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Introduction

Last decades economic turbulences, such as the 2008 subprime mortgages
crisis and the 2020 COVID-19 pandemic, have served to expose the mon-
etary and financial system’s vulnerability (Rejeb A. et Al., 2021) [1].

As a reaction to the general market instability, individuals and fund
managers have began to include non-conventional investments in their
portfolios, in order to mitigate the negative effects of classic asset classes
downturns.

At the same time, new technologies have been developed. The blockchain
is one of the most significant and disruptive innovation of them all, as it
allows to collect data through a decentralized and distributed ledger main-
tained by all components of a certain network (Treiblmaier H., 2018) [2].
In this way, no intermediary is required to be in the middle of transactions
and international wires are speed up (Bagao P. et Al, 2018) [3].

The most renowned application of blockchain is linked to cryptocurren-
cies, a type of virtual money introduced in 2008 by Satoshi Nakamoto with
Bitcoin [4] and that is now ramified into many variants with substantial
differences. According to Lerer & McGarrigle (2018), one of the author’s
goals was to react to the financial system’s manner of privatizing profits
and socializing losses (Lerer M. et Al, 2018) [5].

Cryptocurrencies can offer great investment opportunities in a well di-
versified portfolio, as the sector continues to grow despite the high volatil-
ity; indeed, as of February 2022, the total crypto market capitalization is
around $2 trillion!.

However, whether cryptos can qualify or not as an asset class in their
own right still remains a big question, as this aspect could carry important
implications for fund managers, regulators and policy makers. As a result,
the banking sector and financial institutions, such as the ECB, have began
to be more concerned about the topic (Dashkevich et Al., 2020) [6].

The first chapter of this thesis strives to investigate the classification and
the importance of cryptocurrencies in today’s financial system, particularly
from the asset management point of view. We will, in fact, assess if there

"https://coinmarketcap.com/charts/
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is any room for them to be considered as an asset class and which benefits,
and threats, may provide to portfolio settings.

In order to carry out the research, we will firstly introduce the cryp-
tocurrency environment from a technical point of view.

Starting from the original work of Nakamoto (2008) [7], we will report
the current views on cryptocurrencies.

In their simplest form, cryptocurrencies can be considered as digital
assets built to function as a medium of exchange based on cryptographic
technology, with the aim of ensuring the transactional flow as well as to
control the creation of additional monetary units (Chohan W. Usman,
2017) [8].

From the ECB’s point of view, cryptocurrencies are classified as a subset
of virtual currencies, unregulated, issued and controlled by their develop-
ers, used and accepted among the members of a specific virtual community
(ECB, 2012) [9].

Afterwards, the blockchain technology, unanimously defined as a de-
centralized and distributed ledger (Briere M. et Al., 2013) [10], will be
presented and the functioning of crypto transactions will be outlined, ac-
cording to Rejeb et Al. (2021) [1] and Hougan M. et Al. (2021) [4].

In second instance, we will investigate the crypto world starting from
an institutional investment management point of view.

To do that, we will analyze the alternative investment landscape, par-
ticularly focusing on ESG issues, considered to carry superior efficiency
in asset allocation by Abate G. et Al. (2021) [11], and on recent years
cryptoassets’ net inflows.

Moreover, despite the growth of ESG funds has faced difficulties in
entering the mainstream investment strategies, in recent years they began
being accepted as a distinct asset class, as noticed by Boffo R. et Al. (2020)
[12], and they had a strong decade in terms of net inflows, forecasted to
grow in the future as well.

Several updated reports from Fidelity, CoinShares and Grayscale will
also make clear that the rising presence of cryptos on the market cannot
be considered as transitory anymore, although last months net inflows sug-
gest that institutional investors are now monetizing on 2020-2021 extreme
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gains.

At this stage, opportunities and threats of cryptos will be taken into
account. A literature review of the available valuation methods will be
proposed, starting from the total addressable market approach (Hougan
M. et Al, 2021) [4], the equation of exchange (Burniske C. et Al., 2017)
[13], the valuation of crypto as a network (Alabi K., 2017) [14], the cost
of production approach (Hayes A., 2015) [15] and the stock-to-flow model
(PlanB., 2019) [16], concluding with the reliability critics on crypto valu-
ation made by Damodaran (2017) [17].

The chapter will be concluded with a brief empirical analysis of corre-
lations and performances between some of main cryptocurrencies on the
market (Bitcoin, Ethereum, Ripple and Cardano) and the traditional as-
set classes employed in portfolio management (Equity, Bond, Real Estate,
Commodities and Gold).

We will find that cryptocurrencies show some key characteristics of a
distinct asset class (strong internal correlations, low correlations with tra-
ditional assets, acceptable market liquidity and room for market stability
improvements) that could make them suitable to diversify and boost port-
folio performances, despite the legal, technical and volatility issues that
still have to be improved.

Once having accepted cryptos as an asset class, clarified their opportuni-
ties in portfolio management and having understood their critical aspects,
it is important to define the correct investment strategy to adopt.

This research identified quite an extensive literature on specific top-
ics, such as portfolio optimization in general (Markowitz H., 1952 [18],
Sharpe W. F.; 1966 [19] and Mossin J., 1966 [20]), cryptocurrencies from a
broad portfolio management point of view (Boiko V. et Al.; 2021 [21] and
Colombo J. et Al., 2021 [22]), crypto portfolio optimization methodologies
only regarding specific coins (Bakry W. et Al., 2021 [23]) or with slightly
inaccurate constraints (Gambeta et Al., 2020 [24]).

Anyway, there still a lack of reviews specifically focused on the inclusion
of a cryptocurrency index, as crypto ETFs are still not widespreadly avail-
able in the investment management landscape, in a constrained portfolio
optimization environment using both static and dynamic asset allocation
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methodologies, that will be the core research question of the study.

The cryptocurrency index employed in the optimization is the CRIX,
developed by professor Wolfgang Hardle and his team of researchers from
Humboldt University, Berlin, that will be assumed to be a tradable ETF.
The index allows investors to track the cryptocurrency market using a
small number of constituents?, evaluated according to their market capi-
talization and liquidity [25]. The reallocation period is 1 month, which is
the time point where coin liquidity is checked again.

Traditional asset allocation methodologies will be taken into considera-
tion, as well as more sophisticated techniques. We will consider portfolios
coming both from Modern (Markowitz H., 1952 [18], Sharpe W. F., 1966
[19], Mossin J., 1966 [20], Linter J., 1965 [26], Jensen M. et Al., 1972 [27]
and Treynor J. L., 1965 [28]) and Post-Modern Portfolio Theory (Sortino
F. A. et AL, 1994 [29]), based respectively on the maximization of the
Sharpe and Sortino Ratio, and Risk Parity portfolios (Lee W., 2011 [30]),
in their relaxed variants in order to allow the compliance to constraints
(Gambeta et Al., 2020 [24]).

Portfolios will be constructed both including only equity and bonds and
including cryptocurrencies too, in order to determine benefits coming from
them. Moreover, all portfolios will be allocated both in a static way and
considering quarterly rebalancing.

At this stage, they will be evaluated from an ex-post point of view
considering main traditional and risk-adjusted statistics.

So, in the second chapter, we will focus on the empirical analysis from
a methodological point of view, while in the third chapter we will report
results and comments.

This study will suggests that cryptos, due to their exotic nature, un-
wavering appeal, and unknown set of drivers, could act as diversifiers and
they might also have hedge properties, as noticed by Bakry W. et Al
(2021) too [23]. We will also find that carefully adding a basket of cryp-
tocurrencies to traditional portfolios (in the sense that all allocations will
be constrained to a maximum of 10% in crypto), as well as the quarterly

2As of December 2021, CRIX is constituted by Bitcoin, Ethereum, Cardano, Binance Coin, Ripple
and Solana
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rebalancing, leads to consistent and stable risk-adjusted outperformances
with respect to static non-crypto allocations.

Empirical analyses results will support the hypothesis that a careful em-
ployment of cryptos in portfolios could be beneficial from an asset manager
perspective.
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1 Cryptocurrencies as an Asset Class

1.1 Introduction

The blockchain technology is one of the most significant and disruptive
innovation that has been developed in last decades, as it allows to col-
lect data through a decentralized and distributed ledger maintained by all
components of a certain network.

The most renowned application of blockchain is linked to cryptocurren-
cies, a type of virtual money introduced in 2008 by Bitcoin and that is
now ramified into many variants with substantial differences.

In this section, the main elements characterizing the cryptoasset world
will be outlined. Starting from an overview of the crypto environment, we
will take a look at the various definitions of cryptocurrencies, the different
technologies behind them, the functioning of transactions and the main
cryptocoins existing in the market.

Subsequently, cryptocurrencies will be approached as an asset class and
the market trend of cryptos will be analyzed, as well as the alternative
investment management landscape and Decentralized Finance past and
current trends will be taken into account.

Hence, considerations that are central in crypto investment decisions
will be investigated, that is to say the valuation methods, the key char-
acteristics in portfolio settings and the pros and cons of cryptocurrency
investing.

1.2 Overview of the Cryptocurrency Environment

Blockchain and cryptoassets came out onto the the world stage in 2008
when the first cryptocurrency, the Bitcoin, was launched by Satoshi Nakamoto.
Since then, cryptocurrencies have gradually captured the attention of
the whole financial and technological communities, but few people really
understand what crypto is all about. An alternative currency? A revolu-

tionary technology? A big scam?
In this section we will try to outline the main characteristics of cryp-
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tocurrencies and the underlying processes that make them so interesting,
especially from a technological point of view.

1.2.1 What are Cryptocurrencies?

Virtual money has increasingly gained popularity over the last decades
and today’s technologies made an unknown computer programmer under
the pseudonymous of ”Satoshi Nakamoto” be able to create in 2008 the
first popular cryptocurrency, the Bitcoin.

Since then, hundreds of cryptocurrencies have been developed and the
number of people using them has significantly grown. Moreover, the cryp-
toasset market has gone through all the classic phases of a disruptive in-
novation: massive bull markets and crushing pullbacks, euphoric periods
and moments of despair, FOMO (Fear Of Missing Out), and everything in
between [4]. But what is it all about with the term ”cryptocurrency”?

In its simplest form, a cryptocurrency can be considered as a digital
asset built to function as a medium of exchange based on cryptographic
technology, in order to ensure the transactional flow as well as to control
the creation of additional monetary units [8].

From the ECB’s point of view, cryptocurrencies are classified as a subset
of virtual currencies, unregulated, issued and controlled by their develop-
ers, used and accepted among the members of a specific virtual community
[9].

Having said that, the best way to understand the crypto environment
is by starting talking about Bitcoins, as the developments that allowed
Bitcoin to emerge are the foundation of all crypto-based projects.

Satoshi Nakamoto’s vision on Bitcoin was described in his/her white pa-
per published on October 31%, 2008 named ”Bitcoin: A peer-to-peer Elec-
tronic Cash System”, where the author described how individuals could
exchange money and other items of value without any financial interme-
diary in the middle [7].

Shortly after the publication of this white paper, Nakamoto released
Bitcoin’s software and, on January 3¢, 2009 the first token® was mined.

3Crypto tokens represents the fungible and tradable assets that resides in a cryptocurrency blockchain
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To realise why the technology introduced by Nakamoto is considered so
revolutionary, we need to think about a peculiarity of our society, namely
that although most of our lives have migrated online, payments have re-
mained analogue.

This aspect is often forgotten because of the various fintech apps and
online banking platforms that give the perception that everything is now
automated and fast, but the underlying financial system has remained
archaic.

For example, wiring any amount of money or paying bills takes several
days, as transferring anything valuable online is very complicated, to a
greater extent than with emails, messages and photos. So, in order to
allow any item to move the way messages do between two people, without
any intermediary in the middle, it requires a disruptive solution.

1.2.2 The Technology behind Cryptocurrencies

Namokoto’s proposal to solve the above-mentioned problem was to create
a decentralised database that could be accessed by anyone willing to check
balances and to make transactions at any time without any centralised
entity controlling its functioning.

This system, called blockchain, is the basis of most crypto projects and
it is structured to allow peer-to-peer transactions, as illustrated in figure
1 below [4].

The real innovation of the blockchain was to create timely updated and
bad-actor-proof consensus copies of the decentralized ledger, in order to
prevent synchronicity issues and to reflect honest transaction only [10].
Through the blockchain, Nakamoto solved the problem of trust establish-
ment in a distributed system, as now no-one could tamper the documents
without being detected [2].

In other words, the blockchain provides a distributed trust mechanism
where multiple parties keep record of the transactions and every party
can verify that the order and the timestamps of transactions have not

(that will be discussed more in dept in the following section). The biggest difference between cryptocur-
rencies and tokens is that the formers have their own blockchain, while the latters are build on an existing
one
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Value Transfer in the Traditional World Value Transfer in the Crypto World

Centralized & Permissioned Network Decentralized & Permissionless Network

Figure 1: Value transfer in the Crypto world: the figure shows how centralized and
decentralized peer-to-peer networks work with regards to value transfer

been tampered with [31]. It is possible to think about the blockchain
as a three-column register, where the first column holds the transaction’s
timestamp, the second one stores the transaction’s details and the third
one stores a hash? of the current transaction, containing its details plus
the hash of the preceding transaction.

When a new record is added to the register, the most recently computed
hash is transmitted to everyone interested. As everyone knows the last
hash, anyone in the blockchain network can check the validity of the data
and can verify that they have not been modified, as doing that would be
impossible without obtaining a new and hence incorrect hash.

The only method to keep the correct hash and manipulate the data is
to find a data collision, which is computationally impossible and uneco-
nomical.

1.2.3 How Transactions Work

In order to understand how the process of validation and adding blocks
to the blockchain works, the best way is to describe a bitcoin transaction
taking place between 2 counterparties.

4A hash is a function that converts an input into an encrypted output of fixed length. It cannot
be reversely converted into the original input since a hash is a one-way function. Cryptographic hash
functions, the ones that it is possible to find in a blockchain, add security features to a standard hash
function and they are employed to link the blocks of the transactions
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Alice wants to send Bob 2 bitcoins. In order to do that, she sends a
request to all network participants® having a copy of the updated ledger,
signing it with her private key. This key is a unique password that allows
participants to effectively know that the message is coming from her and
each node, using Alice’s public key, verify her by identifying and checking
if she has the sufficient amount of bitcoins to send.

At this stage, the proposed transaction has been placed in a sort of
waiting room together with other requests waiting for confirmation, in
order to make all computers of the network aware of the demands, as they
all possess a copy of the database (figure 2 [4]).

——{
O O->——
-0
Bob
-1
O—>{—{—{
Alice
-1 Q)
O~

Figure 2: Network status after the proposal: the figure shows the copies of the ledger
(in orange) after the transaction has been proposed. As the transaction has not been settled
yet, they have not been updated

Now, miners, special participants of the network, enter the process; they
are computers scattered around the world that aggregate groups of valid
transactions in blocks® and propose them for settlement.

In order to do that, miners reprocess the data of a block through com-
plex mathematical functions, the hashes, and the output of this process
has a fixed length, making anyone unable to tell how long the input was.

Solving the hash starts with the data contained in the block header,
composed by a version number, a timestamp, the hash from the previous
block, the hash of the Merkle root, the nonce and the target hash [32].

5That are the so-called "nodes”
6Which is were the "block” of ”blockchain” comes from

21



Miners focus on the nonce, a string of numbers that is appended to the
hashed content from the previous block and that then it is hashed again.
The new hash has to be less or equal than the target hash and if this
condition is satisfied, then the new block is settled and it is added to the
blockchain’.

The miner (or pool of miners) that finds the solution first is rewarded
with 6.25° newly minted Bitcoins [33] and, occasionally, with transaction
fees that individuals append to incentivize miners to settle their pending
transaction ahead of others. These recompenses push miners to verify
transactions continuously and update the database, despite the fact that
the mining activity requires significant computing power and burns a lot
of energy.

D-0-0-0
D-f-0-0 D-0—0-0
D00~
Bob
I-0-0-8
D000
Alice
I-f-0-0 O
O-0—0-0

Figure 3: Network status after the approval: a miner (in blue) builds a block of
transactions and updates the ledger; at the moment, only this specific miner can see the fully
updated blockchain (in purple).

Once a miner posts its solution to the problem, other participants check
it (figure 3 [4]) and if it is correct, they update their ledger too and Alice’s
transaction is settled (figure 4 [4]).

What would have happened if the miner had proposed an invalid block
or Alice did not have sufficient amount of Bitcoins? Simply, the network

"New Bitcoin blocks are settled roughly every 10 minutes, while blockchains based on other cryp-
tocurrencies may take significantly less time

8This reward used to be significantly higher, as every four years the system halves the reward for
miners. When Bitcoin was launched, the reward was 50 Bitcoins for each block and now is 6.25 after the
latest halving in May 2020
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participants would have rejected the block.

But we have to notice that this kind of situations is very unlikely to
happen, as validating transactions and checking for their validity is trivially
easy, while attempting to settle them is costly. So, the incentive to even
try to defraud the system is minimal and the database has never been
hacked, all without a single centralized entity monitoring it.

D008
D008 O-f-0-8
D->0-0-a
Bob
I-0-0-8
D008
Alice
D001 O
O-O—0-a

Figure 4: Network status after other participants have checked the solution:
finally, the whole network validates and accepts the block.

This mechanism is the so-called ”Consensus Algorithm” and it is de-
fined as a specific (cryptographic) validation method that ensures a correct
sequencing of transactions on the blockchain [34]. The consensus protocol
may follow different criteria and the main ones are:

1. Proof of Work (PoW), the one that is being used by the Bitcoin’s
blockchain and it is based on the mining process described above.

2. Proof of Stake (PoS), where nodes must prove their stake in the cryp-
toasset in order to be allowed to validate a transaction. The greater
the participation, the greater the likelihood that the system will not
be violated. PoS mechanisms are usually applied to cryptocurrencies
that have all of their tokens issued, so the only incentive to validate
a transaction comes from the fees.
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1.2.4 Main Cryptocurrencies

As said, the first blockchain technology was introduced by Bitcoin in 2008
and, later, many others have been developed on its basis, differing however
under many aspects.

Among the main cryptocurrencies that exist today, Ethereum and Rip-
ple have blockchains that make them two of the most interesting to analyze
in the whole crypto landscape.

Paragraph: Ethereum (ETH) Ethereum is a community-run technol-
ogy powering the cryptocurrency, Ether, and thousands of decentralized
applications?. The idea behind its launch, made by Vitaliy Dmitrievié
Buterin in 2015, was to expand the list of Bitcoin’s capabilities. In fact,
BTC’s blockchain was programmed to send, receive and holding Bitcoins
only, while ETH’s blockchain was programmed to do anything a general
computer can do thanks to its smart contracts, giving birth to the so-called
”Decentralized Finance” of DeFi [35].

This translates into making people able to put in place a broad range
of operations, like IPO-style fundraising, collateralized loans or automated
market making softwares that are the basis of fully decentralized exchanges,
increasing Ethereum’s liquidity.

However, this additional flexibility comes at a a cost, because hav-
ing a broader range of functionalities enlarges the attack surface of the
blockchain. In other words, the simpler the software, the more secure the
technology.

This is why Bitcoin is often referred to as the ”digital gold”, because its
simplicity is what makes it secure and appeases people to put large sum
of money into it.

Paragraph: Ripple (XRP) Ripple is a network for real time payments
settlement created in 2012 by Ripple Labs, then OpenCoin, and its native
cryptocurrency is the XRP1. Its blockchain differentiates from Bitcoin’s

9https://ethereum.org/en/
POhttps://www.ripple.com
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one from a complexity and centralization point of view.

As said, Bitcoin is fully decentralized and this aspect prevents any sin-
gle government to disrupt or shut down its blockchain, as it is virtually
maintained all around the world and this makes it a powerful vehicle to
store value or to move large sum of money.

The negative side is that it is too slow for day-to-day use, as any block
takes around 10 minutes to be approved.

XRP was engineered to solve this specific issue, as it possesses a more
centralized system than Bitcoin. In fact, XRP’s blockchain is maintained
just by 36 nodes and Ripple controls 6 of these. The clear advantage is
that its payment system is way faster than other blockchains and it is
capable of processing tons of transactions at a significant pace.

The downside in this case is that XRP is more exposed to seizure,
government oversight and censorship.

As of October 2021, other than Bitcoin, Ethereum and Ripple, the
main cryptocurrencies based on market capitalization are!! Binance Coin
(BNB), Cardano (ADA), Tether (USDT), Solana (SOL), Polkadot (DOT),
USD Coin (USDC) and Dogecoin (DOGE).

1.3 The Evolution of Cryptocurrency and Alterna-
tive Investments Markets

After years of steady but volatile growth, the cryptocurrency market sur-
passed the barrier of $1 trillion of market capitalization in January 2021,
and it is now valued at over $2 trillion as of February 2022. But while
many cryptocurrencies have remained on the market for many years, other
projects have failed to survive in the long run.

According to data from Coinopsy.com'?, a website that tracks dead
cryptocurrencies, the number of dead coins stands at 2,316 as of October
2021. The term dead coin is given to cryptos that don’t exist anymore due
to scams, wallet issues, low liquidity or simply their developers abandoned

Hhttps:/ /www.coinmarketcap.com
2https:/ /www.coinopsy.com/dead-coins/
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them and their number rose when crypto projects began being financed via
ICOs™. Considering the number of existing coins over the years, Figure

54 illustrates the rising trend of cryptocurrencies on the market in the
period 2013-2021.
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Figure 5: Number of cryptocurrencies over the years

Along with the rising number of cryptocurrencies circulating in the
market, the crypto market capitalization has grown as well, as illustrated
by Figure 6.

One important element to underline is that Bitcoin had the ”first mover
advantage”, as it was the first and most popular currency over the years,
but it steadily lost ground as other coins emerged [36].

Indeed, by looking at Figure 71°, it is possible to notice that Bitcoin
went from detain nearly the 100% of market cap in 2013 to less than 50%

13 An "Initial Coin Offering” is the crypto equivalent of ”Initial Public Offering”: it is a crowdfunding
mechanism used by many crypto entrepreneurs in which buyers receive tokens or a stake relative to the
company launching the project

Mhttps: / /www.statista.com /statistics /863917 /number-crypto-coins-tokens/, data from CoinMarket-
Cap

5https://coinmarketcap.com/charts/

16 Ibidem
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Figure 6: Total Cryptocurrencies Market Capitalization

in October 2021.
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Figure 7: Cryptoassets as Percentage of Market Capitalization

These huge price growths in cryptocurrencies have attracted institu-
tional investors’ attention during last years. Especially due to COVID-19
crisis, market conditions have been a catalyst for investors with positions
in classical asset classes only, and many funds have began to adopt digital
assets to offset portfolios’ losses.

According to a survey!” conducted by Fidelity in September 20218, on
a total of 1,100 total institutional investors’ responses, 52% of the surveyed

1"Pool composed by Financial Advisors, High-Net-Worth Investors, Family Offices, Pension Funds,
Hedge Funds, Venture Capital Funds and Endowments & Foundations

¥Neureuter J., “The Institutional Investor Digital Assets Study”, 2021. Available at
https://www.fidelitydigitalassets.com/bin-public/060_www_fidelity_com/documents/FDAS/2021-
digital-asset-study.pdf
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pool has an investment in digital assets, with adoption rates rising each
year. Moreover, European and Asian investors showed higher interest in
cryptos than Americans, even if the familiarity in them is significantly
growing.

An important element to highlight is that institutional investors often
prefer buying digital assets in the investment product form over direct
purchase. Figure 8! shows current adoption rates divided by investor
category in the US.

Total 33% 67%
High-net-worth Investors 15% 85%
Financial Advisors 43% 57%

Family Offices 47% 53%
Pensions & Endowments A 97%

Crypto HF/VC 100%
Traditional Hedge Funds 13% 87%
Endowment/Foundation 13% 88%

Figure 8: Current Adoption Rates and Channels to Exposure

As expected, native crypto hedge funds and venture capital have the
highest rates, followed by family offices, financial advisors and high-net-
worth individuals.

Nonetheless, the positive perception of digital assets has grown (figure
929, as the US market increased confidence in cryptos by 11% since 2019.

29% 33% 38%
Ly 2021
24% 34% 42%
Ly 2020
18% 25% 57%

2019

Figure 9: Perception of Digital Assets by Institutional Investors

The crypto features most sought for by institutional investors are linked
to high potential upside, uncorrelation to traditional assets, as well as

19 Ihidem.
20 Ibidem.



macro/inflation offsetting potential, as we can see from figure 10?!.

Uncorrelated to other assets 63%
High potential upside 67%
An innovative technology play 57%
They enable decentralization 50%
Free from government intervention 30%

Macro/inflation upside |EEEEEE—————— 539
Arbitrage opportunities 20%
Censorship resistance 37%

Participation in the DeFl... 40%
Yield opportunities :3%

Figure 10: Appeal of Digital Assets

On the other hand, most investors answered that price volatility con-
tinues to be the most significant barrier to adoption. As this concern is
pretty much widespread across the whole financial community, many coins
are set in the form of stablecoins®?

Other key concerns are represented by the lack of fundamentals to gauge
coins’ appropriate value??, the security of the asset custody, regulatory
classification and market manipulation.

Anyway, almost 80% of participants feel like digital assets have a place
in their portfolios. In fact, generally speaking, investments in alternative
assets almost doubled during last decades, growing from 6% in 2004 to
12% in 2018 and they are forecasted to be at about 18% - 24% by 2025
(figure 112%).

2018

2004

Figure 11: Alternative Assets in Institutional Investors’ Portfolios

2 Ibidem
22(Class of cryptocurrencies that attempt to offer price stability and are backed by a reserve asset. In
a diversified crypto portfolio, they could represent the ”cash” part of the allocation.

23In the following section, we will try to address this concern according to recent literature.
24 Ibidem
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Alternative investments are mostly driven by new generations of asset
classes, that, apart from cryptos, are linked to megatrends®® and ESG?
issues, that made institutional investors more sensible to non-conventional
financial topics. The goal of these alternative investments is to assure
acceptable yields while investing in sustainable assets and each year more
and more funds are launched within this scope.

Despite the growth of ESG funds has faced difficulties in entering the
mainstream investment strategies, in recent years they began being ac-
cepted as a distinct asset class [12] and, as we can see from figure 12%7,
they had a strong decade in terms of net inflows, forecasted to grow in the
future as well.
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Figure 12: Sustainable Funds Annual Flows and Assets
Indeed, as observed by Seth R. et Al., 2021 [37], ESG issues are now a

predominant topic and, in the near future, alternative investments will be
no longer seen as an innovation but as the "new normality”.

25Word invented by John Naisbitt in 1982 to describe the complex societal tendencies able to provoke
significant structural changes on long-term economies’ trends, with factors often linked to demography,
innovations and environmental issues. https://www.altroconsumo.it/finanza/lexicon/m/megatrends

26Environmental, Social and Corporate Governance issues.

2Thttps://www.morningstar.com/articles /1019195 /a-broken-record-flows-for-us-sustainable-funds-
again-reach-new-heights
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This change in asset managers’ preferences is also reflected in the cryp-
tocurrencies’ environment, as demonstrated by the number of 13F?® filed
by US funds [38] and by the exponential growth in digital ETP under
management (figure 13%).

50,000 { Net new assets
AuM
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log scale
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Figure 13: Digital Asset ETP & Mutual fund Net New Assets US$m

According to Coinshares’ report, the total number of coins in investment
product form has expanded from 9 to 15. 37 investment products were
launched in 2021 versus 24 in 2020 and now total 132, indicative of the
demand and popularity of digital assets.

Moreover, according to a recent Grayscale Investments report31, the
next phase of crypto investing will not be only driven by digital coins,
but more broadly by Web 3.0 innovations, such as the Metaverse and
Decentralize Finance ecosystems. In less than two years, DeFI market

capitalization as percentage of S&P500 financial companies has grown from
0.11% to 2.61% (figure 1432).

28The 13F is a form required by the ”Securities and Exchange Commission’s” to be filled quar-
terly by all US institutional investment managers with at least $100 million in assets under man-
agement. It disclose their holding and can give some insights of big players’ market activity.
https://www.sec.gov/pdf/form13f.pdf

Zhttps://coinshares.com /research/digital-asset-fund-flows

30 Ibidem

3lhttps://grayscale.com/learn/a-report-on-decentralized-finance-defi/
32 Ibidem
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Figure 14: DeFi Market Cap as % of S&P500 Financial Services Market Cap

Having said that, according to Coinshares®?, institutional investors’
most recent net inflows in crypto have been decreasing during last year,
as the tendency of the sector was to take the profits realized during 2020
(figure 1534).
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average daily fund flows (1month) as a percentage of AuM
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Figure 15: Crypto Asset Fund Flows as a Percentage of Fund AuM

In any case, it must be stressed that, while it is true that most institu-
tional investors have lost interest in certain coins, they are still continuing
to keep a stake in big players.

33https://coinshares.com /research/digital-asset-fund-flows
34 Ibidem
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As we can see from figure 16, Bitcoin and Ethereum have been the
digital assets that most drove investment flows during last year and it is
likely to be the case for 2022 as well, despite other cryptocurrencies now
possess higher upside potential.
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Figure 16: 2020/21 Weekly Crypto Asset Flows by Asset (US$m)

In a nutshell, we have observed that an increasing homogeneity among
digital investments perception tends to characterize the investment man-
agement landscape, net of the divergences between individual cryptocoins.

As a matter of fact, the Decentralized Finance market is now expand-
ing significantly, up to the point that the crypto sector might become a
stable investment option in the years to come, even for more conservative
investment funds.

1.4 Crypto as an Investment Opportunity

As stressed in the previous section, cryptocurrencies have a clear potential
to be classified as a distinct asset class in the future, but many aspect
remain unclear when deciding whether or not to invest in them. How to
evaluate them? What are their intakes in portfolio settings? What are the
benefits and risks for an investor?

In this section, we will try to answer these questions.

35 Ibidem
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1.4.1 Crypto Valuation Approaches

One key consideration that an investor has to make when approaching
cryptoassets as an investment opportunity is how to properly evaluate
them. This is of one of the most debated, challenging and disagreed aspect
of the crypto world as there is not a single approach agreed by everyone.
In this section, the five most discussed approaches will be examined.

Approach 1: Total Addressable Market This is the most popular
approach to evaluate the addressable market capitalization of a cryptocur-
rency and to compare it with its current one. For instance, considering
that Bitcoin is believed to be the new non-sovereign store of value just as
gold, it is possible to approach its valuation starting from the market value
of the latter: the total supply of gold held above ground is estimated to be
around $13 trillion at current prices, so, knowing that the total number of
bitcoins that will be ever made is 21 million, each Bitcoin should be worth
around $620.000 [4].

Adjusting the valuation, if Bitcoin captures 10% of the gold market,
each Bitcoin should be worth $62.000, implying that, as of now, Bitcoin
captures less than 8% of gold market capitalization®.

This approach has clear advantages in terms of simplicity and easiness to
understand, but it provides just rough valuation estimates as comparative
metrics do not explain the true intrinsic value of a certain instruments.

Approach 2: Equation of Exchange MV = PQ Another valuation
approach is based on the monetary equation of exchange traditionally used
to value fiat currencies [13]:

MV = PQ (1)

The equation is based on the assumption that the currency value is
based on its velocity and on market’s size.

36Data as of October 23" 2021, source https://coinmarketcap.com/it/
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For example, assuming that Bitcoin processes 100 billion transactions
(Q) of $100 each (P) per year and that the average velocity (V) of a Bitcoin
is 5 (i.e. one Bitcoin changes hand five times a year), then it is possible
to arrive at a potential market capitalization of $2 trillion or $95,238 per
Bitcoin.

The downside in this approach is the estimation of V, which is notori-
ously hard to do for a fiat currency, because key measures of velocity have
varied significantly over time and they are likely to vary even more in the
case of cryptocurrencies [4].

Approach 3: Crypto as a Network Another popular approach is
based on the concept that cryptoassets should be considered as a network
and their valuation should be proportional to the square of the number of
participants. For instance, if the value of a network of 2 users is 4, the
value of a network of 4 participant is 16 and so on.

Ken Alabi applied Metcalfe’s Law to value cryptoassets using the num-
ber of daily users in their networks and he showed that the differences in
valuation between certain coins can be explained through this model [14].

Two key drawbacks of this approach are that this method is appropriate
only for relative valuations and that it gives equal weight to each user.

Approach 4: Cost of Production The cost of production approach
is based on the fact that miners, in order to produce cryptocurrencies like
Bitcoin, spend fiat money in terms of hardware and energy [15].

According to the microeconomic theory, the cost of producing each
marginal token should align with the price of Bitcoin itself because, if the
mining activity of a certain cryptocurrency were unprofitable, miners could
just switch their investments to other coins.

Anyway, the model do not take into account the massive short-term
volatility of cryptocurrencies prices and, furthermore, this approach cannot
be applied to proof-of-stake based coins.

Approach 5: Stock-to-Flow Model This last approach has been de-
veloped specifically for Bitcoin and states that Bitcoin’s price should re-
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flect its scarcity, measured through the stock-to-flow ratio (extant value of
Bitcoin to the amount being produced each year) [16].

This method shows that Bitcoin’s price has been highly correlated over
the years with the increasing scarcity expressed by the stock-to-flow ratio.

The drawbacks of this approach are that it assumes that Bitcoin’s evolu-
tion is driven only by its price and it is clear that the ratio will perpetually
increase over time, as new bitcoins are programmed to be mined only till
a predetermined date®’.

The unfortunate reality of these approaches is that none of them is
academically defensible as traditional DCFs are for stocks. Cryptoassets
are still in the early stages of their development to let us know exactly
how to approach their valuation.

Furthermore, NYU professor Aswath Damodaran, widely known as the
"Dean of Valuation”, has compared cryptocurrencies to commodities and
currencies, pointing out that ”cash generating assets can be both valued
and priced, commodities can be priced much more easily than valued, and
currencies and collectibles can only be priced” [17], implying that valuation
for cryptocurrencies is almost impossible, but not their pricing,.

1.4.2 Key Considerations for Crypto in Portfolio Settings

An investor looking at cryptoassets’ historical returns could easily say that
he/she should have allocated at least a small portion of his/her portfolio
on them in the past, as these instruments have shown some characteristics
often sought for during an investment decision.

Table 1 and figure 17 show respectively the correlations between main
asset classes (Equity, Bond, Real Estate, Commodities and Gold) and Bit-
coin, Ethereum, Ripple and Cardano®® and their the cumulative returns.

From these data, it is possible to highlight some elements that an in-
vestor should bear in mind when deciding whether or not to invest in
cryptocurrencies:

3THappening in 2140 [39].
~ *®Data from Yahoo Finance, from 01/01/2018 to from 01/01/2022. Tickers: GSPC, TNX, GD = F,
$P500-60, GC = F, BTC-USD, ETH-USD, XRP-USD, ADA-USD
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Asset Classes Correlation Matrix
S&P 500 10-Year Treasury Commodity Real Estate  Gold BTC ETH XRP ADA
S&P 500 1
10-Year Treasury | 39.78% 1
Commodity 40.35% 35.31% 1
Real Estate 73.85% 27.81% 33.40% 1
Gold -0.40% -33.00% 3.38% 8.69% 1
BTC 22.84% 6.11% 6.55% 12.01% 21.99% 1
ETH 24.22% 5.45% 17.18% 18.31% 27.08% 76.07% 1
XRP 18.34% 5.07% 8.79% 13.18% 7.73% 42.84% 52.47% 1
ADA 25.56% 7.39% 15.21% 18.12% 10.66% 64.99% 67.67% 56.28% 1

Table 1: Asset Classes Correlation Matrix

Asset Classes - Cumulative Returns

S&P 500

10-Year Treasury
5 Commodity Index
Real Estate Index
Gold il
BTC-USD A
ETH-USD VAR It
XRP-USD [ [
ADA-USD — ‘

Cumulative Returns

Figure 17: Asset Classes Cumulative Returns

e High Volatility: cryptoassets are still relatively in an immature phase
of their evolution and their prices have always been sensible to regu-
lations, technical hurdles and skepticism.

This aspect has led cryptocurrencies to be historically characterized
by high volatility and it is likely to continue in the future too. If
we look at figure 17, it is evident that cryptos had extreme standard
deviation values over the last four years, especially when we compare
them to traditional asset classes.

e Rising Trading Volumes: an interesting element to underline is the
increasing trading volume of cryptos, which reflects the great atten-
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tion of investors in this new asset class and the good liquidity of the
currencies.

However, it is important to note that surges in trading volumes sug-
gest either strongly bullish or strongly bearish sentiment and often,
especially during 2021, these fluctuations have been accompanied by
price decreases in the main coins.

e Low Correlation with Traditional Assets: another key characteristic of
cryptocurrencies is their high positive correlation between each other
but a low correlation with traditional assets and financial markets,
implying that they may offer diversification benefits to investors [40].

In fact, by looking at table 1, we can see low-medium correlations
only to the S&P500 and very modest correlations between them and
other asset classes.

e High Potential Returns: although the difficulty of forecasting future
prices of cryptoassets is a major downside for investors, crypto bulls
argue that historical returns will persists in the next years, as crypto
has just began to penetrate the mainstream and many financial insti-
tutions has began to develop blockchain-linked applications for their
services.

On the other side, crypto bears continue to argue that most cryptocur-
rencies are highly overvalued and that they are destined to collapse
in the near future.

Anyway, the empirical evidence shows that cryptocurrencies have sur-
vived several moments of panic even when they were seen just as
bubbles, and each year they set lows higher than the preceding year.
Risks will still be present, but the potential of crypto is undeniable.

1.4.3 Pros and Cons of Cryptocurrency Investing

As seen, cryptocurrencies investing has some upsides as well as downsides
that will be summed up in this section.
Regarding the pros, it is possible to outline the main ones:

38



e Diversification: the low correlation with traditional assets makes cryp-
tocurrencies a good instrument to increase the overall diversification
of an equity-bond portfolio, and crypto may also potentially act as a
hedge against periods of bear stock market.

e Potential for Appreciation: as said in the previous section, crypto
prices have grown exponentially and each year their lows have been
higher. If allocated in a well-balanced portfolio, cryptocurrencies have
the potential to enhance returns with limited risk.

e Resilience: despite massive price fluctuations and high volatility, ma-
jor cryptocurrencies have managed to remain on the market and, after
an initial skepticism, they have began being understood by the invest-
ment community and financial institutions.

The main cons are:

e Volatility: huge volatility swings are common for most cryptocurren-
cies and speculators could benefit from them, but long-term investors
see them as too dangerous. As long as cryptocurrencies remain in an
immature phase, this characteristic will persist.

e Lack of Regulation: the absence of an organization monitoring for de-
centralized cryptocurrencies is a key element behind the crypto phi-
losophy, but the lack of regulatory oversight is seen by some investors
as a key drawback.

As there is no governing body checking for the correct functionality
of coins, if a cryptocurrency-holder has any concern or problem, in
most cases he/she will be unable to complain anyone.

Moreover, laws and taxes are often ambiguous or unclear and they
differ from country to country, making the investment, in some cases,
difficult to be liquidated.

e Technical Risks: cryptocurrencies are stored in digital or physical
wallets whose passwords often cannot be restored if lost, and they
may be sensible to file corruption.
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Furthermore, even most established cryptocurrencies may have bugs
that could expose them to hacks. For instance, in 2018 some re-
searches discovered a technical bug in the Bitcoin code that could
have led to potentially infinite issuance of new tokens®.

1.5 Conclusions

The goal of this first chapter was to provide an introductory overview
of cryptoassets and explain the different definitions given to them, their
functioning and the key features in the underlying technology.

Cryptocurrencies are a massive step ahead in the financial industry, but
they are currently a big concern for most investors, as there is no unifor-
mity when approaching them in terms of regulations and characteristics
in portfolio settings.

In fact, the valuation approaches are various and none of them is con-
sistent with traditional literature, making crypto still an obscure topic.

Moreover, huge volatility swings, the lack of regulatory oversight and
eventual technical issues that may arise, make cryptoassets still a challeng-
ing asset class to introduce in portfolios.

Nevertheless, cryptocurrencies possess some distinctive attributes of-
ten sought for by investors: low correlation with traditional assets, high
potential for appreciation and diversification benefits.

This is why cryptoassets have the potential to be a huge investment
opportunity in the near future, as many institutional investors have already
noticed.

In the following chapters we will take a look at some applications in
static and dynamic portfolio settings, starting from the methodological
point of view in the second chapter and ending with the results in the last
chapter.

39https://www.coindesk.com/markets/2018,/09/21 /the-latest-bitcoin-bug-was-so-bad-developers-
kept-its-full-details-a-secret /
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2 Theoretical Framework

2.1 Introduction

Having introduced the crypto environment, we can now move on to study
cryptocurrencies as an investment opportunity. In this section, we will in-
vestigate some of the most used portfolio optimization techniques, thereby
reporting the methodology behind the empirical analysis.

Firstly, we will focus on the traditional Mean-Variance Optimization
introduced by Harry Markowitz and the general Modern Portfolio Theory
Framework, that entails the Sharpe Ratio and the Capital Asset Pricing
Model. Further, the limitations of the myopic approach will be presented.

Subsequently, we will analyze an extension of MPT, the Post-Modern
Portfolio Theory: the main differences from the traditional approach will
be highlighted in terms of risk-adjusted performance indicators and the
optimization based on the Sortino Ratio and Volatility Skewness will be
explained.

Finally, the focus will shift from the capital allocation, used up to now,
to the risk allocation, implemented in the Risk Parity approach. Hence,
considerations on the main differences from the pre-debated optimization
methods will be made.

Throughout the research, other statistical tools have been added in
order to better compare the optimization techniques and they will be pre-
sented in the last section.

2.2 Modern Portfolio Theory and Capital Asset Pric-
ing Model

In this section, we will discuss the fundamentals of the classical portfolio
optimization approach. We will introduce the main concepts of the Modern
Portfolio Theory by Harry Markowitz, so the asset allocation based on the
Mean-Variance optimization, and one of its extension, the Capital Asset
Pricing Model, introducing concepts like the Beta, the Capital Market Line
and the Security Market Line.
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2.2.1 Expected Returns

Modern Portfolio Theory began with the model theorized by Nobel-prize-
winner Harry Markowitz in 1952 [18], where he outlined a framework to
compose and select the optimal portfolio for any given level of risk and
return.

According to this theory, the starting point to construct a portfolio is
to calculate its expected return, as returns can be interpreted as a non-
dimensional summary of an investment opportunity.

The returns used in the development of this thesis are the continuously
compounded returns, given by the natural logarithm of simple returns and
represent the compounded growth rate of prices over a certain period:

Py

m) (2)

riy = In(

)

where P represents the price of each security i at each period ¢t and ¢-1.

Having found the continuously compounded returns, the expected re-
turns for each security can be calculated through the arithmetic average
of logarithmic returns:

E[R;] = % > i (3)

where T represents all logarithmic returns in each period t.
At this stage, it is possible to obtain the overall expected return by
weighting each security’s expected return for its weight in the portfolio:

E[Rp] = Z E[R;]w; (4)
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where N represents the number of securities in the portfolio and w;
represents the weight of each security in it, with weights summing up to
1.

In matrix form, the portfolio expected return is found as:

w1

/ w2
pp = pw= [ pg - fin)

Wp,

where 1 is the expected returns vector.

2.2.2 Volatility

The estimation of risk, that is the chance that an investment actual re-
turn will be different from its expected return, for a security requires the

calculation of its variance, that determines how far each return in a given

period is from the mean’:

s XL (ris — E[R))’

oy

with T being the total number of returns in the observed period.
At this point, in order to find the security’s volatility, we have to calcu-
late the square root of the variance, that basically is its standard deviation:

01 = /o2 (7)

But when it comes to portfolio volatility, we cannot just calculate the
weighted average of each security’s standard deviation, as the diversifica-
tion benefits occur and the overall riskiness of the portfolio should be lower
than the sum of individual volatilities.

40https://www.treccani.it/vocabolario/varianza,/
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In order to perform it, we have to consider the correlation coefficient,
that measures the degree to which two variables move in relation to each
other!:

O =
pij=—" (8)
00y

where o ; is the covariance between ¢ and 7, used to determine the rela-
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tionship between the movement of two asset prices*s, and it is calculated

as:

P S (e — B[R (rje — B[R)])
1,7 T — 1

(9)

Values of p are comprehended in the range of -1 and 1 and a p near 0
means that the two asset are uncorrelated, boosting the portfolio diversi-
fication.

As risk is considered to be composed by a systematic and an unsystem-
atic component [41], where the former is inherently existing in the market
and the latter is asset-specific, diversification is aimed at mitigating the
unsystematic part.

In practice, if two securities move in a different way, the negative perfor-
mances of an asset can be offset by the positive performance of the other
one.

In this way, the overall portfolio volatility can be reduced. We can
estimate portfolio variance as:

(10)

4 https: //www.treccani.it /vocabolario/correlazione/
“2https://www.treccani.it /enciclopedia/covarianza-%28Enciclopedia-della-Scienza-e-della-
Tecnica%29/
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or, in matrix form, as:

011 012 *°+ Ol1n w1
091 0922 *++ 029 ()
w¥w = [w; wy - w,] (11)
On1l Op2 Onn Wn
and then:

op =/0} (12)

2.2.3 Sharpe Ratio and the Capital Market Line

In order to determine the most suitable asset allocation in securities, in-
vestors choose the combination of assets that guarantees the best risk /reward
relationship.

A commonly used indicator to rank portfolios in terms of return /volatility
trade-off is the Sharpe Ratio [19]. For an asset i, the Sharpe Ratio is found
as:

SR, = B[R] —rr (13)

g;

The ratio measures the incremental reward, in terms of expected excess
return compared to the risk-free*3, for each increase in the volatility of that
asset [42]; in general, the higher the ratio, the more efficient the asset.

At this stage, an investor has to decide how to allocate his/her money
and he/she can simulate a large number of asset combinations in order to
find the most efficient ones in terms of volatility and expected return.

43The risk-free rate represents the return on an investment without uncertainty associated to its cash-
flows. Generally, the rp is identified in the short-term government bonds such as T-Bills in the US.
https://www.borsaitaliana.it /borsa/glossario/tasso-risk-free.html
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Anyway, only certain portfolios can be considered: they are located
on the Efficient Frontier, that is composed by portfolios ”providing the
maximum expected return for a given admissible risk or — which is the
same — the minimum risk for a given desired expected return” [43].

Portfolios under the frontier are called ”inefficient”, as there are port-
folios providing higher returns for that level of volatility, or portfolios car-
rying less risk for that level of return.

Capital Market Line

\ Efficient Frontier

Maximum Sharpe
Ratio Portfolio

Expected Return

Tr Randomly Generated Portfolios

Volatility

Figure 18: Efficient Frontier and Capital Market Line: the green line represents the
Efficient Frontier, while the red one represents the Capital Market Line. The tangency point
between the two lines corresponds to the highest Sharpe Ratio portfolio.

The next step to evaluate the best combination of assets is to draw the
Capital Market Line, a tangent line starting from the risk-free asset with
slope equal to the maximum Sharpe Ratio portfolio; the tangency point
represents the best mix of stocks and bonds among all possible combina-
tions [44].

Moreover, the other portfolios that lie on the CML provide the best
risk/return combination too, and, according to the Tobin’s Theorem [45],
the more they are near to the risk-free, the more they will be selected by
moderate investors, while the more they are after the tangency point, the
more they will be likely to be picked by aggressive investors.
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2.2.4 Capital Asset Pricing Model

As an extension to the Modern Portfolio Theory, William Sharpe [46], and
subsequently Lintner [26] and Mossin [20], developed a new model in 1964,
called Capital Asset Pricing Model, that measured asset returns in relation
to a risk factor, the beta.

The model relies on three main assumptions about investors [47]:

e Investors can trade all securities at market prices and can borrow at
the risk-free rate

e Investors only hold efficient portfolios

e Investors have homogeneous expectations on expected returns, volatil-
ities and correlations

Given these assumptions, each investor on the market will identify and
invest in the maximum Sharpe Ratio portfolio and he/she will only decide
what portion of the portfolio to be composed by the rr. Therefore, the
tangent portfolio must equal the market portfolio.

For an asset i, the CAPM formula is:

Elr;) = rr + (E[rM] - TF) (14)
where:
_ OiM
Bi = o (15)

In general, for any portfolio, its beta can be computed as the weighted
average of its individual assets:

Elrp] =rr + Bp <E[TM] - 7”F> (16)
where:
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N
Bp = "2 =S wp (17)
M i=1

The f; is an important element to evaluate the riskiness of a security i,
as the o7 only tells us the risk associated with its own fluctuations from
the mean, but not with respect to the market. For instance, if an asset ¢
is uncorrelated with the market, then its §; will be equal to 0 and it will
mean that there is no risk, and so no reward, associated with the security.

So, the (§; can be seen as a measure of systematic risk that cannot be
eliminated with diversification.

Furthermore, in practical terms, the beta corresponds to the best fitting
line in the plot of a stock’s excess returns versus the market excess returns
and it can be obtained through a linear regression:

Elri —rer = a; + 5 (E[TM,t] — TF,t) + €4 (18)

or, in matrix form as:

Elri] —rpe =c1 + 51 (E[T’M,t] — T’F,t) + €14

Elrey] — rps =g + P (E[TM,t] —Tpg) + €2y

(19)
Elryi —res =an + By (E[TM,t] - TF,t) + €Nt

The result of the regression can be visualized in figure 9:

The last element of the regression, €+, is the error or residual term
and represents the deviations of the points from the best-fitting line. On
average, it is equal to zero, and the aim of the simple linear regression®* is
to minimize the sum of the squared distances from the line.

44Tn this case, we are referring to the Ordinary Least Squares
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Figure 19: OLS regression: the beta corresponds to the slope of the best fitting line [47].

In order to evaluate the regression, the coefficient of determination, or
simply R?, is used. The R? is a statistical measure that tells us the link
between the data variability and the correctness of the regression model. In
finance, it tells us how closely the performance of an asset can be attributed
to the performance of a selected benchmark index [48]:

RSS | ¥Lid YL

RZ=1

7SS~ S (y— )7 > (v — )
_ ESS S (i-7)
TSS Yy —9)?

(20)

where TSS stands for Total Sum of Squares, RSS stands for Residual
Sum of Squares and the ESS is the Explained Sum of Squares.

Briefly, R? varies from -0co to 1 and the more the value is closer to 1,
the more the model explains the data correctly.
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2.2.5 The Security Market Line

The CAPM equation implies that there is a linear relation between the
stock’s beta and its expected return. This relation is represented by the
Security Market Line, a function with slope equal to the Market Risk
Premium® and intercept equal to the rp.

Capital Market Line
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Figure 20: Security Market Line: the figure shows the relation between the CML and
the SML [47].

The purpose of the SML is to determine the right rate of return of a
security given a beta value and to identify those stocks not aligned with
their systematic risk expectations.

2.2.6 Jensen’s Alpha

Recalling equation (18), the constant «; is the stock’s Alpha and, when it
is estimated in this way, it is referred as the ” Jensen’s Aplha” [27].

The Alpha is a ex-post indicator employed to evaluate the performances
of a security (or portfolio) and it is used to determine whether that asset
had or not abnormal returns over the expected return predicted by the
CAPM. We can calculate it as:

o = E[r] — [rF + fs(Blrar) - rF)} (21)

4 Given by B(E[ry] —rF)
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2.2.7 Treynor Ratio

The Treynor Ratio was introduced in 1965 by J. L. Treynor [28] and it is a
similar reward-to-risk measure to the Sharpe Ratio. The main difference is
that the Sharpe Ratio uses the volatility as risk measure, while the Treynor
Ratio uses the beta:
For an asset i, the Treynor Ratio is found as:
E[RZ] —TF

TR, = ———
5 (22)

This implies that the two ratios treat risk differently because, while
the Sharpe Ratio uses the total risk associated with the investment, the
Treynor Ratio only uses the risk associated with the systemic component
of the portfolio. This aspect could lead to very divergent results.

The interpretation of the ratio is that, the higher the value, the higher
will be the portfolio capability to remunerate the exposure to systemic
risk.

2.2.8 Limits of the Myopic Approach

Despite the validity of this theory, the traditional portfolio model is based
on some strict assumptions that result in many limitations and weaknesses:

e The CAPM assumes risk-adverseness, rationality and realistic expec-
tations of all market participants, but the market is not formed by
rational investors only.

e The Mean-Variance optimization only uses expected returns and volatil-
ity to decide the portfolio optimization, leaving out other useful sta-
tistical measures like higher moments of the return distribution.

Moreover, the standard deviation is a very simplistic tool to represent
risk and two portfolios could exhibit the same volatility levels but for
different reasons, one for small and frequent losses and the other for
two or three larger declines.
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e The single-period time horizon appears unrealistic as it does not con-
sider portfolio rebalancing and cannot capture factors that vary over
time.

2.3 Post-Modern Portfolio Theory

Mean and variance are important measures of the returns’ distribution, but
they are often not able to properly explain the data, as they are related
to the