only the difficulty of mining explains Bitcoin price. These results show the growing involvement of Bitcoin in traditional finance. It is no longer isolated and reserved only for a restricted circle of enthusiasts. Thus the macroeconomic environment can have an effect on Bitcoin price.

In addition, the VECM has highlighted a disappearance of the pump and dump effects notably initiated by Tether and also a growing rivalry between Bitcoin and Ethereum. Ethereum is increasingly establishing itself as the most "useful" crypto-asset in the "crypto sphere".

Introduction

The interconnection of financial markets is a crucial point which determines the need to hold a diversified portfolio. This interconnection of markets is characterized by a positive and significant correlation between financial assets. It can be problematic for an investor when the financial assets making up his portfolio are all positively correlated. Thus, several studies recommend holding highly diversified portfolios in order to reduce overall risk [START_REF] Gilmore | International portfolio diversification: US and Central European equity markets[END_REF][START_REF] Fernández-Serrano | Modelling the linkages between US and Latin American stock markets[END_REF][START_REF] Vinh | European equity markets integration-Implications for US investors[END_REF][START_REF] Zayati | Gains from international diversification of portfolios[END_REF]. Moreover, "modern portfolio theory shows that the gains from international diversification are inversely related to the level of interconnection of financial markets, interconnection which has progressed significantly due to the liberalization of trade, the dismantling of barriers to international investment and the movement of capital between markets" [START_REF] Zayati | Gains from international diversification of portfolios[END_REF].

This interconnection of financial markets is increasingly strong as globalization and therefore liberalization develops. Thus the financial markets are increasingly characterized by a mimicry of reactions and volatility. [START_REF] King | Volatility and Links between National Stock Markets[END_REF] conclude that this strong interconnection leads to a sub-optimal allocation of portfolios, and reduces the performance of international diversification. To benefit from international diversification, it is therefore necessary to look for assets that are not or very little correlated to each other.

For decades precious metals such as Gold or Palladium or commodities such as the S&P GSCI and also the T-Bonds rate over 10 year have been praised for their benefits in terms of low correlation with financial assets ranging from simple diversification assets to hedging assets and even safe-havens [START_REF] Baur | Is gold a safe-haven? International evidence[END_REF][START_REF] Spierdijk | Stocks, bonds, T-bills and inflation hedging: From great moderation to great recession[END_REF][START_REF] Mcglone | Understanding Commodities and the S&P GSCI[END_REF][START_REF] Alkhazali | Gold and portfolio diversification: A stochastic dominance analysis of the Dow Jones Islamic indices[END_REF]Demptser and Artigas, 2010;[START_REF] Omane-Adjepong | Exploration of safe-havens for Africa's stock markets: A test case under COVID-19 crisis[END_REF]. Another asset class has also gained attention in the financial sphere: Crypto-assets. Since their inception, these assets have been seen as a new source of diversification for financial portfolios. Because of their novelty, they were supposed to be weakly correlated to traditional financial assets. This characteristic will therefore be tested many times and on different financial assets in order to globally understand the potential for diversification offered by this new class of assets.

With this background in mind, we are interested by the potentialities of cryptoassets for African indices. The diversification, hedging or even safe-haven benefits of crypto-assets has been analyzed for several types of indices (American, European or Asian). Overall, the results remain mixed. Studies do not all agree on a positive opinion about adding crypto-assets to a portfolio. For some, crypto-assets can be dangerous because they significantly increase portfolio volatility. We will discuss each point of view further in the literature review.

We choose the African market because it is characterized by low levels of liquidity compared to developed world markets and also a low correlation with news or shocks from the developed world markets (except for South Africa). Thus, we want to analyze how they react to commonly used safe-havens in the developed markets (Gold, S&P GSCI and T-Bonds rate over 10 year ) and also to crypto-assets.

Our interest in the relationship between African financial indices and crypto-assets stems from the growing use of crypto-assets in Africa. In 2021, Chainalysis (2021) ranks Kenya, Nigeria, Togo, South Africa, Ghana and Tanzania in the top 20 countries with strong adoption of crypto-assets (See Appendix, Table 7). This is characterized by large P2P transactions through exchanges or the Blockchain and also a huge web traffic (See Appendix, Figure 24) .

Over the past five years, crypto-assets have seen growing interest in Africa and especially in Kenya and Nigeria. Depending on the country, the reasons mentioned are essentially financial inclusion, opportunities for greater gains, freedom from international currencies such as Euro or US dollar 20 .

In August 2021, Sub-Saharan Africa became the region that acquired the most crypto-assets, overtaking North America [START_REF] Chainalysis | The 2021 Geography of Cryptocurrency Report: Analysis of Geographic Trends in Cryptocurrency Adoption and Usage[END_REF]. In fact, the number of crypto-assets owner accounts in Kenya represents 8.5% of the country's population, compared to 7.1% in South Africa and 6.3% in Nigeria (Triple A).

Even if some states, such as Morocco, Namibia, Egypt Algeria or Zimbabwe have banned the use of crypto-assets, residents of these countries do not hesitate to defy the ban (See Appendix, Figure 22).

Africa is a very interesting playground for the development of crypto-assets due to the high penetration of the means of communication and a much more flexible legislation about the use of new technologies 21 .

Our study is therefore based on the investigation of the benefits of crypto-assets for African financial markets. We select seven financial indices according to the ranking of the countries with the most adoption of crypto-assets at the end of 2020 (the Chainalysis ranking predates our study): GSE-CI (Ghana) FTSE SA (South Africa), EGX30 (Egypt), NASI (Kenya), MASI (Morocco), NGSEINDEX (Nigeria) and TUNINDEX (Tunisia).

We use a DCC-GARCH to analyze the correlation between African indices and crypto-assets. The DCC-GARCH will determine whether crypto-assets have been diversifiers or hedges for African indices between 2019 and 2020. We also use the DCC-GARCH to analyze the correlation between African indices and the commonly used hedge assets namely Gold, S&P GSCI and T-Bonds rates over 10 year.

We find that Bitcoin, Ethereum were hedges for MASI (Maroc), NASI (Kenya), FTSE-SA (South Africa) and NGSEINDEX (Nigeria) and diversifiers for TUNINDEX (Tunisia) and EGX30 (Egypt). Litecoin has been a hedge for MASI (Morocco), TUNINDEX (Tunisia) and NGSEINDEX (Nigeria) and diversifiers for NASI (Kenya), FTSE-SA (South Africa) and EGX30 (Egypt). Crypto-assets are efficient than Gold, S&P GSCI and T-Bonds as hedges or diversifiers for the African financial markets.

The chapter is organized as follows: Section 2 displays the main results of the literature. Section 3 presents the econometric approach and the data. Section 4 presents the results and the discussion. In Section 5, we conclude.

Literature Review

Since their inception, crypto-assets, with Bitcoin at the top of the list, has gained the interest of researchers who, through several econometric procedures, have been trying to determine their properties through the analysis of their relationship with other assets. We will go through these very prolific researches on the properties of crypto-assets in a portfolio. [START_REF] Brière | Virtual currency, tangible return: Portfolio diversification with bitcoin[END_REF] use spanning tests over the period from 23 July 2010 to 27 December 2013. They find that Bitcoin dramatically enhances the performance of a portfolio and doubles its annual volatility. Bitcoin also creates a positive asymmetry in the portfolio returns. Finally "Bitcoin investment offers significant diversification benefits and a small proportion of Bitcoins may dramatically improve the risk-return trade-off of welldiversified portfolios" [START_REF] Brière | Virtual currency, tangible return: Portfolio diversification with bitcoin[END_REF]. Dyhrberg (2016a) explores the hedging capabilities of Bitcoin by applying an asymmetric GARCH methodology used in investigation of Gold hedging properties. The results show that Bitcoin can be used as a hedge against: stocks in the Financial Times Stock Exchange Index, the American dollar in the short-term. Moreover Bitcoin returns seem to not be affected by changes in the stock market. According to Dyhrberg (2016a) Bitcoin possesses some of the same hedging abilities as Gold which creates a possibility for investors to hedge some of the market risks. However the results show that the hedging abilities of Bitcoin against US dollar are shorter live than the hedging abilities of Gold against US dollar. For Dyhrberg (2016a), it is not a huge problem because a short term hedging capability of Bitcoin is enough as it is traded at very high frequencies. Dyhrberg (2016b) investigates the financial asset capabilities of Bitcoin using GARCH models over the period from 19 July 2010 to 22 May 2015. Based on research done by Tully and Lucey (2007) who investigate the sensitivities of macroeconomic variables to Gold price, Dyhrberg (2016b) selects these explanatory variables: Gold bullion USD/troy ounce rate (Gold Cash), the CMX Gold futures 100 ounce rate in USD (Gold Future), the dollar-euro and dollar-pound exchange rates and the FTSE-100 Index. The results show that Bitcoin may be useful in risk management and ideal for risk-averse investors in anticipation of negative shocks to the market. Bitcoin possesses similar hedging capabilities and react asymmetrically to good and bad news (a feature of a safehaven) like Gold. Bouri et al. (2017a) use a Dynamic Conditional Correlation (DCC) model to examine whether Bitcoin can act as hedge or safe-haven for major world stock indices, bonds, Oil, Gold, the general commodity index and the US dollar index. Their empirical results indicate that Bitcoin is a poor hedge and is suitable for diversification purposes only. However, Bitcoin can only serve as a strong safe-haven against weekly extreme down movements in Asian stocks (Japanese and Asia Pacific stocks). Bitcoin is also a strong hedge for the commodity index, suggesting the strong ability of Bitcoin to reduce the risk associated with adverse movements in commodities. Bouri et al. (2017b) examine via a Wavelet multiscale decomposition and quantile on quantile approach whether Bitcoin can hedge global uncertainty. They show that Bitcoin can act as a hedge against uncertainty: it reacts positively to uncertainty at both higher quantiles and shorter frequency movements of Bitcoin returns. Bitcoin can serve as a hedge against uncertainty, but at shorter investment horizons. Therefore, shorthorizon investment in Bitcoin can help investors hedge global equity market uncertainty, especially when the market is functioning in bear and bull regimes and also when uncertainty is either low or high. They conclude that "the ability of Bitcoin to act as a hedge against uncertainty is conditional on not only whether the market is in bear or bull regime but also whether global uncertainty is high or low" Bouri et al. (2017b). Bouri et al. (2017c) examine the relationship between price returns and volatility changes in Bitcoin market. The results for the entire period provide no evidence of an asymmetric return-volatility relation in Bitcoin market. Therefore the authors test if there is a difference in the return-volatility relationship before and after the price crash of 2013 and show a significant inverse relation between past shocks and volatility before the crash and no significant relation after. The results point out the fact that prior to the price crash of December 2013, positive shocks increase the conditional volatility more than negative shocks and this inverted asymmetric reaction of Bitcoin to positive and negative shocks is contrary to what it is observe in equities. The authors explain this reaction as a safe-haven property of Bitcoin. They highlight the benefits of adding Bitcoin to a US equity portfolio, especially in the pre-crash period. In the post-crash period, the inverse asymmetric effect fades away, suggesting that the price crash of 2013 has ended the safehaven capabilities of Bitcoin. Corbet et al. (2018) investigate the relationships between three popular cryptoassets (Bitcoin, Ripple and Litecoin) and a variety of other financial assets (MSC GSCI Total Returns Index, the US$ Broad Exchange Rate, the SP500 Index and the COMEX closing Gold price, VIX and the Markit ITTR110 index). They find evidence of the relative isolation of crypto-assets from the financial and economic assets (crypto-assets are highly connected to each other and disconnected from mainstream assets). The empirical results show that crypto-assets could offer diversification benefits for investors with short investment horizons. [START_REF] Klein | Bitcoin is not the New Gold -A comparison of volatility, correlation, and portfolio performance[END_REF] analyze Bitcoin safe-haven property via a comparison between its conditional variance properties and those from Gold. They also implement a BEKK-GARCH model to estimate time-varying conditional correlations. Their results show that Bitcoin behaves as the exact opposite of Gold and it positively correlates with downward markets. They find no evidence for Bitcoin for stable hedging capabilities in a portfolio.

Henriques and Sadorsky (2018) use several multivariate GARCH models (Dynamic Conditional Correlation (DCC), Asymmetric DCC (ADCC), Generalized Orthogonal GARCH (GO-GARCH)) to estimate minimum variance equity portfolios. The empirical results show that portfolios with Bitcoin rank highest according to riskadjusted measures such as the Sharpe, Sortino, Omega, and Information ratios. Then riskaverse investors will be willing to pay a high performance fee to switch from a portfolio with Gold to a portfolio with Bitcoin in order to achieve a higher risk adjusted return (Bitcoin is a "digital Gold"). [START_REF] Selmi | Is Bitcoin a hedge, a safehaven or a diversifier for oil price movements? A comparison with gold[END_REF] assess the roles of Bitcoin as a hedge, a safe-haven and/or a diversifier against extreme oil price movements, in comparison to the corresponding roles of Gold. They use a quantile-on-quantile regression approach and find that Bitcoin would serve the roles of hedge, safe-haven and diversifier for oil price movements. Nevertheless, this property seems to be sensitive to Bitcoin's different market conditions (bear, normal or bull) and to whether oil price is in a downside, normal or upside regime. They also confirm that Bitcoin is an useful asset during times of political and economic turmoil. Finally they use a conditional Value-at-Risk (CoVaR) to show that portfolios composed with oil and Bitcoin witness risk reductions and perform better than a portfolio composed of oil only. [START_REF] Wang | Is cryptocurrency a hedge or a safehaven for international indices? A comprehensive and dynamic perspective[END_REF] give a detailed analysis of the hedge or safe-haven property of crypto-assets by including in a DCC-GARCH and a rolling window analysis 973 forms of crypto-assets and 30 international indices (developed and developing markets). The empirical results show that crypto-assets act as safe-havens but not as hedges for most of the international indices. The safe-haven property is more important for the crypto-assets with larger market capitalization and higher liquidity and for developed markets. The dynamic results from the rolling window analysis show that the safe-haven property for developed markets decreased in 2017 and increased in 2018 [START_REF] Kajtazi | The role of bitcoin in well diversified portfolios: A comparative global study[END_REF] explore the effects of adding Bitcoin to an optimal portfolio by relying on the mean-CVaR approach. The portfolios used are from U.S., Europe and China. Their results show that add Bitcoin in a portfolio increases its performance and this is due mainly to the increase in returns (than to the reduction of volatility). Moreover the enhancement is linked to Bitcoin's performance in 2013. Finally Bitcoin plays a relevant role in portfolios diversification even if this benefit reduced after the price boom of 2013. [START_REF] Smales | Bitcoin as a safe-haven: Is it even worth considering[END_REF] analyzes several characteristics of Bitcoin namely: volatility, liquidity, price discovery, transaction fees and its correlation with other assets (10-year note futures, Gold, S&P 500 stock index ETFs, Apple and Twitter stocks). Their conclusions are: Bitcoin is more volatile and less liquid than the other assets, the cost of transaction can be high in terms of fees and time during periods of high volatility and substantial volume. Given all these information Bitcoin "should not currently be considered as a safe-haven even if it were to meet the existing criteria related to return correlation" Smales (2019). [START_REF] Guesmi | Portfolio diversification with virtual currency: Evidence from bitcoin[END_REF] use a VARMA (1,1)-DCC-GJR-GARCH to emphasize the joint dynamics of Bitcoin and different financial assets. They show that a short position in Bitcoin market allow hedging the risk investment against all different financial assets namely: Stock markets (MSCI Emerging Markets Index and MSCI Global Market Index), Euro and Chinese exchange rate, Gold and oil (Gold bullion and West Texas Intermediate (WTI)). They also find that hedging strategies involving Gold, oil, emerging stock markets and Bitcoin reduce considerably a portfolio's risk , as compared to the risk of a portfolio composed of Gold, oil and stocks from emerging stocks only. Finally Bitcoin may offer diversification and hedging benefits for investors. [START_REF] Shahzad | Is Bitcoin a better safe-haven investment than gold and commodities?[END_REF] explore the existence of a safe-haven property of Bitcoin for stock market investments during extreme market conditions and whether such a property is similar or different from the safe-haven property of Gold and the general commodity index. To do so, they suggest a new definition of a weak and strong safehaven 22 within a bivariate cross-quantilogram approach. They focus on several stock market indices, including those of the US, China, and other developed and emerging economies over the period from 19 July 2010 to 22 February 2018. The results point out the weak safe-haven property of Bitcoin, Gold and the commodity index in some cases, because as Rolling-window show the safe-haven roles of Bitcoin, Gold, and commodities are time-varying and differ across the stock market indices under study. Globally Bitcoin, Gold, and commodities have a similarity in their weak safe-haven properties for the world stock market index, which is not the case for the developed, emerging, US, and Chinese stock markets. Bitcoin shares with commodities the weak safe-haven property in China, whereas commodities are the only weak safe-haven asset in the US. [START_REF] Urquhart | Is Bitcoin a hedge or safe-haven for currencies? An intraday analysis[END_REF] employ an Asymmetric Dynamic Conditional Correlation (ADCC) model on data spanning from 01 November 2014 to 31 October 2017 and find that Bitcoin can be an intraday hedge for the CHF, EUR and GBP, but acts as a diversifier for the AUD, CAD and JPY. They also examine the safe-haven properties of Bitcoin and find that Bitcoin is a safe-haven during periods of extreme market turmoil for the CAD, CHF and GBP. But Bitcoin does not offer safe-haven status during periods of extreme market turmoil for the AUD, EUR and JPY currencies. [START_REF] Stensås | Can Bitcoin be a diversifier, hedge or safe-haven tool?[END_REF] use a GARCH Dynamic Conditional Correlation (DCC) to investigate whether Bitcoin acts as a diversifier, hedge or safe-haven for investors in major developed and developing markets, as also for commodities. The results show that Bitcoin acts as a hedge for investors in most of the developing countries such as Brazil, Russia, India and South Korea, but only as a diversifier for investors in developed countries (USA, UK, Japan, Italy, Germany, France, Canada) and for commodities

22 "An asset is labelled a strong safe-haven if there is evidence of predictability from a stock index to that asset in the low quantiles of both the stock and the asset returns, and the sign of this predictability is negative. This ensures that extreme negative stock returns are followed by future positive returns in the (safe-haven) asset, i.e. the movement of the (safe-haven) asset in the opposite direction of that of the stock index ensures that the losses occurring in stock investments are counterbalance. In contrast, an asset is labelled a weak safe-haven if there is no evidence of predictability from a stock index to that asset in the low quantiles of both the stock and the asset returns. [START_REF] Shahzad | Is Bitcoin a better safe-haven investment than gold and commodities?[END_REF] (Standard & Poor's Goldman Sachs World Commodity Index, London Metal Exchange, Merrill Lynch Commodity Index Extra Agriculture and MLCX Energy as proxies for Oil, Gold, Cotton, Corn, Coffee and All Wheat). Moreover, during the US election in 2016, Brexit referendum in 2016, and the burst of Chinese market bubble in 2015, Bitcoin acted as a safe-haven asset for both the US and non-US investors. [START_REF] Baumöhl | Stablecoins as a crypto safe-haven? Not all of them![END_REF] analyze the safe-haven properties of the largest stable coins (Tether (USDT), USD Coin (USDC), TrueUSD (TUSD), Paxos Standard Token (PAX), Dai (DAI) and Gemini Dollar (GUSD)) against the standard "nonstable" coins (Bitcoin (BTC), Ethereum (ETH), Ripple (XRP), Bitcoin Cash (BCH), and Litecoin (LTC)). Using a quantile coherency cross-spectral measure on a 1-minute frequency for the entire year of 2019, they find that only TUSD, PAX, and GUSD exhibit safe-haven property. The others stable coins are not very stable, especially at the extreme quantiles of the joint return distribution. They can be used as diversification assets.

Akhtaruzzaman et al. (2020) employ a VARMA DCC-GARCH model to look for portfolio diversification with Bitcoin in global industry portfolios and bond index. They observe a lower dynamic conditional correlations between Bitcoin and industry portfolios and bond index, allowing an investment in Bitcoin to hedge the risk against industry portfolios and bonds. Bitcoin can be a part of a diversified portfolio which increases its risk-adjusted performance. Finally, all industry portfolios with Bitcoin have higher return and lower volatility than those of individual industries. Nevertheless, the bond index portfolio with Bitcoin has higher return, but higher volatility than that of bond index only.

Chen et al. (2020) operate a vector autoregressive (VAR) model to investigate the relationship between fear sentiment, uncertainty, and Bitcoin returns and trading volume over the period from 15 January 2020 to 24 April 2020. They find that increasing fear of the coronavirus leads to negative Bitcoin returns and high trading volume. Bitcoin returns are not responding regardless of the market turmoil caused by the coronavirus. Bitcoin behaves like traditional financial assets rather than safe-haven assets, such as Gold. [START_REF] Kumar | Testing Safe-haven Property of Bitcoin and Gold during COVID-19 : Evidence from Multivariate GARCH analysis[END_REF] tests through a DCC and a cDCC GARCH, the safe-haven property of Gold and Bitcoin against equity markets (NSE50, DJIA, SSE, and CAC40) in the backdrop of COVID-19 . The results suggest that both Gold and Bitcoin exhibit the safehaven property for all the equities. However, during COVID-19 , the safe-haven property of both Bitcoin and Gold is find to be partially compromised but Gold exhibit relatively better safe-haven properties. Finally Bitcoin seems to be affected by shocks originating from other financial markets. It would suggest that it is better to use Bitcoin as a hedge or diversifier. [START_REF] Shahzad | Safe-haven, hedge and diversification for G7 stock markets: Gold versus bitcoin[END_REF] compare Gold and Bitcoin safe-haven properties for the G7 stock markets. They find that Gold is an undisputable safe-haven and hedge for several G7 stock indices (France, Germany, Italy, Japan, the United Kingdom, the United States and the MSCI G7 index), whereas Bitcoin takes these two functions in Canada. The hedging effectiveness of Gold is much superior to the hedging effectiveness of Bitcoin and the conditional diversification benefits offered by Gold to equity investments in the G7 markets are comparatively much higher and more stable than those of Bitcoin. Conlon et al. (2020) test the safe-haven properties of Bitcoin, Ethereum and Tether from the perspective of international equity index investors during COVID-19 23 . Bitcoin and Ethereum are not safe-havens for a majority of international equity markets examined (MSCI World, S&P 500, FTSE 100, FTSE MIB and IBEX). Only investors in the Chinese CSI 300 index realize modest downside risk benefits (contingent on very limited allocations to Bitcoin or Ethereum). However, Tether successfully maintained its peg to the US dollar during the COVID-19 turmoil, it acts as a safe-haven investment for all of the international indices examine. Conlon and McGee (2020) test the diversification benefits from holding Bitcoin in a highly volatile market associated with the COVID-19 crisis. They quantify the relative change in portfolio value at risk (VaR) and conditional value at risk (CVaR). They find that Bitcoin did not act as a safe-haven, instead decreasing in price in lockstep with the S&P 500 as the crisis developed. When held alongside the S&P 500, even a small allocation to Bitcoin substantially increase portfolio downside risk. Dutta et al. (2020) empirically investigate the time-varying correlations between Bitcoin and oil markets to examine whether Bitcoin were a safe-haven asset for the international crude oil markets during the COVID-19 period and they compare the results to those from Gold and Oil time-varying correlations. The results of the time-varying correlations obtained through the DCC-GARCH model suggest that Gold is a safe-haven asset for global crude oil markets and Bitcoin acts only as a diversifier.

Dwita Mariana et al. (2021) use the WHO COVID-19 pandemic statement and test Bitcoin and Ethereum as safe-havens for stocks over the period from 1 July 2019 to 6 April 2020. They find that the crypto-assets are suitable as short-term safe-havens. The DCC and cDCC results show that crypto-assets daily returns tend to correlate with S&P500 return negatively during the pandemic and uncover that Ethereum is probably a better safe-haven than Bitcoin.

Goodell and Goutte (2021a) apply the wavelet method of [START_REF] Grinsted | Application of the cross wavelet transform and wavelet coherence to geophysical time series[END_REF] to daily data of COVID-19 world deaths and daily Bitcoin prices from 31 December 2019 to 29 April 2020. They identify causality and phase differences between COVID-19 deaths 23 The variables used are: MSCI World Index, S&P 500, FTSE 100, FTSE MIB, IBEX and CSI 300. and Bitcoin returns. For the period post 5 April, levels of COVID-19 caused a rise in Bitcoin price (a positive correlation between COVID-19 deaths and Bitcoin returns). During this period of full world containment, COVID-19 deaths seemed to have led Bitcoin returns in the short and medium terms. However, outside the full world containment they find a strong negative co-movement between Bitcoin prices and COVID-19 .

Goodell and Goutte (2021b) operate two econometric procedures namely wavelet coherence and neural network analyzes to rigorously examine the role of COVID-19 on the paired co-movements of four crypto-assets (Bitcoin, Ethereum, Litecoin and Tether) with seven equity indices (SWISS Index, IBEX 35 Spain, DAX, CAC 40 French, FTSE 100 UK, EUROSTOXX and S&P 500) related to countries particularly impacted by COVID-19 . Their period of study includes one year prior to the onset of COVID-19 , and one year during the pandemic. They find that co-movements between crypto-assets and equity indices gradually increased as COVID-19 progressed. However, most of these comovements are either modestly positively correlated, or minimal, suggesting cryptoassets in general do not provide a diversification benefit during either normal times or downturns. An exception, however, is the co-movement of Tether. Tether co-moves negatively with equities to an economically significant degree, both pre COVID-19 , and considerably more during COVID-19 . Tether is an important safe-haven during times of market turmoil. Kumah et al. (2021) investigate the safe-haven properties of crypto-assets (Bitcoin, Ethereum, Litecoin, Ripple, and Tether) for stock indices (African stocks indices: EGX30-Egyptian stock exchange, JSE-Johannesburg stock exchange, NSE-Nigerian stock exchange, and CSE-Casablanca stock exchange; International stock indices S&P 500) and commodity indices (Brent crude oil and Gold) during COVID-19 pandemic. Their data spans 11 August 2015 to 28 August 2020 and they use the Barunik and Krehlik (2018) frequency domain spillover index technique. Their findings show weak interconnectedness across markets suggesting non-contagion risk and also find Ethereum and Tether as safe-havens for African and advanced stock markets from the medium term. Ethereum is a haven for crude oil market in the long-run, whiles Bitcoin and Litecoin are safe-havens for Gold market in the long-run. Crypto-assets as safe-havens for African stocks and commodity indices from the medium-term.

Choi and Shin (2021) estimate a Vector Autoregression (VAR) model to provide a systematic evidence on the relationship among inflation, uncertainty, Bitcoin and Gold prices. Their results are: Bitcoin appreciates against inflation (or inflation expectation) shocks, confirming its inflation-hedging property. However, unlike Gold, Bitcoin prices decline in response to financial uncertainty shocks, rejecting the safe-haven quality. Furthermore, Bitcoin prices increase significantly in response to a positive shock to the stock market, suggesting that Bitcoin does not serve as a hedge for investment in stock markets Finally, Bitcoin prices do not decrease after policy uncertainty shocks, partly consistent with the notion of Bitcoin's independence from government authorities.

Omane-Adjepong and Alagidede (2021) test the potentialities of Bitcoin for several African Stock indices (EGX30, NGSE30 and SEMDEX) during the COVID-19 bear market and they compare the potentialities of Bitcoin to those from Gold and Palladium. Through a DCC-GARCH from May 2015 to August 2020 they find that Bitcoin was not a safe-haven for the African Stock indices during the COVID-19 pandemic. Bitcoin act as a complementary safe-haven asset but not a superior substitute to Gold and Palladium.

Data and Methodology

The data on Bitcoin (BTC), Ethereum (ETH), Ripple (XRP) and Litecoin (LTC) were collected in dollars on Coinmarketcap. The data on Gold, S& P GSCI (GSCI) and T-Bonds rates24 (T BONDS) were extracted respectively on Banque de France, www.spglobal.com and https://www.marketwatch.com/.

The data on FTSE-SA (South Africa), NASI (Kenya), MASI (Morocco), NGSEINDEX (Nigeria), TUNINDEX (Tunisia) and EGX30 (Egypt) were collected on investing.com and yahoo finance. Finally the data on GSE-CI (Ghana) were extracted on Ghana Stock Exchange website. The data about the African financial indices are expressed in their own currency. Our empirical analyzes are conducted with daily log return series covering the period from April 1 𝑟𝑠𝑡 2019 to January 31 𝑟𝑠𝑡 2020 25 .

Table 2.1 and Table 2.2 present the descriptive statistics where we can notice that the highest variances are observed among the crypto-assets: Litecoin (4.686), Ethereum (4.097), Ripple (3.864) and Bitcoin (3.787) .

The Jarque Bera statistics shows that all the variables are not normally distributed and Ccypto-assets with T-Bonds rates show the higher standard deviation relative to African indices for instance. Kurtosis statistics show that all the return series are leptokurtic, with significantly fatter tails and higher peaks indicating asymmetry. Ethereum, EGX30, FTSE-SA and TUNINDEX have negative skewness indicating dominant-negative returns than positive returns in the markets.

Page 48 of 155 Then we take a look into the pair-wise values between all the assets using a heatmap representation (Figure 2.1). A dark red color indicates that the respective two variables are highly negatively correlated, while dark blue indicates a highly positive correlation. For instance, we can see that the crypto-assets (also Gold, GSCI and T-BONDS) are weakly (and negatively) correlated with the African indices on average. It can give a hint about the hedging property of crypto-assets, Gold, GSCI and T-BONDS during the analyzed period. Before using the DCC-GARCH, we test our variables for stationarity. Augmented Dickey-Fuller and Phillips-Perron tests indicate that all return series are stationary (Table 2.

3).

We use the DCC-GARCH methodology developed by [START_REF] Engle | Dynamic Conditional Correlation[END_REF] to examine the dynamic correlation between crypto-assets and financial market indices. The aim is to capture the dynamic nature of crypto-assets (also Gold, GSCI and T-BONDS) as hedges or diversifiers for African indices. DCC-GARCH captures the interactions among assets by allowing the correlations to change over the time. It is estimated in two steps -the first step is a series of univariate GARCH estimates and the second the correlation estimate 26 .

The model is defined as:

𝑟 𝑡 = µ 𝑡 + 𝜀 𝑡 , 𝜀 𝑡 ⎸𝐸(𝜀 𝑡 ) = 0, 𝐶𝑜𝑣 (𝜀 𝑡 ) = 𝐻 𝑡 (1)
𝜀 𝑡 = √𝐻 𝑡 𝑢 𝑡 , 𝑢 𝑡 ∼ 𝑁(0, 𝐼)

(2)

𝐻 𝑡 = 𝐷 𝑡 𝑅 𝑡 𝐷 𝑡 (3) 
Where 𝑟 𝑡 , µ 𝑡 , 𝜀 𝑡 and 𝑢 𝑡 are 𝑁 × 1 dimensional vectors representing respectively log returns of 𝑛 assets at time 𝑡, expected value of the conditional 𝑟 𝑡 , mean-corrected returns of 𝑛 assets at time 𝑡 and 𝑖𝑖𝑑 errors.

𝐻 𝑡 , 𝑅 𝑡 and 𝐷 𝑡 are 𝑁 × 𝑁 dimensional matrices illustrating respectively time-varying matrix of conditional variances of 𝜀 𝑡 , time-varying conditional correlation matrix of 𝜀 𝑡 and time-varying diagonal matrix of conditional standard deviations of 𝜀 𝑡 .

At the first stage of the DCC, 𝐷 𝑡 is generated by estimating a Bollerslev (1986) GARCH model for each series. We assume one shock and one persistency parameter:

ℎ 𝑖,𝑡 = 𝜔 + 𝛼 𝑖 𝜀 𝑖,𝑡-1 2 + 𝛽 𝑖 ℎ 𝑖,𝑡-1 (4) 
ℎ 𝑖,𝑡 is the conditional variance of asset 𝑖 at time 𝑡 .

At the second stage, the dynamic conditional correlations are computed as follows:

𝑅 𝑡 = 𝑑𝑖𝑎𝑔(√𝑞 𝑖𝑖𝑡 -1 , … , √𝑞 𝑁𝑁𝑡 -1 ) 𝑄 𝑡 𝑑𝑖𝑎𝑔(√𝑞 𝑖𝑖𝑡 -1 , … , √𝑞 𝑁𝑁𝑡 -1 ) ( 5)

(√𝑞 𝑖𝑖𝑡 -1 , … , √𝑞 𝑁𝑁𝑡 -1
) is the square root of the diagonal elements of 𝑄 𝑡

The DCC-GARCH (1,1) equation is then given by 𝑄 𝑡 :

𝑄 𝑡 = (1 -𝛼 -𝛽)𝑄 ̅ + 𝑎𝜑 𝑡-1 𝜑′ 𝑡-1 + 𝛽𝑄 𝑡-1 with 𝜑 𝑡 = 𝐷 𝑡 -1 𝜀 𝑡 (6)
Where 𝜑 𝑡 is a vector of standardized residuals from the first-step estimation of the GARCH (1,1) process, 𝑄 𝑡 is the time-varying unconditional correlation matrix of 𝜑 𝑡 and 𝑄 ̅ is a 𝑁 × 𝑁 dimensional positive-definite matrix which represents the unconditional covariance matrix of 𝜑 𝑡 .

𝛼 and 𝛽 satisfy 𝛼 + 𝛽 < 1. As long as 𝛼 + 𝛽 < 1 is fulfilled, 𝑄 𝑡 and 𝑅 𝑡 are varying over the time.

The results from the DCC make the distinction between a hedge (an asset that is uncorrelated or negatively correlated with another asset or portfolio on average), a diversifier (an asset that is positively but not perfectly correlated with another asset or portfolio on average) and a safe-haven (an asset that is uncorrelated or negatively correlated with another asset or portfolio in times of market stress or turmoil) according to the definitions of [START_REF] Baur | Is Gold a Hedge or a Safe-haven? An Analysis of Stocks, Bonds and Gold[END_REF]. 

Empirical Results

We selected the crypto-assets which received the most interest from the high users of crypto-assets in Africa during the study period 27 . The interest of the countries is represented by the volume of searches on Google. We also add to the analysis two countries where crypto-assets were (are still) banned and have low volumes of cryptoassets exchanged, to see how they react: Tunisia and Egypt.

From Google searches 28 , we have the following ranking: Bitcoin received the most interest on average during the study period. The average proportion of searches for Bitcoin varies between 37% (Morocco) and 64% (Nigeria). The second asset is Ethereum with an average searches proportion ranging between 4% (Kenya, Nigeria, Morocco, South Africa) and 8% (Tunisia). Then we have Litecoin with an average proportion of 27 See Appendix, Figure 23. 28 The results from Google Trend "give the proportion of searches for a given keyword in a region and for a specific time period, compared to the region where the rate of use of this keyword is the highest (value of 100). Thus, a value of 50 means that the keyword was used half as often in the region concerned, and a value of 0 means that the data for this keyword is insufficient" Google Trend.

searches between 4% (Morocco and Tunisia) and 1% (Nigeria, South Africa). The last one is Ripple with an average searches proportion between 4% (Kenya) and 1% (Nigeria, Tunisia).

Figure 2.2 shows the correlations between Bitcoin and African indices. Bitcoin was a hedge for GSE-CI (Ghana), MASI (Morocco), NASI (Kenya), FTSE-SA (South Africa) and NGSEINDEX (Nigeria) and a diversifier for TUNINDEX (Tunisia) and EGX30 (Egypt).

We see the same results for Ethereum in Figure 2.3: Ethereum was also a hedge for GSE-CI, MASI, NASI, FTSE-SA and NGSEINDEX and a diversifier for TUNINDEX and EGX30.

We conclude that these two crypto-assets have been hedges for the stock indices of the countries with the largest volumes traded in Bitcoin in 2019 (see Appendix, Figure 23). Thus, despite the ban on the use of crypto-assets in Nigeria and Morocco (see appendix, Figure 22), the populations of these countries hugely use peer-to-peer exchange platforms, raising Nigeria to the 7th place among countries with the largest volumes traded in Bitcoin and Morocco to the 36th place. In Africa, the ranking of countries with the largest Bitcoin trading volume were in 2019 : Nigeria ($258 million), South Africa ($98 million), Kenya ($25 million) and Morocco ($6 million) .

However, we mention the absence of Tunisia and Egypt from this ranking. Egypt has always maintained a hard position on the use of crypto-assets despite a careful examination of the Quran which suggested that the use of crypto-assets is not only permissible, but also preferable to the use of fiat currencies (Al-Baqarah, 2:188). Nevertheless, the Dar al-Ifta (in charge of Islamic education) disagrees. Indeed, for the highest Islamic legal body in the country, Bitcoin is haram and therefore categorically prohibited. While in Tunisia, the use of crypto-assets and in particular Bitcoin is considered as a crime because it is assimilated to money laundering29 . We believe that a low use of these crypto-assets considered as the figureheads of this movement of cryptoadoption, does not allow them to be considered as safe-havens for these countries. However, unlike EGX30, TUNINDEX shows periods of negative correlation with Bitcoin. Bitcoin would therefore be a more interesting diversification asset than Ethereum for TUNINDEX and EGX30 These results are in contrast with the correlations observed for Bitcoin and Ethereum. While Bitcoin and Ethereum, the most famous crypto-assets in Africa, are not hedges for TUNINDEX (Tunisia), Ripple despite these low levels of interest in Africa, is a hedge for TUNINDEX. Litecoin and Ripple are maybe used as substitute to Bitcoin and Ethereum in Tunisia.

Finally Litecoin and Ripple are very interesting as diversifiers for EGX30, TUNINDEX and GSE-CI because the correlations, although positive, are still low. 

Conclusion

Our study has made it possible to meticulously analyze the properties of crypto-assets and some classic assets touted for their quality as hedges. It appears from this analysis that crypto-assets have been stable hedges unlike Gold, GSCI and T-BONDS for the African financial market. Our study joins the line of numerous studies that have pointed out the qualities of crypto-assets when they are introduced into a portfolio composed of traditional assets. Crypto-assets are more efficient when they are poorly correlated to African indices. They are therefore attractive assets that investors should consider in order to optimize their portfolios of African securities.

Chapter 3 CRYPTO-ASSETS AND COVID-19

Part 1: COVID-19 and African indices

1 Introduction

COVID-19 pandemic has made the notion of a globalized world even more tangible. An epidemic which started in China, caused many concerns to the World Health Organization because of its rapid spread, then panic 32 throughout the world and more particularly on financial markets.

Although touted by the literature as indices with little correlation to those of the rest of the world, African stock market indices have not departed from the rule and have also suffered losses from the first cases of COVID-19 on the continent 33 : Kenya (-15 %), Nigeria (-13%), Tanzania (-11%), Tunisia (-9.1%), Ghana (-6.5%), etc.

However, unlike the European market for example, the indices each reacted downward only to the discovery of the first positive case of COVID-19 in the corresponding country. This characteristic or independence in reactions to the pandemic has been discussed several times in the literature, pointing to the lack of integration of African stock markets and make them good diversification assets for each of them [START_REF] Alagidede | African stock market integration: Implications for portfolio diversification and international risk sharing[END_REF][START_REF] Oloko | Portfolio Diversification between Developed and less Developed Economies: The Case of US and UK Investors in Nigeria[END_REF] as a financial shock that originates from developed economies' financial markets may not have spontaneous effect on developing economies financial markets 34 [START_REF] Ncube | Stock Market Integration in Africa: The Case of the Johannesburg Stock Exchange and Selected African Countries[END_REF]. [START_REF] Alagidede | African stock market integration: Implications for portfolio diversification and international risk sharing[END_REF] shows that the correlations vary between 13 and 14% whether between African stock market indices or with international financial markets. In addition, African stock market indices tend to react to local and not global events, which made them excellent diversification assets during the 2008 financial crisis. These results are reinforced by the studies of Agyei-Ampomah (2011), [START_REF] Alagidede | Why a diversified portfolio should include African assets[END_REF]), Kapingura et al. (2014), and [START_REF] Mensah | How are Africa's emerging stock markets related to advanced markets? Evidence from copulas[END_REF].

Our study is part of the prolific line of studies about the impact of COVID-19 crisis on stock markets and the search for safe-haven assets to protect investors. Based on the 32 Szczygielski et al. (2021). 33 Takyi and Bentum-Ennin (2021). 34 "Portfolio diversification opportunities exist in the African stock markets suggesting that investors should also consider investing in their African countries as they offer opportunities rather than considering investing in the international markets only" [START_REF] Ncube | Stock Market Integration in Africa: The Case of the Johannesburg Stock Exchange and Selected African Countries[END_REF].

studies of [START_REF] Harvey | Predictable Risk and Returns in Emerging Markets[END_REF] and [START_REF] Alagidede | African stock market integration: Implications for portfolio diversification and international risk sharing[END_REF], we will analyze in depth some African stock indices namely: GSE-CI (Ghana) FTSE SA (South Africa), EGX30 (Egypt), NASI (Kenya), MASI (Morocco), NGSEINDEX (Nigeria) and TUNINDEX (Tunisia). We want to verify whether the lack of integration of African markets, so often explained in the literature, is still relevant and whether African indices were safe-havens or hedges for each other during COVID-19 crisis.

Next, we will analyze the usefulness of crypto-assets (Bitcoin, Cardano, Ethereum, Litecoin and Ripple) and Gold during this pandemic as safe-havens for the African stocks market.

Using a DCC-GARCH , during the beginning of the pandemic in March, 2020 the African indices showed safe-haven characteristics for each other and even hedge characteristics in periods without crisis.

Regarding crypto-assets and Gold, they were safe-havens and hedges for the African indices contrasting with the European market.

Our analysis contributes to the literature on at least two points. First, we provide additional evidence of the segmentation of the African financial market leading to great portfolio diversification benefits. Second, we show that crypto-assets and Gold are not perfectly integrated to the African financial market and can be used as safe-havens and hedges.

The remainder of this part is organized as follows. Section 2 describes the data and the model. Section 3 presents the results. Section 4 concludes.

Data and model

Data on Bitcoin (BTC), Ethereum (ETH), Ripple (XRP), Cardano (ADA) and Litecoin (LTC) were collected in dollars on Coinmarketcap. Data on Gold) were extracted on Banque de France. Data on FTSE-SA (South Africa), NASI (Kenya), MASI (Morocco), NGSEINDEX (Nigeria), TUNINDEX (Tunisia) and EGX30 (Egypt) were collected on investing.com and yahoo finance. Finally data on GSE-CI (Ghana) were extracted on Ghana Stock Exchange website. The data about the African financial indices are expressed in their own currency. Our empirical analyzes are conducted with daily log return series covering the period from January 2 𝑛𝑑 2020 to June 30 𝑡ℎ 2020 35 . 35 See Appendix , Figure 29 and Figure 30 for the variables in level. 3.2 present the descriptive statistics where we can notice that the highest variances are observed among crypto-assets: Cardano (6.581), Ethereum (6.115), Litecoin (5.405),Bitcoin (4.831) and Ripple (4.686) .

Table 3.1 and Table

Jarque Bera statistics shows that all the variables are not normally distributed. Kurtosis statistics display that all the return series are leptokurtic, with significantly fatter tails and higher peaks indicating asymmetry. All the assets have negative skewness (except for Gold and TUNINDEX) indicating dominant-negative returns than positive returns in the markets.

Then we take a look into the pair-wise values between all the assets using a heatmap representation (Figure 3.1). A dark red color indicates that the respective two variables are highly negatively correlated, while dark blue indicates a highly positive correlation. For instance, we can see that the crypto-assets (also Gold) are weakly (and negatively) correlated with the African indices on average. It can give a hint about the hedging and safe-haven properties of crypto-assets and Gold the analyzed period. We also notice that Gold and the crypto-assets are positively correlated giving the signal that they had the same purpose during this crisis (Dwitta Mariana et al., 2021).

We use Augmented Dickey-Fuller and Phillips-Perron tests to check the stationarity of our variables, which suggest that all return series are stationary. We then use the DCC-GARCH methodology developed by [START_REF] Engle | Dynamic Conditional Correlation[END_REF] to examine the dynamic correlations. We aim to capture the evolution of the dynamic correlations between the African indices and then between crypto-assets (or Gold) and the African Indices. 

Results and Discussions

Accordingly to a study from [START_REF] Anyanwu | The impact of COVID-19 on African economies: An introduction[END_REF], a year after the first coronavirus case was detected in Africa, the total number of confirmed followed by North America (28.6%), Asia (21.9%), South America (15.9%) and Africa (3,964,055 or 3.4%). Africa's reported confirmed cases are the lowest globally 36 . From a regional perspective, confirmed cases were highest in Southern Africa (47.4%), followed by North Africa (29.8%), West Africa (10.13%), East Africa (10.12%), and Central Africa (2.6%). On a country basis, 78.7% of confirmed cases were in nine countries, namely South Africa (38.4%), Morocco (12.3%), Tunisia (6.0%), Egypt (4.7%), Ethiopia (4.2%), Nigeria (4.0 %), Libya (3.5%), Algeria (2.9%) and Kenya (2.7%).

Overall, Africa seems to have suffered the least from the COVID-19 crisis. However, as [START_REF] Adenomon | On the Effects of COVID-19 outbreak on the Nigerian Stock Exchange performance: Evidence from GARCH Models[END_REF] [START_REF] Takyi | The impact of COVID-19 on stock market performance in Africa: A Bayesian structural time series approach[END_REF] and [START_REF] Jeribi | Can cryptocurrencies be a safe-haven during the novel COVID-19 pandemic? Evidence from the Tunisian Stock Market[END_REF] show, the discovery of the first cases of COVID-19 on the continent caused panic in African stock markets. However, this panic was not general, because each stock market index reacted downward only to the discovery of the first case of COVID-19 in the corresponding country (see Appendix, Figure 29). Following the example of [START_REF] Takyi | The impact of COVID-19 on stock market performance in Africa: A Bayesian structural time series approach[END_REF], the start of the crisis for each index corresponds to the discovery of the first case of COVID-19 in the country (Table 3.3). The results of this first part are consistent with those from Iyke and Ho (2021) who found that in uncertain times like the pandemic, stock market like Ghana stock index may offer potential diversification benefits to investors. Al-Qudah et al. (2021) explain this property by the fact that the African Stocks market's performance reacted negatively to the COVID-19 outbreak37 , but in a lesser extent than the European Stocks market for example [START_REF] Del Lo | COVID-19 And the african financial markets: Less infection, less economic impact[END_REF]. These indices are more affected by inner news and uncertainty than global uncertainties, leading them to great diversification properties [START_REF] Jefferis | International stock market linkages in Southern Africa[END_REF][START_REF] Tachiwou | Day-of-the-Week-Effects in West African Regional Stock Market[END_REF][START_REF] Kishor | Stock Return Volatility Effect: Study of BRICS[END_REF].

Crypto-assets and Gold

In this subsection, we analyze the properties of Gold and crypto-assets as safe-havens during the COVID-19 crisis.

Gold (Figure 3.9) has been an indisputable safe-haven for EGX30, FTSE-SA, GSE-CI, MASI and TUNINDEX. For NASI, Gold was a safe-haven for a fairly short period after the discovery of the first case of COVID-19 (2 to 3 days) and, Gold has been a diversifier for NGSEINDEX. These results are in line with those of Omondi-Mensah and Alagidede (2021) who argue that Gold has been a safe-haven for African stock indices during the COVID-19 crisis (but this safe-haven property were fragile, fading away when the pandemic raged hardly). [START_REF] Shahzad | The hedge asset for BRICS stock markets: Bitcoin, gold or VIX[END_REF] show also that Gold is an efficient safehaven or hedge during turmoil for developing or emerging countries.

Furthermore, the findings of Bonga-Bonga (2020) suggest the importance of combining Gold and stocks as the best strategy to hedge against stocks risk, especially during financial crise for South African stock market. But these results are in contrast with those from [START_REF] Adewuyi | Analysing the gold-stock nexus using VARMA-BEKK-AGARCH and Quantile regression models: New evidence from South Africa and Nigeria[END_REF] who found no evidence of Gold safe-haven property for South Africa's stock. In their study, Gold is a safe-haven for Nigeria's stock only, implying that Gold is a clear safe-haven only when the Nigerian stock market experiences bearish condition.

It is important to note that outside the crisis' periods, Gold is a hedge for EGX30, FTSE-SA, MASI, NASI and TUNINDEX. Regarding Bitcoin (Figure 3.10), it has been a safe-haven for all the African indices except MASI for which it has been a diversifier. These results are in contrast with those from Omane-Adjepong and Alagidede (2021) who shows that Bitcoin acts as weak safe-haven making it a complementary safe-haven and not a virtual Gold.

We find the same results for Ethereum (Figure 3.11), which is also a safe-haven for all the African stock market indices except MASI. We also note that like Gold, Bitcoin and Ethereum are an indisputable hedge during the study period.

These results are in contrast with those from Jeribi and Manzli (2021) who find that Bitcoin and Ethereum were not able to serve as safe-haven during the COVID-19 pandemic for Tunisia. Even if crypto-assets are prohibited in Tunisia, Bitcoin and Ethereum would be able to serve as safe-havens. Litecoin (Figure 3.13) has been a safe-haven asset for EGX30, FTSE-SA, GSE-CI, NASI and TUNINDEX. Just like Bitcoin and Ethereum before, we mention that Litecoin outside of the crisis is a hedge for the indices for which it was a safe-haven during the COVID-19 crisis. Moreover for MASI and NGSEINDEX where Litecoin is a diversifier, it is a high quality diversification asset because the correlations are rather low varying between 2 and 6%. Finally Ripple (Figure 3.14) was a safe-haven for FTSE-SA, GSE-CI and TUNINDEX. It was also a hedge for these indices throughout the study period. In addition, Ripple seems to be a better diversification asset than the other crypto-assets because its correlations with the African indices fluctuated around 0.07% to 5%. 

Conclusion

The COVID-19 crisis was an opportunity to empirically test the safe-haven qualities of crypto-assets. By adding them to African stock markets, we were able to demonstrate their potential for this market that is still very little explored. We have shed light on the low correlation between African stock indices and crypto-assets, allowing them to be used as safe-havens during this period of uncertainty and panic created by the COVID-19 pandemic. An interesting part of our analysis was the possibility of showing that the low integration of the African market was an plus for them because they were able to hedge each other during the pandemic. Finally, we have determined the status of Gold for this market: excellent diversification asset in periods of financial stability and hedge/safe-haven in times of crisis.

Part 2: Crypto-assets better safe-havens than Gold during COVID-19 : The case of European indices

This part is based on a personal research and has been submitted to Eurasian Economic Review.

Introduction

Since the World Health Organization's announcement on 11 March 2020 of a global pandemic due to COVID-19 , the health crisis has turned into an economic and financial crisis causing several losses on many indices. DAX-30, EUROSTOXX, IMOEX, FTSE-100 and CAC40 have lost respectively -12.24%, -12.4%, -8.28%,-10.87% and -9%.This situation of a general decline in several financial indices is a reminder of the interconnections between financial markets. Given this interconnection it is necessary for an investor to select the assets that are negatively or weakly correlated to each other in order to reduce losses on his portfolio.

Traditionally, Gold has been use as safe-haven and several studies have shown that it is efficient in times of distress [START_REF] Baur | Is Gold a Hedge or a Safe-haven? An Analysis of Stocks, Bonds and Gold[END_REF][START_REF] Reboredo | Is gold a safe-haven or a hedge for the US dollar? Implications for risk management[END_REF]Baur andMcDermott, 2010, 2016;[START_REF] Zhang | Financial markets under the global pandemic of COVID-19[END_REF]. But during the crash caused by the pandemic, Gold prices also dropped (-3.51%). For [START_REF] Akhtaruzzaman | Is gold a hedge or a safe-haven asset in the COVID-19 crisis?[END_REF], Gold was not a safe-haven during the market crash of March 2020 as its correlations with many assets were positive. Given the inability of Gold to perform its traditional function as a safe-haven asset during this crisis, we decide to study the properties of another asset class: Crypto-assets.

Regarding crypto-assets, there is no consensus about their properties as safehavens. Indeed, some authors consider crypto-assets and Bitcoin in particular very useful in times of crisis because it is decoupled from the traditional assets (Bouri et al., 2017;Gil-Alana et al., 2020) and exhibits clearly safe-haven properties against economic policy uncertainty or COVID-19 [START_REF] Bouri | Modelling long memory volatility in the Bitcoin market: Evidence of persistence and structural breaks[END_REF], Corbet et al., 2020a;Goodell and Goutte, 2021a). Crypto-assets are also useful as hedges against US dollar fluctuations, european indices, equity market, or ETFs (Dyhrberg, 2016a;Bouri et al., 2021;[START_REF] Chan | Holding Bitcoin longer: The dynamic hedging abilities of Bitcoin[END_REF][START_REF] Samah | Bitcoin Hedging and Diversification Capabilities: An International Evidence[END_REF][START_REF] Kristjanpoller | Cryptocurrencies and equity funds: Evidence from an asymmetric multifractal analysis[END_REF] and as diversification assets [START_REF] Brière | Virtual currency, tangible return: Portfolio diversification with bitcoin[END_REF][START_REF] Platanakis | Should investors include Bitcoin in their portfolios? A portfolio theory approach[END_REF] because their introduction in a portfolio would lower the overall risk. Otherwise other studies show that crypto-assets are not safe-havens (Goodell and Goutte, 2021b (except Tether); [START_REF] Shahzad | Is Bitcoin a better safe-haven investment than gold and commodities?[END_REF]Colon and Gee, 2020) and can even be risky in a portfolio [START_REF] Al-Khazali | The impact of positive and negative macroeconomic news surprises: Gold versus Bitcoin[END_REF]Corbet et al., 2020b).

Based on this observation, we consider that COVID-19 crisis has created the right conditions to test the properties of crypto-assets as safe-havens using a Dynamic Conditional Correlation (DCC-GARCH). As defined by [START_REF] Engle | Dynamic Conditional Correlation[END_REF], a DCC-GARCH has "the flexibility of univariate GARCH but not the complexity of conventional multivariate GARCH" and it also allows the correlations to change over the time. A DCC-GARCH is a practical tool for analyzing the evolution of the correlation between two financial assets.

We therefore, select some of the most famous crypto-assets namely: Bitcoin (BTC), Ethereum (ETH), Cardano (ADA), Ripple (XRP), Dogecoin (DOGE), Tether (USDT) and Litecoin (LTC) ) and test their properties as safe-havens on several European indices: CAC40 (France), DAX-30 (Germany), IBEX-35 (Spain), FTSE-100 (England), FTSE-MIB (Italy), OMXS30 (Sweden), BIST-100 (Turkey), PSI-20 (Portugal), EUROSTOXX, IMOEX (Russia) and BEL-20 (Belgium). To our knowledge, there is no study in the literature that thoroughly analyzes the European financial market during the market crash due to COVID-19 by comparing the safe-haven characteristics of crypto-assets to those of Gold.

We find that crypto-assets (namely Tether, Cardano and Dogecoin) were more efficient than Gold as safe-havens during the market crash (due to COVID-19 ), as their correlation with FTSE-100, DAX-30, EUROSTOXX, IMOEX, IBEX-35, BEL20, FTSE-MIB, IMOEX, PSI20 and OMXS30 was negative. Furthermore, Tether, Cardano and Dogecoin have shown hedging characteristics like Gold before and after the market crash. Finally, Bitcoin, Ethereum, Litecoin and Ripple were just diversifiers for the European indices.

This part is organized as follows: Section 2 presents the data and methodology, while Section 3 describes the empirical results, and Section 4 summarizes our findings and provides conclusions.

Data and Methodology

The data on crypto-assets were collected in euros on yahoo finance, those on European indices were collected on investing.com, then the data on Gold were extracted on https://www.banque-france.fr/ . Our empirical analyzes are conducted with daily log returns covering the period from January 2 𝑛𝑑 2020 to June 30 𝑡ℎ 2020. Table 3.4 and Table 3.5 present the descriptive statistics where we can notice that the highest variances are observed among crypto-assets: Cardano (6.86), Ethereum (6.22), Bitcoin (5.98), Litecoin (5.65), Ripple (4.81) and Dogecoin (3.52). The smallest variance goes to Tether (0.85). Then we take a look into the pair-wise values between all the assets using a heatmap representation (Figure 3.15). A dark red color indicates that the respective two variables are highly negatively correlated, while dark blue indicates a highly positive correlation. For instance, we can see that Tether (USDT) is mostly negatively correlated with the other cryptocurrencies and indices. It can give a hint about the safe-haven property of Tether during this period. For assets like Bitcoin (BTC), Ethereum (ETH), Litecoin (LTC), Ripple (XRP) and Gold where we observe a positive correlation with European indices, we can have a suspicious idea about their failure as safe-havens during this period.

Before using the DCC-GARCH, we test our variables for stationarity. Augmented Dickey-Fuller and Phillips-Perron tests indicate that all return series are stationary (Table 3.6). We also make a test about the presence of ARCH effects. ARCH test allows the rejection of the null hypothesis of an absence of ARCH effects (Table 3.

7).

Then we use the DCC-GARCH methodology developed by [START_REF] Engle | Dynamic Conditional Correlation[END_REF] to examine the dynamic correlation between crypto-assets (and Gold) and financial market indices. The aim is to capture the dynamic nature of Gold and crypto-assets as hedge, diversifier or safe-haven for European assets during the market crash of March 2020. DCC-GARCH captures the interactions among assets by allowing the correlations to change over the time. It is estimated in two steps -the first is a series of univariate GARCH estimates and the second the correlation estimate.

The model is defined38 as:

𝑟 𝑡 = µ 𝑡 + 𝜀 𝑡 , 𝜀 𝑡 ⎸𝐸(𝜀 𝑡 ) = 0, 𝐶𝑜𝑣 (𝜀 𝑡 ) = 𝐻 𝑡 (1) 𝜀 𝑡 = √𝐻 𝑡 𝑢 𝑡 , 𝑢 𝑡 ∼ 𝑁(0, 𝐼) (2) 
𝐻 𝑡 = 𝐷 𝑡 𝑅 𝑡 𝐷 𝑡 (3) 
Where 𝑟 𝑡 , µ 𝑡 , 𝜀 𝑡 and 𝑢 𝑡 are 𝑁 × 1 dimensional vectors representing respectively log returns of 𝑛 assets at time 𝑡, expected value of the conditional 𝑟 𝑡 , mean-corrected returns of 𝑛 assets at time 𝑡 and 𝑖𝑖𝑑 errors.

𝐻 𝑡 , 𝑅 𝑡 and 𝐷 𝑡 are 𝑁 × 𝑁 dimensional matrices illustrating respectively time-varying matrix of conditional variances of 𝜀 𝑡 , time-varying conditional correlation matrix of 𝜀 𝑡 and time-varying diagonal matrix of conditional standard deviations of 𝜀 𝑡 .

At the first stage of the DCC, 𝐷 𝑡 is generated by estimating a Bollerslev (1986) GARCH model for each series. We assume one shock and one persistency parameter:

ℎ 𝑖,𝑡 = 𝜔 + 𝛼 𝑖 𝜀 𝑖,𝑡-1 2 + 𝛽 𝑖 ℎ 𝑖,𝑡-1 (4) 
ℎ 𝑖,𝑡 is the conditional variance of asset 𝑖 at time 𝑡 .

At the second stage, the dynamic conditional correlations are compute as follows:

𝑅 𝑡 = 𝑑𝑖𝑎𝑔(√𝑞 𝑖𝑖𝑡 -1 , … , √𝑞 𝑁𝑁𝑡 -1 ) 𝑄 𝑡 𝑑𝑖𝑎𝑔(√𝑞 𝑖𝑖𝑡 -1 , … , √𝑞 𝑁𝑁𝑡 -1 ) (5) 
(√𝑞 𝑖𝑖𝑡 -1 , … , √𝑞 𝑁𝑁𝑡 -1 ) is the square root of the diagonal elements of 𝑄 𝑡

The DCC-GARCH (1,1) equation is then given by 𝑄 𝑡 :

𝑄 𝑡 = (1 -𝛼 -𝛽)𝑄 ̅ + 𝑎𝜑 𝑡-1 𝜑′ 𝑡-1 + 𝛽𝑄 𝑡-1 with 𝜑 𝑡 = 𝐷 𝑡 -1 𝜀 𝑡 (6) 
Where 𝜑 𝑡 is a vector of standardize residuals from the first-step estimation of the GARCH (1,1) process, 𝑄 𝑡 is the time-varying unconditional correlation matrix of 𝜑 𝑡 and 𝑄 ̅ is a 𝑁 × 𝑁 dimensional positive-definite matrix which represents the unconditional covariance matrix of 𝜑 𝑡 .

𝛼 and 𝛽 satisfy 𝛼 + 𝛽 < 1. As long as 𝛼 + 𝛽 < 1 is fulfille, 𝑄 𝑡 and 𝑅 𝑡 are varying over the time.

As a robustness test, we run OLS regressions with Prais-Winstern robust estimator, as presented in equations 7 and 8 :

𝐶𝑜𝑖𝑛 𝑡 = 𝛾 + 𝛽 1 𝐶𝑜𝑖𝑛 𝑡-1 + 𝛽 2 𝑆𝑡𝑜𝑐𝑘 𝑡 + 𝛽 3 𝐶𝑜𝑣𝑖𝑑 * 𝑆𝑡𝑜𝑐𝑘 𝑡 + 𝛽 4 𝑆𝑡𝑜𝑐𝑘 𝑡-1 + 𝜀 𝑡 (7)

𝐺𝑜𝑙𝑑 𝑡 = 𝛾 + 𝛽 1 𝐺𝑜𝑙𝑑 𝑡-1 + 𝛽 2 𝑆𝑡𝑜𝑐𝑘 𝑡 + 𝛽 3 𝐶𝑜𝑣𝑖𝑑 * 𝑆𝑡𝑜𝑐𝑘 𝑡 + 𝛽 4 𝑆𝑡𝑜𝑐𝑘 𝑡-1 + 𝜀 𝑡 (8)
Where 𝐶𝑜𝑖𝑛 𝑡 is the crypto-asset return at day-t, 𝐺𝑜𝑙𝑑 𝑡 is Gold return at day-t, 𝑆𝑡𝑜𝑐𝑘 𝑡 is stock return at day-t and 𝐶𝑜𝑣𝑖𝑑 * 𝑆𝑡𝑜𝑐𝑘 𝑡 is a dummy variable that equals one if day-t is on the pandemic announcement date (March 11, 2020) or the subsequent days (14 days).

If a crypto-asset or Gold serves as a safe-haven in the pandemic, then the coefficient of 𝛽 3 is expected to be negative [START_REF] Baur | Bitcoin: Medium of exchange or speculative assets?[END_REF]. "A safe-haven asset holds its value in 'stormy weather' or adverse market conditions. Such an asset offers investors the opportunity to protect wealth in the event of negative market conditions" [START_REF] Baur | Is gold a safe-haven? International evidence[END_REF]. 

Empirical Results

The European indices and Gold correlations (Figure 3.16) are increasing and positive after the market crash due to the WHO's announcement of March 11 𝑡ℎ 2020 (symbolized by the red line). The correlations remained positive during few days after the market crash and Gold returned to its traditional function of hedge later. We can clearly observe that Gold has failed in its traditional function as a safe-haven asset right after the WHO's announcement and the subsequent days (almost 10 days, except for CAC 40, BIST-100 and FTSE MIB)). During the market crash, the correlation between Gold and European indices immediately rose, reducing Gold to the status of diversifier. The failure of Gold as a safe-haven is confirmed by our OLS regression (Table 3.8 When we take a look to crypto-assets, Bitcoin (Figure 3.17) did not exhibit safehaven properties during the market crash. After the WHO's announcement most of the couple correlation increased and all were positive. During the period of study we can notice that Bitcoin was just a diversifier except for IMOEX where it showed sometimes hedging features. These results are in contradiction with a lot of studies in the literature (Corbet et al., 2018;[START_REF] Shahzad | Is Bitcoin a better safe-haven investment than gold and commodities?[END_REF][START_REF] Kumar | Testing Safe-haven Property of Bitcoin and Gold during COVID-19 : Evidence from Multivariate GARCH analysis[END_REF][START_REF] Dwita Mariana | Are Bitcoin and Ethereum safe-havens for stocks during the COVID-19 pandemic?[END_REF] where Bitcoin is depicted as a safe-haven because of its decoupling of the traditional financial market or its weak correlation with the traditional assets. According to Corbet et al. (2018) crypto-assets namely Bitcoin, Ripple and Litecoin are isolated and disconnected from mainstream assets. Therefore, these crypto-assets would be useful to diversify or hedge a portfolio composed with mainstream assets. As we saw with the correlation heat-map, the correlation between Bitcoin and the European indices is in most cases positive and it will be more important with the growing usage of Bitcoin. Bitcoin cannot act as safe-haven or hedge for the European indices because of this positive relationship. To a lesser extent, Bitcoin can be a diversifier for the European indices. Table 3.8 confirmed the absence of a safe-haven property for Bitcoin during the WHO's announcement and 14 days later. The OLS results show globally a positive relationship between Bitcoin returns and the COVID-19 variable. None of these crypto-assets acted as a safe-haven as all the correlations provided by the DCC-GARCH were positive. We also notice the positive relationship between these crypto-assets and the European indices on the heat-map (Figure 3.15). The OLS results support the absence of safe-haven characteristics for Ethereum, Litecoin and Ripple as their relationship with the COVID-19 dummy variable is positive and significant in some cases (Table 3.8). These results are in line with Colon and McGee (2020), [START_REF] Goodell | Diversifying equity with cryptocurrencies during COVID-19[END_REF] and Corbet et al. (2020b). Ethereum, Litecoin and Ripple were also weak diversifiers for the European indices because of the positive and stable correlation between them. Before and after the market crash, the correlations were globally negative (except for CAC40). Tether shows some hedging features like Gold for European indices during the period of study. These results are in line with [START_REF] Goodell | Diversifying equity with cryptocurrencies during COVID-19[END_REF]. They explain the safe-haven property of Tether by its stability with dollar. The results of the DCC-GARCH are also supported by the OLS regression (Table 3.8). The relationships between Tether returns and the COVID-19 dummy variable are negative, confirming the safe-haven property of Tether. Cardano was a safe-haven for all the indices except for CAC40, IMOEX, IBEX-35, EUROSTOXX and BIST-100. Unlike Tether, the correlation decreasing was not always automatic (e.g. FTSE 100) and drastic. The drops were small in magnitude compared to those of Tether. However, Cardano was also a hedge for most of the European indices. The results of the OLS regression are also mixed (Table 3.8) confirming that Cardano was not a safe-haven for CAC40, IMOEX, IBEX-35, EUROSTOXX and BIST-100. About Dogecoin (Figure 3.24), it was a safe-haven for OMSX30 where the correlation were negative during the market crash. For FTSE-100, DAX and EUROSTOXX, the correlations dropped but became negative few days after the WHO's announcement. Like Tether and Cardano, Dogecoin showed hedging properties for these indices. But, Tether appeared as a better safe-haven than Cardano and Dogecoin during this period of study. Finally, our OLS regression shows that Dogecoin has been a safe-haven only for EUROSTOXX OMXS30 and FTSE-100 (Table 3.8). For DAX the coefficient is negative but not significant. As their usage will grow, they will be more implemented in the traditional financial market and we think that they will probably lose as Bitcoin or Ethereum their safehaven ( or hedging ) properties.

Conclusion

COVID-19 was the first crisis experienced by crypto-assets. This crisis made it possible to concretely analyze their characteristics as safe-havens, so we were thus able to study their relationships with European indices via a DCC-GARCH methodology. We notice that crypto-assets (Tether, Cardano and Dogecoin) were more efficient than Gold during this financial crisis. They exhibited interesting safe-haven characteristics for FTSE-100, DAX-30, EUROSTOXX, IMOEX, IBEX-35, BEL20, FTSE-MIB, IMOEX, PSI20 and OMXS30. Moreover, before and after the market crash, Tether, Cardano, and Dogecoin even showed hedging properties like Gold.

We find no safe-haven properties for Bitcoin, Ethereum, Ripple and Litecoin. Those assets were just diversifiers during this crisis. These results are in line with Colon and McGee (2020), [START_REF] Goodell | Diversifying equity with cryptocurrencies during COVID-19[END_REF] and Corbet et al. (2020b). This empirical study may provide investors with valuable information to make the best decisions about their portfolio allocation and can be interesting for academics. 

Part 3: COVID-19 Vaccination and Crypto-assets

This part is based on a joint research with Whelsy Boungou. The article has been reviewed and will be submitted soon.

Introduction

"It's not vaccines that will stop the pandemic, it's vaccination." WHO (2020) When will the world finally emerge from the COVID-19 health crisis? COVID-19 has led to the deaths of millions of people worldwide and to sharp fluctuations in international financial markets [START_REF] Xu | COVID-19 and currency dependences: Empirical evidence from BRICS[END_REF][START_REF] Zhang | Financial markets under the global pandemic of COVID-19[END_REF]. Many indices witnessed a drop in March the 11 th 2020, after the WHO's announcement about a pandemic: DAX-30 (-12.24%), IMOEX (-8.28%) and NSE 30 (-25%). During this market crash many studies showed that crypto-assets were useful as safe-havens or diversifiers [START_REF] Kumar | Testing Safe-haven Property of Bitcoin and Gold during COVID-19 : Evidence from Multivariate GARCH analysis[END_REF][START_REF] Dwita Mariana | Are Bitcoin and Ethereum safe-havens for stocks during the COVID-19 pandemic?[END_REF]Goodell and Goutte, 2021;[START_REF] Yousaf | Spillovers between the Islamic gold-backed cryptocurrencies and equity markets during the COVID-19 : A sectorial analysis[END_REF] because their returns were negatively correlated (or comoved negatively) with the traditional indices returns.

A growing literature on the relationship between COVID-19 and crypto-assets (among others, Conlon et al., 2020;Goodell and Goutte, 2021a,b) has shown a positive correlation (and co-movement) between COVID-19 -related deaths and Bitcoin returns. For instance, Goodell and Goutte (2021a) find that COVID-19 levels measured by the number of deaths caused by COVID-19 led to a rise of the bitcoin price and this effect was higher after 5 April 2020.

In the light of this, governments around the world have been working hard since the start of the pandemic both to save lives and to get economies out of the crisis. In addition, for almost a year now, governments have been launching massive vaccination campaigns against COVID-19 . Ceteris paribus, this vaccination campaign should therefore be negatively correlated with crypto-assets. In other words, should we expect a negative correlation between crypto-assets returns and the rollout of the COVID-19 vaccination campaigns? The aim of this paper is therefore to analyze the relationship between the rollout of COVID-19 vaccination campaigns and cryptoassets.

On this basis, our analysis focuses on two points: (i) we analyze the correlation between worldwide COVID-19 deaths (and also worldwide COVID-19 cases) and crypto-assets; (ii) we investigate the correlation between worldwide COVID-19 vaccination and crypto-assets returns. Our analysis covers the period from January 2020 to July 2021.

To measure the effects of COVID-19 , we use the worldwide total deaths caused by COVID-19 (and also the total cases of COVID-19 ). For vaccination, we use the worldwide total number of people who are fully vaccinated and the total newly vaccinated. For the crypto-assets, we use the returns of the two largest crypto-assets, namely Bitcoin and Ethereum.

Using a DCC-GARCH, our results suggest that Bitcoin returns and Ethereum returns were positively correlated with the total deaths caused by COVID-19 and also the confirmed cases of COVID-19. Then Bitcoin returns and Ethereum returns are negatively correlated with the total number of person who are fully vaccinated.

Our analysis contributes to the literature on at least two aspects. First, we provide additional evidence of a positive correlation between worldwide COVID-19 deaths (and COVID-19 cases) and crypto-assets returns. Second, while previous studies have mainly focused on the onset of the pandemic, this paper provides the first evidence of a negative correlation between COVID-19 vaccination and crypto-assets returns. Overall, we show that COVID-19 vaccination reduces the uncertainties associated with COVID-19 pandemic.

The remainder of the paper is organized as follows. Section 2 describes the data, the empirical specification and the results. Section 3 presents a robustness test and Section 4 concludes.

Data and Model

For our analysis, we collect data (in dollars) from crypto-assets on Coinmarketcap. Those on COVID-19 (worldwide number of deaths and number of confirmed cases of COVID-19 ) and Vaccination (worldwide number of people who received all doses prescribed by the vaccination protocol) were collected on Our World In Data. The empirical analyses are conducted with daily log returns covering the period from January 23 𝑟𝑑 2020 to July 10 𝑡ℎ 2021. Table 3.9 presents the descriptive statistics .

Then we take a look into the standard correlations via the pair-wise values between all the variables (Table 3.10). We notice a positive correlation between cryptoassets returns and the variables related to COVID-19 cases and deaths. While the correlation between crypto-assets returns and the number of people fully vaccinated is negative.

We use Augmented Dickey-Fuller and Phillips-Perron tests to check the stationarity of our variables, which suggest that all return series are stationary. We then use the DCC-GARCH methodology developed by [START_REF] Engle | Dynamic Conditional Correlation[END_REF] to examine the dynamic correlations. We aim to capture the evolution of the dynamic correlations between COVID-19 and crypto-assets by comparing the correlations between cryptoassets returns and COVID-19 before and during the vaccination campaigns. 

Empirical Results

COVID-19 and Crypto-assets

After the WHO announcement of a global health crisis, several studies emerged to investigate the capabilities of several assets as safe-havens or diversification assets. It is in this context that Goodell and Goutte (2021a) analyzed by means of a wavelet coherence the correlation and co-movement between COVID-19 deaths and Bitcoin returns. They conclude that there is a positive correlation between these two variables and COVID-19 deaths seemed to lead Bitcoin returns in the short and medium terms, over the period of full world containment in 2020. They also find a strong negative comovement of Bitcoin returns and COVID-19 deaths. We follow their lead by analyzing the correlations between Bitcoin returns and the worldwide number of COVID-19 positive cases and the total number of deaths due to COVID-19. During all the study period (and even after the beginning of vaccination campaigns), we find a positive correlation between Bitcoin returns and COVID-19 cases and deaths (Figure 3.25 and Figure 3.26). This result confirms those of Goodell and Goutte (2021) who show that during the health crisis Bitcoin was a safe-haven because it moved in the opposite direction of the crisis (negative co-movement and correlation). This also applied to Ethereum returns which are negatively correlated to worldwide number of COVID-19 cases but with the number of deaths, we notice some periods of negative correlation Our results are also consistent with Dwita Mariana et al. (2021) and [START_REF] Kumar | Testing Safe-haven Property of Bitcoin and Gold during COVID-19 : Evidence from Multivariate GARCH analysis[END_REF] who also showed that these two crypto-assets (namely Bitcoin and Ethereum) are safehavens during COVID-19 crisis. 

COVID-19 vaccination and Crypto-assets

The results of the previous section confirm the existence of a positive correlation between COVID-19 cases and crypto-assets returns. In this section, we now analyze the relationship between COVID-19 vaccination and crypto-assets returns. Indeed, vaccination (as a hopeful development) should reduce the uncertainties related to the pandemic and thus potentially reverse the trend between crypto-assets returns and COVID-19 cases and deaths during the post-vaccination period. To do so, we consider the period from December 2020 to July 2021 (corresponding to the roll-out of the COVID-19 vaccination) and use the worldwide total number of people fully vaccinated against COVID-19 . The results of this analysis are shown in Figure 3.27. These results highlight a negative relationship between vaccination and crypto-assets. In other words, we find that the increase in fully vaccinated individuals against COVID-19 is negatively correlated with crypto-assets returns. These results underline the importance of vaccination in the fight against the pandemic and thus in containing the fluctuations of the financial markets. In doing so, vaccination would then reverse the trend by reducing the attractiveness of crypto-assets, notably Bitcoin and Ethereum, as safehaven assets (as it was the case at the beginning of the pandemic). 

Robustness test

In this section we perform a robustness test which is a structural break regression to test the sensitivity of crypto-assets returns to the vaccination rollout. The regression run is :

𝐶𝑜𝑖𝑛 𝑡 = 𝛼 + ɸ𝐶𝑜𝑖𝑛 𝑡-1 + 𝛽𝐶𝑂𝑉𝐼𝐷 𝑡 + µ𝐶𝑂𝑉𝐼𝐷 𝑡 * 1 [𝑝𝑜𝑠𝑡 𝑣𝑎𝑥] + 𝜀 𝑡 (1) 
Where 𝐶𝑜𝑖𝑛 𝑡 is the crypto-asset return at day-t, 𝐶𝑂𝑉𝐼𝐷 𝑡 is a variable to express the total number of COVID-19 cases or the total number of COVID-19 deaths before the vaccination rollout and 𝐶𝑂𝑉𝐼𝐷 𝑡 * 1 [𝑝𝑜𝑠𝑡 𝑣𝑎𝑥] expresses the total number of COVID-19 cases or the total number of COVID-19 deaths during the vaccination rollout.

The results are presented in Table 3.11. We notice a positive and significant relationship between crypto-assets returns and 𝐶𝑜𝑣𝑖𝑑 𝑐𝑎𝑠𝑒𝑠 (and 𝐶𝑜𝑣𝑖𝑑 𝑑𝑒𝑎𝑡ℎ𝑠 ) before the beginning of vaccination rollout. But when we take a look to the coefficients of 𝐶𝑜𝑣𝑖𝑑 𝑐𝑎𝑠𝑒𝑠 1 and 𝐶𝑜𝑣𝑖𝑑 𝑑𝑒𝑎𝑡ℎ𝑠 1 respectively the total number of COVID-19 cases and the total number of COVID-19 deaths during the vaccination rollout, the relationships with crypto-assets returns are not significant. We could think about "a reduction of the safe-haven capabilities of crypto-assets" after the beginning of vaccination campaigns. 

Conclusion

Since the start of the COVID-19 pandemic, international financial markets have been experiencing dramatic fluctuations. Governments have therefore deployed significant resources and massive vaccination campaigns against COVID-19 to bring economies out of the current health crisis and to bolster hopes for a global economic recovery in 2021. Against this background, this paper aims to investigate the relationship between COVID-19 cases and crypto-assets returns before and during vaccination period. First, our results confirm the existence of a positive correlation between crypto-assets returns and COVID-19 deaths and cases. Second, we provide evidence of a negative relationship between crypto-assets returns and COVID-19 vaccination. Put differently, we highlight that the increase in people fully vaccinated against COVID-19 is negatively associated with crypto-assets returns (namely Bitcoin and Ethereum). Overall, our results shed new light on the financial implications of COVID-19 , and should help improve the decisions of policy makers and investment professionals. 

Glossary

Address / public key Used to send and receive transactions on a Blockchain network. An address is an alphanumeric character string, which can also be represented as a scannable QR code. In Ethereum, the address begins with 0x. For example: 0x06A85356DCb5b307096726FB86A78c59D38e08ee

Airdrop

A token distribution method used to send crypto-asset or tokens to wallet addresses. Sometimes airdrops are used for marketing purposes in exchange for simple tasks like reshares, referrals, or app downloads.

Altcoin

Any digital currency alternative to Bitcoin. Many altcoins are forks of Bitcoin with minor changes (e.g., Litecoin).

API (Application Programming Interface)

A software intermediary that allows two separate applications to communicate with one another. APIs define methods of communication between various components.

Attestation

Under the Proof of Stake mechanism (on the Beacon Chain), every validator other than the one proposing a new block will provide an attestation, or vote, in favor of a block with which it agrees, hereby forming consensus and confirming the block and the transactions it contains.

Beacon Chain

The Beacon Chain is built to scale Ethereum, and is the foundation for a transition from a Proof of Work (PoW) consensus mechanism to Proof of Stake (PoS).

Block

Blockchain is a constantly updated ledger whose changes are synchronized across any number of different nodes (distributed ledger technology). After a certain number of transactions are added to the ledger and there is consensus among nodes that the transaction is valid, they are cryptographically locked in a "block" and officially recorded. This "block" forms the basis for the next; in this way, they are all connected in one chain, hence-Blockchain.

Block height

The number of blocks connected together in the Blockchain. For example, Height 0 would be the very first block, which is also called the Genesis Block.

Block reward

The reward miners receive after successfully hashing blocks of transactions. Block rewards can be a mix of coins and transaction fees. The composition depends on the strategy used by each

Digital signature

A code generated by public key encryption and attached to an electronically transmitted document in order to verify the contents of the document.

Distributed Denial of Service (DDoS) Attack

A type of cyber-attack in which the perpetrator continuously overwhelms the system with requests in order to prevent service of legitimate requests.

Distributed ledger

A type of database which spreads across multiple sites, countries, or institutions. Records are stored sequentially in a continuous ledger. Distributed ledger data can be either "permissioned" or "permissioned-less" to control who can view it.

double spend

An event during which someone on a Crypto-asset network tries to send a specific Cryptoasset transaction to two different recipients at once. However, as each transaction is confirmed, double spending becomes almost impossible. The more confirmations that a particular transaction has, the decreased likelihood of double spending successfully.

Encrypted vs unencrypted keys

As discussed elsewhere, public and private crypographic key pairs are one of the technologies that underpins Crypto-assets and "crypto" tech in general. In MetaMask, an unencrypted private key is 64 characters long, and it is used to unlock or restore wallets. An encrypted key is also 64 letters long and is a regular private key that has gone through the process of encryption.

Encryption

There are many types of encryption, but for our purposes, it is a process that combines the text to be encrypted (plaintext) with a shorter string of data referred to as "a key" in order to produce an output (ciphertext). This output can be "decrypted" back into the original plaintext by someone else who has the key.

ERC-20 Token Standard

ERC is the abbreviation for Ethereum Request for Comment and is followed by the assignment number of the standard. ERC-20 is a technical standard for smart contracts which is used to issue the majority of tokens (in particular, Crypto-asset tokens) extant on Ethereum. This list of rules states the requirements that a token must fulfill to be compliant and function within the Ethereum network.

ERC-721 Token Standard

As stated above, this is another standard for Ethereum smart contracts, which allows for the issuance of a non-fungible token, also known as an NFT. This token standard is used to represent a unique digital asset that is not interchangeable.

Ethereum

A public Blockchain network and decentralized software platform upon which developers build and run applications. As it is a proper noun, it should always be capitalized.

Exchange

A place to trade Crypto-asset. Centralized exchanges, operated by companies like Coinbase and Binance, function as intermediaries, while decentralized exchanges do not have a central authority (i.e. Metamask).

Final, finality

A transaction is considered "final" once it can no longer be changed. In a sense, this happens once there are sufficient confirmations of the transaction, but for all intents and purposes, a transaction is final once the block that contains it is mined or validated. Keep in mind that this reflects a fundamental rule of Blockchains: unlike traditional financial systems where charges can be "reversed", there is no "undoing" a transaction on the Blockchain. Once finality is reached, the transaction is immutable.

Fork

A fork creates an alternative version of a Blockchain, and are often enacted intentionally to apply upgrades to a network. Soft Forks render two chains with some compatibility, while Hard Forks create a new version of the chain that must be adopted to continue participation. In the instance of a contentious Hard Fork, this can create two versions of a Blockchain network.

Gas

A measure of the computational steps required for a transaction on the Ethereum network. This then equates to a fee for network users paid in small units of ETH specified as Gwei.

Gas limit

The gas limit is the maximum amount you're willing to pay for any given transaction to go through the Ethereum network. Another way of looking at it is as a "rough estimate" of how much computing power your transaction will take.

Gas price

The gas price is the cost the network is paid for the computational work being performed in a given transaction. It is paid in units of ETH called Gwei. Depending on network congestion, the gas price may vary significantly.

Genesis block

The initial block of data computed in the history of a Blockchain network.

Gwei

A minuscule and common denomination of ETH, and the unit in which gas prices are often specified.

MetaMask

MetaMask, either in its mobile app form on iOS and Android, or in its browser extension form, is a tool to access and interact with Blockchains and the decentralized web. Its functions include that of a wallet, a dapp permissions manager, and token swap platform.

Mining

The process by which blocks or transactions are verified and added to a Blockchain using a Proof of Work (PoW) consensus mechanism. In order to verify a block a miner must use a computer to solve a cryptographic problem. Once the computer has solved the problem, the block is considered "mined" or verified. In the Bitcoin or Ethereum PoW Blockchains, the first computer to mine or verify the block receives Bitcoin or ether as a reward.

Multi Signature (MultiSig)

A Crypto-asset wallet that requires multiple keys to access. Typically, a specified number of individuals are required to approve or "sign" a transaction before they are able to access the wallet. This is different from most wallets which only require one signature to approve a transaction.

Node (full node)

Any computer connected to the Blockchain network is referred to as a node. A full node is a computer that can fully validate transactions and download the entire data of a specific Blockchain. In contrast, a "lightweight" or "light" node does not download all pieces of a Blockchain's data and uses a different validation process.

NFT

"Fungibility" refers to an object's ability to be exchanged for another. For example, an individual euro is considered fungible as we can trade euros with one another. A non-fungible token (NFT) is a type of token that is a unique digital asset and has no equal token. This is in contrast to Crypto-assets like ether that are fungible in nature.

Oracle

An oracle is any entity or person that is relied on to report the outcome of an event. In a Blockchain network an oracle (human or machine) helps communicate data to a smart contract which can then be used to verify an event or specific outcome.

P2P (Peer-to-peer)

P2P refers to interactions that happen between two parties, usually two separate individuals. A P2P network can be any number of individuals. In regards to a Blockchain network, individuals are able to transact or interact with each other without relying on an intermediary or single point of failure.

Permissioned ledger

A Blockchain network in which access to ledger or network requires permission from an individual or group of individuals, as opposed to a public Blockchain. Permissioned ledgers may have one or many owners. Consensus on a permissioned ledger is conducted by the trusted actors, such as government departments, banks, or other known entities. A permissioned ledger is much easier to maintain and considerably faster than a public Blockchain.

PoS/PoW Hybrid

A hybrid consensus model that utilizes a combination of Proof of Stake (PoS) and Proof of Work (PoW) consensus. Using this Hybrid consensus mechanism, blocks are validated from not only miners, but also voters (stakeholders) to form a balanced network governance.

Private Blockchain

A Blockchain or distributed ledger that has a closed network where participants are controlled by a single entity. A private Blockchain requires a verification process for new participants. A private Blockchain may also limit which individuals are able to participate in consensus of the Blockchain network.

Private key

A private key is an alphanumeric string of data that, in MetaMask, corresponds to a single specific account in a wallet. Private keys can be thought of as a password that enables an individual to access their crypto account.

Proof of Authority (PoA)

A consensus mechanism used in private Blockchains, granting a single private key the authority to generate all of the blocks or validate transactions.

Proof of Stake (PoS)

A consensus mechanism in which an individual or "validator" validates transactions or blocks.

Validators "stake" their Crypto-asset, such as ether, on whichever transactions they choose to validate. If the individual validates a block (group of transactions) correctly then the individual receives a reward. If a validator verifies an incorrect transaction then they lose the Crypto-asset that they staked. PoS requires a negligible amount of computing power compared to Proof of Work consensus.

Proof of Work (PoW)

A consensus mechanism in which each block is 'mined' by a group of individuals or nodes on the network. Hashing a block, which is in itself an easy computational process, under PoW requires each miner to solve for a set, difficult variable. In effect, the process of hashing each block becomes a competition. This addition of solving for a target increases the difficulty of successfully hashing each block. For each hashed block, the overall process of hashing will have taken some time and computational effort. Thus, a hashed block is considered Proof of Work, and the miner that successfully hashes the block first receives a reward, in the form of Crypto-asset. PoW is singificantly more energy-intensive than other consensus mechanisms, such as Proof of Stake.

Protocol

A set of rules that dictate how data is exchanged and transmitted. This pertains to Cryptoasset in Blockchain when referring to the formal rules that outline how these actions are performed across a specific network.

Smart contracts

Smart contracts are programs whose terms are recorded in computer code. While they often contain agreements or sets of actions between parties that emulate a traditional legal contract, they are not, in and of themselves, legal documents. Smart contracts are automated actions that can be coded and executed once a set of conditions is met.

Soft fork

A change to the software protocol where only previously valid blocks/transactions are made invalid. Since old nodes will recognize the new blocks as valid, a soft fork is backwardcompatible. However, this can result in a potential divide in the Blockchain, as the old software generates blocks that read as invalid according to the new rules.

Stablecoin

Any Crypto-asset pegged to a stable asset, like fiat currency or Gold. It theoretically remains stable in price as it is measured against a known amount of an asset less subject to fluctuation. Always spelled as one word.

Staking

In the Ethereum context, "staking" of tokens or currency carries the traditional meaning of "setting aside currency for a determined purpose"; however, staking can happen in a variety of venues with different effects. For example, on decentralized exchanges (DEXes), there is no centralized authority or bank putting up the funds to allow transfers to happen between parties; rather, the parties amongst themselves have to establish liquidity pools in order to facilitate swaps. In this context, someone might stake tokens into a liquidity pool, often for a promised rate of return in exchange for the use of their tokens, with the option to withdraw their tokens later.

Transaction block

A collection of transactions on a Blockchain network, gathered into a set or a block that can then be hashed and added to the Blockchain.

Transaction fee

A small fee imposed on some transactions sent across a Blockchain network. The transaction fee is awarded to the miner that successfully hashes the block containing the relevant transaction.

Trustless

Since everyone has a copy of the ledger of all transactions ever executed, there is no need for a third-party repository of "truth" in whom trust resides. We don't rely on some centralized server somewhere that could be hacked or changed arbitrarily; anyone can verify the transactions themselves. In a way, the rules and assurances built into the Blockchain provide the basis for greater trust, because the system works the same for everyone.

Validator

A participant in Proof of Stake (PoS) consensus. On the Beacon Chain, validators need to stake 32 ETH, that is to submit a sort of security deposit, in order to get included in the validator set.
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  ). The coefficient about COVID-19 crisis is positive and significant for all the indices (except FTSE-100 and FTSE MIB). Even if Gold showed in Figure3.16 characteristics of a safe-haven asset for some indices, such as CAC 40, BIST-100 and FTSE MIB, its reaction is much too brief to be considered significant by the OLS model.These results are in line with[START_REF] Akhtaruzzaman | Is gold a hedge or a safe-haven asset in the COVID-19 crisis?[END_REF] who use a DCC-GARCH to exhibit that Gold was not a safe-haven during the period from March 17 𝑡ℎ to April 24 𝑡ℎ 2020 as the correlations between Gold and the selected assets (S&P 500, EUROSTOXX 50, NIKKEI 225 etc.) were positive.
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Table 1 . 1: Descriptive statistics

 1 

Table 1 .2: Augmented-Dickey Fuller results

 1 

Table 1 .3: Johansen Cointegration test

 1 

	Hypothesized	Eigenvalue	Trace	Critical Value Probability**
	No. of CE (S)		Statistic		
	None *	0.283	1172.703	159.529	0.0001
	At most 1 *	0.196	664.408	125.615	0.0001
	At most 2 *	0.118	330.174	95.753	0.0000
	At most 3 *	0.058	137.904	69.818	0.0000
	At most 4	0.017	46.735	47.856	0.0635
	At most 5	0.008	19.411	29.797	0.4637
	At most 6	0.0043	7.291	15.494	0.5440
	At most 7	0.0005	0.706	3.841	0.4005
	Dependent	tau-statistic Probability* z-statistic	Probability*
	BTCV	-9.68	0.0000	335.31	0.0000
	DIFFICULTY -4.97	0.0524	63.91	0.0042
	DJI	-6.33	0.7628	-93.73	0.1095
	ETHERV	-5.63	0.0073	90.71	0.0000
	FFR	-5.79	0.9512	-72.30	0.7298
	GOLD	-4.06	0.0000	-382.16	0.9701
	GOOGLE	-4.29	0.2306	53.63	0.0219
	OIL	-4.12	0.4346	-39.11	0.2608
	TETHV	-8.09	0.0000	150.006	0.0000
	XRPV	-6.62	0.0001	193.46	0.0000

Note : Trace test indicates 4 cointegrating equations at the 0.05 level. * denotes rejection of the null hypothesis of no cointegrating equation at the 0.05 level, **MacKinnon-Haug-Michelis (1999) p-values.

Table 1.4: Phillips-Ouliaris cointegration test Note: The null hypothesis is the series are not cointegrated to BTCPRICE. *MacKinnon (1996) p-values.

Table 1 .6: Long-run results

 1 

	Variable	Coefficient Std. Error t-Statistic Prob.
	BTCV	6.55E-07	3.02E-08	21.72	0.0000
	DIFFICULTY 4.49E-10	6.26E-11	7.17	0.0000
	ETHERV	-1.51E-07 5.99E-08	-2.52	0.0118
	GOOGLE	4.52E-13	2.6E-14	17.3	0.0000
	TETHV	-3.06E-07 8.30E-08	-3.69	0.0002
	XRPV	-9.88E-08 5.04E-08	-1.96	0.0501
	C	-648.47	62.72	-10.33	0.0000
		C 8.28	8.86	0.94	0.3499
	D(BTCPRICE)(-1) -0.004	0.03	-0.13	0.8999
	D(BTCV)(-1) 1.05E-07	1.50E-08 7.01	0.0000
	D(DIFFICULTY)(-1) -4.27E-10 2.54E-10 -1.68	0.0927
	D(TETHV)(-1) -2.35E-07 3.83E-08 -6.13	0.0000
	D(ETHERV)(-1) -2.97E-08 2.99E-08 -0.99	0.3218
	D(GOOGLE)(-1) 10.15E-04 2.73E-06 3.71	0.0003
	D(XRPV)(-1) -1.46E-07 2.07E-08 -7.08	0.0000

Note: BTCPRICE is the dependent variable.

Table 1.7: Short-run results

Variable Coefficient Std. Error t-Statistic Prob.

Note: BTCPRICE is the dependent variable

Table 1 .8: Descriptive statistics

 1 

Table 1 .9: Augmented-Dickey Fuller results

 1 

	Dependent	Probability*	Conclusion
	BTCPRICE	0.5350	Non stationary
	BTCV	0.0723	Stationary
	DIFFICULTY	0.1718	Non stationary
	DJI	0.5481	Non stationary
	ETHERV	0.0349	Stationary
	FFR	0.6918	Non stationary
	FSI	0.0139	Stationary
	GOLD	0.5591	Non stationary
	GOOGLE	0.0012	Stationary
	OIL	0.6805	Non stationary
	SSE	0.0710	Stationary
	TETHV	0.0214	Stationary
	XRPV	0.0862	Stationary

Table 1 .10: Johansen Cointegration test

 1 Trace test indicates 1 cointegrating equation at the 0.05 level. * denotes rejection of the null hypothesis of no cointegrating equation at the 0.05 level, **MacKinnon-Haug-Michelis (1999) p-values.

	Hypothesized No.	Eigenvalue	Trace Statistic	Critical Value	Probability**
	of CE (S)				
	None *	0.007	32.867	29.797	0. 0215
	At most 1	0.024	34.597	9.819	0. 1503
	At most 2	0.0005	1.164	3.841	0.2805

Note :

Table 1 .11: Phillips-Ouliaris cointegration test

 1 

	Dependent	tau-statistic	Probability*	z-statistic	Probability*
	DIFFICULTY	-4.69	0.0523	-42.81	0.0524
	DJI	-5.63	0.0026	-62.12	0.0023
	FFR	-4.42	0.1012	-36.94	0.1177
	GOLD	-5.02	0.0212	-48.38	0.0226
	OIL	-5.24	0.0104	-53.35	0.0101

Note: The null hypothesis is the series are not cointegrated. *MacKinnon (1996) p-values

Table 1 .13: Long-run results

 1 

				08***	
			FSI -14.69		
		GOOGLE 26.75***	
			SSE -0.03		
		TETHV 2.57E-09	
			TFFR -266.7154	
	Variable	Coefficient Std. Error t-Statistic Prob.
	DIFFICULTY	3.87E-10	8.09E-11	4.78	0.0000
	DJI	1.71	0.145	11.76	0.0000
	GOLD	4.73	2.07	2.28	0.0227
	OIL	71.35	28.79	2.47	0.0133
	C	-44.81	15.98	-2.80	0.0000
	Note: BTCPRICE is the dependent variable	

Note: Dependent variable: D(BTCPRICE). *** significant at 1% level, ** significant at 5% level, * significant at 10% level

Table 1 .14: Short-run results

 1 

	Variable Coefficient Std. Error t-Statistic Prob.
	D(BTCPRICE)(-1) 0.99	0.41	2.41	0.0159
	D(DIFFICULTY)(-1) 2.94E-09	1.58E-09	1.86	0.0630
	D(DJI)(-1) 1.62	1.62	0.99	0.3189
	D(GOLD)(-1) -11.28	29.78	-0.38	0.7048
	DOIL(-1) 96.37	243.05	0.39	0.6918
	C 158.64	327.38	0.48	0.0000

Note: BTCPRICE is the dependent variable

Table 2 .1 : Descriptive statistics (Part 1) Table 2.2 : Descriptive statistics (Part 2)

 2 

Table 2 .3: Augmented-Dickey Fuller results

 2 

	VARIABLES	T-STATISTIC	CONCLUSION
	BITCOIN	-18.457***	Stationary
	ETHEREUM	-18.421***	Stationary
	LITECOIN	-17.520***	Stationary
	RIPPLE	-17.243***	Stationary
	GOLD	-13.263***	Stationary
	GSCI	-13.879***	Stationary
	T BONDS	-8.208**	Stationary
	EGX30	-12.868***	Stationary
	FTSE-SA	-12.647***	Stationary
	GSE-CI	-12.569***	Stationary
	MASI	-11.239***	Stationary
	NASI	-9.308***	Stationary
	NGSEINDEX	-10.328***	Stationary
	TUNINDEX	-10.369***	Stationary

Table 3 .1 : Descriptive statistics (Part 1)

 3 

	Bitcoin	Cardano	Ethereum	Litecoin	Ripple	Gold
	(BTC)	(ADA)	(ETH)	(LTC)	(XRP)	
	Mean 0.086	0.506	0.326	-0.102	0.002	0.130
	Median 0.060	0.438	0.392	-0.038	0.202	0.085
	Maximum 16.585	18.354	17.388	19.117	14.255	6.789
	Minimum -45.559	-50.337	-54.702	-44.638	-39.314	-5.401
	Std. Dev. 4.831	6.581	6.115	5.405	4.686	1.255
	Skewness -4.288	-2.184	-3.822	-2.980	-3.162	0.223
	Kurtosis 46.073	21.79353	38.3196	28.309	29.682	8.697
	Jarque-Bera 14627.37 2823.120	9903.190	5126.879	5702.241	247.632
	Probability 0.00	0.00	0.00	0.00	0.00	0.00
	Observations 182	182	182	182	182	182

Table 3 .2: Descriptive statistics (Part 2)

 3 

Table 3 .3: Pandemic start date

 3 

	COUNTRY	FIRST CONFIRMED CASE
	EGYPT	14/02/2020
	GHANA	12/03/2020
	KENYA	13/03/2020
	MOROCCO	02/03/2020
	NIGERIA	27/02/2020
	SOUTH AFRICA	05/03/2020
	TUNISIA	02/03/2020
	3.3.1 African Indices	

Table 3 .4 : Descriptive statistics (Part 1) Table 3.5 : Descriptive statistics (Part 2)

 3 

Table 3 .6: Augmented-Dickey Fuller results

 3 The null hypothesis is the variable has a unit root (are not stationary). *** denotes rejection of the null hypothesis at the 0.01 level. All the results are confirmed by the Phillips-Perron test.

	VARIABLES	T-STATISTIC	CONCLUSION
	BITCOIN	-10.909***	Stationary
	CARDANO	-16.673***	Stationary
	DOGECOIN	-13.989***	Stationary
	ETHEREUM	-5.396***	Stationary
	LITECOIN	-16.395***	Stationary
	RIPPLE	-5.760***	Stationary
	TETHER	-16.614***	Stationary
	GOLD	-8.705***	Stationary
	BEL-20	-7.678***	Stationary
	BIST-100	-10.228***	Stationary
	CAC 40	-8.621***	Stationary
	DAX-30	-9.668***	Stationary
	EUROSTOXX	-5.067***	Stationary
	FTSE-100	-8.684***	Stationary
	FTSE MIB	-10.362***	Stationary
	IBEX-35	-9.142***	Stationary
	IMOEX	-10.029***	Stationary
	OMXS30	-10.185***	Stationary
	PSI 20	-9.277***	Stationary
	Note:		

Table 3 .7: ARCH-LM test and Heteroskedasticity test

 3 For the ARCH LM test, null hypothesis is the absence of volatility clustering. The heteroskedasticity test is a Breusch-Pagan Godfrey test with a null hypothesis of homoscedasticity. *** significant at 1% level, ** significant at 5% level, * significant at 10% level.

	VARIABLES	ARCH-LM	HETEROSKEASTICITY TEST
	BITCOIN	4.371***	66.467***
	CARDANO	9.2***	3.358**
	DOGECOIN	0.296**	2.547***
	ETHEREUM	8.443***	21.479***
	LITECOIN	7.181***	6.408***
	RIPPLE	8.402***	5.862***
	TETHER	9.387***	5.307***
	GOLD	6.292***	2.213**
	Note: :		

Table 3 .8: OLS regression results

 3 Note: Regression (OLS with Prais-Winstern robust estimator) results analyzing Crypto-assets and Gold as safe-havens based on Equations 7 and 8. and 𝐶𝑜𝑣𝑖𝑑 * 𝑆𝑡𝑜𝑐𝑘 𝑡 is a dummy variable that equals one if day-t is on the pandemic announcement date(March 11, 2020) or the subsequent days (14 days). days. If the Crypto-asset (or Gold) serves as a safe-haven, then the coefficient is expected to be negative and significant. *** significant at 1% level, ** significant at 5% level, * significant at 10% level.

		BITCOIN	CARDANO	DOGECOIN	ETHEREUM	LITECOIN	RIPPLE	TETHER	GOLD
	COVID*BEL-20	1.16*	0.65	-0.16	0.94*	0.66*	0.47	0.02	0.27***
	COVID*BIST-100	1.82**	0.46	-0.38	1.42**	0.99*	1.01**	0.02	0.34**
	COVID*CAC 40	0.32	0.53	-0.07	0.14	0.04	-0.21	0.01	0.2***
	COVID*DAX-30	0.58**	0.1	-0.18	0.56	0.46	0.23	0.04	0.28***
	COVID*EUROSTOXX	1.30**	0.0008	-0.59**	0.37	0.23	0.22	0.03	0.15**
	COVID*FTSE-100	1.11*	-0.039	-0.65**	0.29	0.16	0.26	-0.02	-0.004
	COVID*FTSE MIB	-0.43	-0.33	0.07	-0.44	-0.4	-0.61	0.005	-0.12
	COVID*IBEX-35	1.01**	0.22	-0.29	0.93**	0.71*	0.45	-0.008	0.3**
	COVID*IMOEX	1.21*	-0.17*	0.03	0.12**	-0.07	0.08*	0.016	0.01**
	COVID*OMXS30	0.8*	0.2	-0.16***	0.76	0.62	0.44	0.02	0.28***
	COVID* PSI 20	0.98	0.4	-0.48	0.57	0.35	0.19	-0.02	0.48***
	BEL-20	0.15	0.84*	0.16	0.05	0.15	0.23	-0.01	-0.06
	BIST-100	0.11	0.1	0.01	0.23	0.36*	0.27*	-0.03	-0.08
	CAC 40	0.07	0.18	0.2*	0.07	0.09	0.16	0.07**	0.06
	DAX-30	0.18	0.19	0.07	0.15	0.15	0.23	-0.002	-0.04
	EUROSTOXX	0.6***	0.61	0.15	0.83**	0.76***	0.71	-0.002	-0.02
	FTSE-100	0.48***	0.53*	0.18	0.71***	0.65***	0.56***	0.01	0.04
	FTSE MIB	-0.13	0.27	0.17	0.1	0.11	0.18	0.006	-0.03
	IBEX-35	0.06	0.17	0.1	0.08	0.15	0.24	0.02	-0.004
	IMOEX	0.41***	0.38	0.07	1.20***	0.98***	0.88***	0.03	0.06*
	OMXS30	0.12	0.17	-0.01	0.07	0.1	0.15	-0.01	-0.04
	PSI 20	0.77	0.26	0.24**	0.25	0.31	0.36*	-0.03	-0.14
	BEL-20 (-1)	0.23	0.19	-0.1	0.39	0.23	0.23	0.01	0.05
	BIST-100 (-1)	-0.053	0.09	-0.06	0.1*	0.03	0.04	0.001	-0.001
	CAC 40( -1)	0.51	0.38	-0.1	0.48	0.38	0.34	-0.05*	-0.02
	DAX-30 (-1)	0.23	0.34	-0.07	0.23	0.16	0.13	-0.02	0.01
	EUROSTOXX (-1)	-0.49**	0.08	0.19	-0.01	-0.11	-0.08	-0.06	0.04
	FTSE-100 (-1)	-0.28*	0.22	0.25**	0.09	0.005	0.03	-0.05	0.05*
	FTSE MIB (-1)	0.66**	0.6	0.03	0.13*	0.16	0.08	0.01	-0.005
	IBEX-35 (-1)	0.37	0.51	-0.01	0.3	0.17	0.12	-0.02	-0.003
	IMOEX (-1)	-0.18	0.04**	-0.06	-0.02	-0.03	-0.11	-0.01*	0.03
	OMXS30 (-1)	0.41	0.58	0.017	0.28	0.2	0.18	-0.002	0.01
	PSI 20 (-1)	0.5	0.67	-0.02	0.36	0.27	0.19	-0.04	0.01

Table 3 .9 Descriptive statistics

 3 

		BITCOIN	ETHEREUM	COVID CASES	COVID	VACCINATION
					DEATHS	
	Mean	23365.07	941.28	63109567	1508626.	2.16E+08
	Median	11863.92	397.98	39181543	1153121.	1.30E+08
	Maximum	63576.68	4174.63	1.87E+08	4030213.	7.30E+08
	Minimum	5032.501	110.41	557.00	17.00	5656.00
	Std. Dev.	17728.04	942.68	61148567	1261502.	2.20E+08
	Skewness	0.84	1.18	0.62	0.51	0.76
	Kurtosis	2.21	3.41	1.96	1.95	2.27
	Jarque-Bera	77.52	129.64	58.36	48.25	24.82
	Probability	0.00	0.00	0.00	0.00	0.00
	Observations	536	536	536	536	209

Table 3 .10: Correlation matrix

 3 

		Bitcoin	Ethereum Covid	Covid	Vaccination
				Cases	Deaths	
	Bitcoin	1	0.508	0.2	0.23	-0.054
	Ethereum	0.508	1	0.79	0.78	-0.02
	Covid	0.2	0.79	1	0.99	0.95
	Cases					
	Covid	0.23	0.78	0.99	1	0.94
	Deaths					
	Vaccination -0.054	-0.02	0.95	0.94	1

Table 3 .11: Robustness test

 3 : This table displays the results of the structural break regression based on equation 1. 𝐶𝑜𝑖𝑛 𝑡 is the crypto-asset log return at day-t, 𝐶𝑜𝑣𝑖𝑑 𝑐𝑎𝑠𝑒𝑠 𝑡 and 𝐶𝑜𝑣𝑖𝑑 𝑐𝑎𝑠𝑒𝑠 𝑡 respectively express the total number of COVID-19 cases the total number of COVID-19 deaths before the vaccination rollout. 𝐶𝑜𝑣𝑖𝑑 𝑐𝑎𝑠𝑒𝑠 𝑡 * 1 [𝑝𝑜𝑠𝑡 𝑣𝑎𝑥] and 𝐶𝑜𝑣𝑖𝑑 𝑑𝑒𝑎𝑡ℎ𝑠 𝑡 * 1 [𝑝𝑜𝑠𝑡 𝑣𝑎𝑥] express respectively the total number of COVID-19 cases and the total number of COVID-19 deaths during the vaccination rollout. *** significant at 1% level, ** significant at 5% level, * significant at 10% level.

	Variables	Bitcoin	Ethereum
	𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡	-0.015	0.25
	𝐶𝑜𝑖𝑛 𝑡-1	-0.14***	-0.14***
	𝐶𝑜𝑣𝑖𝑑 𝑐𝑎𝑠𝑒𝑠 𝑡	0.025**	0.36**
	𝐶𝑜𝑣𝑖𝑑 𝑑𝑒𝑎𝑡ℎ𝑠 𝑡	0.021*	0.32*
	𝐶𝑜𝑣𝑖𝑑 𝑐𝑎𝑠𝑒𝑠 t * 1 [𝑝𝑜𝑠𝑡 𝑣𝑎𝑥] 2.15	1.63
	𝐶𝑜𝑣𝑖𝑑 𝑑𝑒𝑎𝑡ℎ𝑠 𝑡 * 1 [𝑝𝑜𝑠𝑡 𝑣𝑎𝑥] -0.257	-0.79
	𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑅 2	0.022	0.021

Note

Table 1 : Traditional process vs. Blockchain process Source

 1 

:

IFC (2019) 

Table 2 : Comission rates for digital platforms

 2 

Source

: Blockchain France (2016) 

Table 3 : Compound Market Overview in February 2022

 3 

	Source : Compound

Table 4 : CBDC Design for each purpose

 4 

Source: Fernández de

[START_REF] Fernàndez De Lis | Central Bank digital currencies: Features, options, pros and cons[END_REF] 

Table 6 : Percentage of internet users who own Crypto-assets: October 2021 vs. December 2021

 6 

Source: Finder (2021) 

Table 7 : The 2021 Global Crypto Adoption Index Top 20

 7 

Source :

[START_REF] Chainalysis | The 2021 Geography of Cryptocurrency Report: Analysis of Geographic Trends in Cryptocurrency Adoption and Usage[END_REF] 

Table 8 : GSCI Component Weights

 8 

	Source: S&P Dow Jones Indices

Figure 27 : Crypto-assets, Gold, S&P GSCI and T-Bonds rates values in level
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COVID-19 and African indices

  

"Bitcoin blockchain was designed specifically for currencies, while Ethereum makes it possible to create all types of applications" Vitalik Buterin (Blockchain France,

2016).2 See Appendix page to see the development of borrowing, lending and Total Value Lock on DeFi.3 Zetzsche et al. (2021) 

See Appendix Figure 11 and Figure 14.

See Appendix, Table5.

It is necessary to avoid to be regulated by the Authority of Financial Markets (AMF) and provide the guarantees required of a company making a traditional IPO.

"Nevertheless, some white papers find it difficult to explain why they are using blockchain technology, to give a clear chronology of the stages of the project or financial elements, or to explain the role of the company behind the ICO in animating the network once the operation is over". Le[START_REF] Le Moign | ICO françaises: Un nouveau mode de financement ?[END_REF] 

Also called e-money or crypto-money.

For more details, see: https://coinmarketcap.com/fr/

"A purely peer-to-peer version of electronic cash would allow online payments to be sent directly from one party to another without going through a financial institution"(Nakamoto, 2008, p. 1).

The same is true for Gold price. A positive and significant relationship between Bitcoin price and Gold price would mean that Bitcoin is a safe-haven asset(Bouoiyour and Selmi, 2019 and Dyhrberg, 2016).

"Bitcoin is a speculative vehicle"[START_REF] De La Horra | The drivers of Bitcoin demand: A short and long-run analysis[END_REF] 

"A Proof-of-Work system is sort of like a puzzle, requiring the miners to go through a lot of computational work in order to prove that a transaction is legitimate. Once the initial computational work is performed and the puzzle is solved, it is much easier to verify that the answer is the correct answer."Lee (2014), p.32. 

"Investment demand depends on the costs associate with seeking information on potential investment opportunities available in the market"Ciaian et al. (2015), p.17.

Crypto Outlook, Blockchain Partners byKMPG (2022) 

But at this moment there is not a real regulation about crypto-assets in the countries where they are tolerated.

10 year treasury note.

We make a test about the presence of ARCH effects. ARCH test allows the rejection of the null hypothesis of an absence of ARCH effects. We also perform the constant correlation test ofEngle and Sheppard (2001) to verify that using a DCC-GARCH is correct. An example of all these tests is given in the next chapter.

Morocco also ban crypto-assets but, contrary to Tunisia and Egypt, the peer to peer platforms record high volumes of exchanges, making Morocco the leader in the use of cryptos in the Maghreb.

[START_REF] Adewuyi | Analysing the gold-stock nexus using VARMA-BEKK-AGARCH and Quantile regression models: New evidence from South Africa and Nigeria[END_REF] show that gold is a hedge only for NGSEINDEX and not for FTSE-SA.

The African Stock market reacted more to the disease progression than to panic and fear. With a very low rate of COVID-19 illnesses and deaths compared to the rest of the world, African financial markets have therefore reacted less erratically than markets in developed countries (Gaye[START_REF] Del Lo | COVID-19 And the african financial markets: Less infection, less economic impact[END_REF].

We performed the constant correlation test ofEngle and Sheppard (2001), to justify the use of a DCC-GARCH.

Crypto-asset and whether all coins have been successfully mined. The current block reward for the Bitcoin network is 6.25 Bitcoins per block.

Block time

The time it takes for a block of transactions to be confirmed by the network, either by miners under PoW or by validators under PoS.

Bounty / bug bounty

A reward offered for exposing vulnerabilities and issues in computer code.

Coin

A coin, in Crypto-assets, is a representation of digital asset value that is generated via its own independent Blockchain.

Cold wallet / cold storage

An offline wallet that is never connected to the internet. These wallets protect Crypto-assets from getting hacked online.

Confirmation

A confirmation happens when the network has verified the Blockchain transaction. Under a Proof of Work (PoW) consensus mechanism, this happens through a process known as mining; under Proof of Stake (PoS), the process is known as validation. Once a transaction is successfully confirmed it theoretically cannot be reversed or double spent. The more confirmations a transaction has, the harder it becomes to perform a double spend attack.

Consensus

The process used by a group of peers, or nodes, on a Blockchain network to agree on the validity of transactions submitted to the network. Dominant consensus mechanisms are Proof of Work (PoW) and Proof of Stake (PoS).

Crypto-

Although this prefix was originally Greek, its current usage comes from cryptography. The technologies collectively referred to as "crypto" technologies are based on cryptographic tools and processes (such as public/private key pairs) that enable them and keep them secure. Of course, Crypto-asset is often shortened to crypto, so this nascent field is full of instances where some crypto is added or abbreviated.

Crypto-compliance

A blanket term used to refer to ensuring crypto projects conform with applicable regulations and laws.

Cryptoeconomics

The economic analysis of decentralized finance.

Cryptoassets

A that covers on-chain assets: Crypto-assets, NFTs, and other, still emerging products.

Cryptography

A way to securely communicate with code. Various Blockchain networks use symmetric key cryptography to transfer encrypted assets. The Blockchain address generated for the wallet is paired with a private key capable of transferring Crypto-assets. The paired public and private keys allow funds to be unlocked.

DAO

A Digital Decentralized Autonomous Organization (DAO) is a powerful and flexible organizational structure built on a Blockchain. The first known example of a DAO served as a form of investor-directed venture capital fund, which sought to provide enterprises with new decentralized business models. Ethereum-based, The DAO's code was open source. The organization set the record for the most crowdfunded project in 2016. Those funds were partially stolen by hackers. The hack caused an Ethereum hard-fork which lead to the creation of Ethereum Classic.

Decentralization

The transfer of authority and responsibility from a centralized organization, government, or party to a distributed network.

Decentralized application (dapp)

An open source, software application with backend code running on a decentralized peer-topeer network rather than a centralized server. You may see alternate spellings: dApps, DApps, Dapps, and Đapps.

Decentralized exchange (DEX)

A decentralized exchange is a platform for exchanging Crypto-assets based on functionality programmed on the blockchain (i.e., in smart contracts). Transactions take place between peerto-peer or liquidity pools. This is in stark contrast to a centralized exchange, which is more like a bank or investment firm specializing in crypto assets.

Deposit

Digital property put into a contract involving a different party such that if certain conditions are not satisfied that property is automatically forfeited to the identified counterparty.

Difficulty

The concept outlining how hard it is to verify blocks in a Blockchain network during Proof of Work mining. In the Bitcoin network, the difficulty of mining adjusts every 2016 blocks. This is to keep block verification time at ten minutes.

Digital asset

A digital commodity that is scarce, electronically transferable, and intangible with a market value.

Digital identity

An online or networked identity adopted by an individual, organization, or electronic device.

Halving

Many Crypto-assets have a finite supply, which makes them a scarce digital commodity. For example, the total amount of Bitcoin that will ever be issued is 21 million. The number of Bitcoins generated per block is decreased 50% every four years. This is called "halving." The final halving will take place in the year 2140.

Hard fork

A hard fork occurs when there is a change in the Blockchain that is not backward compatible (not compatible with older versions), thus requiring all participants to upgrade to the new version in order to be able to continue participating on the network.

Hardware wallet

A physical device (a flash drive for example) that can be connected to the web and interact with online exchanges, but can also be used as cold storage (not connected to the internet).

Hash

A programmatic function that takes an input, and then outputs an alphanumeric string known as the "hash value" or "digital fingerprint." Each block in the Blockchain contains the hash value that validated the transaction before it followed by its own hash value. Hashes confirm transactions on the Blockchain.

Hexadecimal

Hexadecimal is a base 16, rather than base 10, counting system. Used all over Ethereum for a variety of things, a hexadecimal string is comprised of the numbers 0 1 2 3 4 5 6 7 8 9 and letters A B C D E F.

Hot wallet / hot storage

A wallet that is directly connected to the internet at all times, for example one that is held on a centralized exchange. Hot wallets are considered to have lower security than cold storage systems or hardware wallets.

Hyperledger

Hyperledger is an ecosystem of open-system tools, libraries, and products designed to enable and support enterprise-grade Blockchain technology. In general, the products focus on creating solutions for permissioned Blockchains-that is, non-public Blockchains, with alternative consensus mechanisms other than Proof of Work (PoW) or Proof of Stake (PoS).

Immutability

The inability to be altered or changed. This is a key element of Blockchain networks: once written onto a Blockchain ledger, data cannot be altered.

Internal transaction

An internal transaction on the Ethereum network is one that occurs between smart contracts, rather than between addresses. Notably, they are not included on the Blockchain, and therefore do not incur gas fees, but they are often crucial to carrying out the action in question, and can be viewed on Etherscan.

Public Blockchain

A globally open network where anyone can participate in transactions, execute the consensus protocol to help determine which blocks get added to the chain, and maintain the shared ledger.

Public key

In cryptography, there is a keypair: the public and private key. It is possible to derive a public key from a private key, but impossible to derive a private key from a public key. The public key, therefore, is obtained and used by anyone to encrypt messages before they are sent to a known recipient with a matching private key for decryption. By pairing a public key with a private key, transactions not dependent on trusting involved parties or intermediaries. The public key encrypts a message into an unreadable format and the corresponding private key makes it readable again for the intended party, and the intended party only.

Rug pull

A rug pull is a Crypto-asset or crypto-token based scam in which the creators of the token create hype, through injecting liquidity into their token, airdropping, and other schemes, and once investors pile in and boost the price of the token up to a certain point, the creators liquidate their share of the tokens, leaving their investors with next to nothing.

Scalability

A change in size or scale to handle a network's demands. This word is used to refer to a Blockchain project's ability to handle network traffic, future growth, and capacity in its intended application.

Seed (phrase) / Secret Recovery Phrase

The seed phrase, mnemonic, or Secret Recovery Phrase is a crucial part of public Blockchain technology and refers to a set of ordered words which correspond to determined values. These values never change, and therefore the same string of words in the same order will always produce the same number-this is the underlying functionality that allows seed phrases to back up wallets. The Secret Recovery Phrase should be known only to the owner of the account. If the seed phrase is given to someone else, that person has complete control over the account; they can drain it of tokens and funds, execute transactions with it.

Self-executing

Functioning by itself, not controlled by any other party other than itself. Self-executing smart contracts cut costs/overhead by removing the need for an arbitrator and trust toward a third party.

Sidechain

A sidechain is a separate Blockchain that is Ethereum-compatible. It simply represents a way in which developers can build and enable cheaper transactions for the user (on the sidechain, in sidechain-native tokens or currencies) while maintaining compatibility with the Ethereum network. This often requires routing tokens through a special portal or bridge, as sending tokens from a sidechain to Ethereum mainnet or vice versa would result in token loss.

Wallet

A designated storage location for digital assets (Crypto-asset) that has an address for sending and receiving funds. The wallet can be online, offline, or on a physical device.

Web3 / Web 3.0 Web3, or Web 3.0, are terms used synonymously with "the decentralized web" and are often used to refer, broadly, to the Blockchain and decentralized technology ecosystems as a whole.

51% Attack

If more than half the computer power or mining hash rate on a network is run by a single person or a single group of people, then a 51% attack is in operation. This means that this entity has full control of the network and can negatively affect a Crypto-asset by taking over mining operations, stopping or changing transactions, and double-spending coins.
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The first application of Blockchain is Bitcoin. This asset has contributed enormously to the notoriety of Blockchain, on the one hand because of its strong price variations and on the other hand its usefulness in a financial portfolio. Since the increase of the transactions on Bitcoin network and by extension its price in 2012, determining its fundamentals has become a crucial question. The first chapter therefore analyzes the various determinants of Bitcoin price set out in the existing literature (the number of searches on Google, the difficulty of mining Bitcoin, the prices of gold and oil, the number of Bitcoins in circulation, etc. ) to which are associated the volumes of three crypto-assets which have the particularity of being largely (or totally) owned by their inventors: Tether, Ethereum and Ripple.

Another question raised by the advent of crypto-assets is their usefulness in a financial portfolio. In the second chapter, we analyze the properties of hedging and diversification assets of crypto-assets for some African stock market indices. We compare crypto-assets to other assets traditionally used as safe-havens (gold, US Treasury bonds and commodities).

Finally in the third chapter we test the safe haven qualities of crypto-assets during Covid-19 crisis through the analysis of European and African stock markets and then the establishment of vaccination campaigns.] Keywords : [Blockchain, market finance, pump and dump, crypto assets, safe haven] BSE -Bordeaux Sciences Economique, 16 Avenue Léon Duguit-CS50057-