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Executive summary

In this Digital Investor, we propose two models to value crypto-currencies. The first is a
comprehensive valuation model that provides a fair-value estimate of bitcoin in US dollars.
This model is built around four concepts describing the key characteristics of blockchains
(network and immutability) and of crypto-currencies (monetary policy and currency type).
According to our estimate, bitcoin fair value is currently USD 10,900.

According to our estimates, the most sensitive variables in valuing crypto-currencies are
the number of users (demand) and monetary policy (supply) as measured by the network
parameter n and the scarcity factor s. The immutability and Gresham parameters, on the
other hand, have a lower price elasticity. It is worth noting, however, that as the calibrated
hash rate H(d,t) is a large number, its level impacts price level.

The second model compares the exchange rates of crypto-currencies within the crypto-
currency space. It is based on a no-arbitrage condition, mining parity. According to it,
miners should expect the same profit when mining comparable crypto-currencies in terms of
consensus algorithms. Empirical evidence strongly supports the existence of mining parity.




In this edition of Digital
Investor, we propose two
valuation models for crypto-
currencies. In the first model,
we propose an innovative
method to price crypto-curren-
cies in terms of fiat currency.

In the second model, we
propose a method to compare
the price of two proof-of-work
crypto-currencies according
to a no-arbitrage condition
(mining parity).

A fair-value model for bitcoin and the mining parity

1.
Valuation

“Price is what you pay; value is what you get,” said Warren Buffett, the most famous value
investor and a crypto-currency sceptic. While it is easy to know the price of everything, it is
tricky to estimate the value of things. In the FX space, for instance, Purchasing Power Parity
(PPP) and Uncovered Interest Rate Parity (UIP), two models based on sound concepts, do not
provide reliable estimates. Despite their poor track records, these models shape and form
the basis of investors’ understanding of the FX market, as they help explain where currency
value comes from in a fiat money world where none of the currencies has intrinsic value.

According to the existing valuation models, the value of bitcoin network is between zero and
100 trillions US dollars. This range is so vast that it does not provide any insight.

There are several difficulties in valuing crypto-currencies. First, there are no cash-flows
associated with crypto-currencies, eliminating the use of any type of discounted-cash-flow
model. Second, crypto-currencies are abstract and intangible, unlike commodities. Conse-
quently, they do not have any industrial use, are not a source of energy, and do not shine.
Unlike commodities, they do not have intrinsic value. Third, crypto-currencies are not com-
parable to traditional currencies, as they are not legal tender of any country and do not have
economies to back them. These difficulties imply that the PPP model does not apply. As there
is no financial system around crypto-currencies, there is no yield curve either, making the UIP
model not applicable either.

By any means, crypto-currencies are different from traditional asset classes, but what are
they? Coin Metrics’ State of the Network issue 37 and issue 40 provide a comprehensive
synthesis of the current models. Though many models provide good instincts, they often
answer questions in silos. We propose a broader framework with a comprehensive approach.
In this edition of Digital Investor, we attempt to provide this comprehensive model for crypto-
currencies.

2.
A comprehensive model for crypto-currencies

The valuation model we propose is articulated around four terms that capture the essence
of native crypto-currency value: network, immutability, monetary policy, and currency type.
The first two terms describe the underlying blockchain or the demand for a secure storage,
and the last two characterise the crypto-currency, i.e., the supply of a certain type of curren-
cy. Only a combination of a robust blockchain and a well-designed currency wrapped in an
appropriate set of rules (tokenomics) has value.

Expressed as an equation, our model is as follows

pe=UrH ) () ()

where P(t) is the dollar price of the crypto-currency, C(t) the number crypto-currencies in
circulation, and P(t)C(t) the market capitalisation.

The first term is the network value. U(t) is the number of users and n is the network param-
eter that captures the positive externalities associated with the users. The number of users
indicates the magnitude of adoption. According to Hyman Minsky, “Everyone can create
money; the problem is to get it accepted”. In our context, this quote means that the larger the
adoption, the higher the value attached to the crypto-currency.
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The second term is the immutability value. H(d,t) is the calibrated network hash rate and
i the immutability parameter; the second term measures network security. The higher i, the
more important is immutability as a characteristic and the higher the value associated with
it. H is the calibrated network hash rate variable defined as d*232 with d being the difficulty *.
As 1/H(d,t) is the probability the next hash mines a block, the larger H(d,t), the higher the
security of the blockchain. Finally, the immutability parameter i measures the price elasticity
of security.

H(d,t) is an important variable, as it captures the essence of a blockchain database: its
security. When users use a blockchain, they are using the block space, which is scarce. As
a result, the piece of information stored in a block, a transaction such as a value transfer, a
smart contract, or a transfer of information (signed message), has value. Why would anyone
pay a price simply to store information when there are plenty of cheaper alternatives? The
explanation is because of two crucial aspects—censorship resistance? and immutability?.
Immutability is a synonym for proof-of-existence; it provides the same guarantees as a bank
money transfer, a written contract, or a notarial act in the physical world, without the need
to trust any third party.

Notice that H(d,t) is also proportional to the cost of running the network. Whether in a proof-
of-work or proof-of-stake blockchain, H provides an indication of the aggregate investment
at risk to secure the system and is thus an indication of transfer finality and settlement. The
higher H, the more likely a transaction is final, as the cost of altering the state change of the
blockchain increases.

The last two terms characterise the crypto-currency attached to the blockchain. The third
term describes the monetary policy. C(t)/C is an index measuring the proportion of circu-
lating supply C(t) to total supply C, and s is the scarcity parameter. This term is a simple de-
scription of the monetary policy that fits crypto-currencies that have rigid supply schedules
and a maximum number of currencies. It is easy to imagine supply schedules that offer some
elasticity while still offering a high degree of discipline. The monetary policy used here is a
particular case of the broader idea of monetary policy discipline.

Finally, the fourth term describes the currency type. The ratio C(t)/T(t) measures the propor-
tion of transaction T(t) to the current supply C(t), and g is the Gresham parameter. This ratio
captures whether the crypto-currency is more a medium of exchange or a store of value; it
is a way to put a figure on the eternal debate about whether bitcoin is a store of value or a
medium of exchange. The lower the ratio, the more transactions are observed relative to the
supply of money, suggesting that crypto-currency has a high turnover and, thus, is consid-
ered by users to be primarily a medium of exchange. A higher ratio indicates low turnover
and a high degree of holding.

To this ratio we attach a parameter g for Gresham, as this ratio reflects also the idea behind
Gresham’s Law that states that “bad money drives out good”. The good money that is more
valuable in the eye of the user gradually disappears from circulation as it is held. This prac-
tice translates into a low turnover (a high ratio), as that money is mainly a store of value. Bad
money circulates more, as people try to get rid of it. As a result, that money is a medium of
exchange characterised by a high turnover (low ratio).

Before turning to empirical results, it is worth noting that our model is designed for cryp-
to-currencies. Platform and utility crypto-currencies probably need another specification.
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The valuation model we
propose is articulated around
four terms that capture the
essence of native crypto-
currency value: network,
immutability, monetary policy,
and currency type.

The first two terms describe
the underlying blockchain or
the demand for a secure
storage, and the last two
characterise the crypto-

currency, i.e., the supply of
a certain type of currency.

Only a combination of a robust
blockchain and a well-
designed currency wrapped

in an appropriate set of rules
(tokenomics) has value.

Difficulty is a measure of how difficult it is to
mine a block. It is adjusted every 2016* block
to keep an average mining time of 10 minutes
in the case of bitcoin. To translate the difficulty
level in hashes, it needs to be multiplied by 232,

Anybody can send a transaction as long as her/
his address balance is greater than the amount
s/he wishes to send.

Changing information in a block is incredibly
difficult. It is a function of H and of the number
of blocks mined after the block that is to be
changed. The higher H and the longer the block-
chain, the higher is immutability.
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3.
Empirical results

To estimate our model, we run an OLS regression on the logarithmic transformation of our
model*. (Note that for reading ease, variables previously written in capital letters are noted
in small letters when expressed in logarithms. Interested readers are invited to examine the
Appendix to see how we arrived at the econometric model.) After rearrangement, the econo-
metric model becomes

C
Pyt C= bo(l_ c_t)"' biu.+ byh.+b,(t.— ¢
—— —

Pt m,

where p’(t) is the market capitalisation, m(t) the modified monetary policy, and t(t)-c(t) the
Gresham'’s turnover. Figure 1 presents the bitcoin (BTC) regression estimates®. All parameters
are significant and show the correct signs. From these estimates, we retrieve the original
parameters s, n, i, and g. Each is presented in Figure 1.

Figure 1: BTC regression - OLS estimates

Number of observations 3613 s=1.84

Prob>F 0.0000 n=1.26

R-squared 0.9989 i=0.10

Adjusted R-Squared 0.9986 g=0.06
Variables Parameters Std. error t Stat P-Value 95% conf. Interval
m(t) -31.05 1.09 -28.52 0.00 -33.19 -28.92
u(t) 1.26 0.04 34.46 0.00 1.19 1.33
h(t) 0.10 0.01 8.15 0.00 0.07 0.12
t(t) - c(t) -0.06 0.03 -2.43 0.02 -0.11 -0.01

Source: SEBA

The specification of the model is such that the parameters measure the price elasticity of the
variables. For instance, the network parameter n=1.26 means that for a 1% increase in the
number of users, price increases by 1.26%. According to our estimates, the most sensitive
variables are the number of users (demand) and monetary policy (supply) as measured by
the network parameter n and the scarcity factor s, respectively. The immutability and the
Gresham parameters, on the other hand, have lower price elasticity. It is worth nothing that
as the calibrated hash rate H(t) is a large number, its level impacts price level.

4 We are grateful to Sivaji Sabbavarapu for help-
ing us specify and estimate the econometric
model.

5 To estimate the number of users, we use the
number of addresses that have at least 0.001
BTC. For the transaction variable, we use the
value of transactions in native currency.
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Figure 2 illustrates the evolution of BTC price and fair-value estimates. At the time of this
writing, bitcoin fair value is at USD 10,900, suggesting that at its current price bitcoin is close
to fair-value. In the wake of halving, the fair value has declined, as indicated by the light
green line in Figure 2. The decline is due to the two downward difficulty adjustments that
followed halving, in line with the price forecasts we published in the May Digital Investor.

Figure 2: History of BTC price and fair value in USD
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Source: SEBA, Coinmetrics
Historical data are not a reliable indicator for future performance

Notice that, as with all models, estimates need to be taken with humility. Nevertheless, we
think this model provides a framework for analysing price movements from a fundamental
angle and gives an anchor to investors.

Estimates for other crypto-currencies such as Litecoin (LTC), Bitcoin Cash (BCH), and Bitcoin
Satoshi Vision (BSV) are not conclusive. Parameters are mostly significant but show incorrect
signs. For instance, BCH'’s network parameter (n = -0.90) suggests that value declines as the
number of users increases. For LTC, the scarcity parameter (s = -1.09) is negative, meaning
that the scarcer the currency, the less value it has.

We think these results reflect weaknesses in the ecosystems supporting the crypto-curren-
cies. Comparing bitcoin and other proof-of-work currencies, trust in bitcoin is the strongest
among the pack for several reasons. Bitcoin has survived against all odds, while BCH and
BSV have been challenged in stormy weather and are both identified with controversial
personalities. LTC has limited development. In contrast, bitcoin has become more decen-
tralised. Developers have received grants from different organisations including academic
institutes such as MIT and firms such as Square, Inc. Development of bitcoin has remained
robust over the years. One can safely assume that bitcoin is the most decentralised proof-of-
work cryptocurrency. This robustness attracts miners and, in turn, more security, and more
security translates into more trust.

These qualitative judgements are not captured in any of the four terms that make up our
model. In econometric terms, there is an omitted variable bias. The bias results in the model
attributing the effect of the missing variables to the variables that were included.

One can safely assume

that bitcoin is the most
decentralised proof-of-work
cryptocurrency.

This robustness attracts
miners and, in turn, more
security, and more security
translates into more trust.




$ According to mint parity, if a coin is backed by
10 grams of gold and another coin by 5 grams,
the first coin is twice as valuable as the second.

A fair-value model for bitcoin and the mining parity

4.
Mining parity

Accepting that our model provides reliable estimates of BTC fair value, the market price is
very often, perhaps almost always, out of equilibrium. Investors know that this observation is
valid for traditional asset classes as well. In the FX market, for instance, the spot price devi-
ates significantly and for a long time from its PPP value.

Acknowledging these observations, fair-value models provide insightful signals for long-
term investors and for large price discrepancies. In the short term, however, their use is limit-
ed. Therefore, we propose a no-arbitrage condition built on mining activity: the mining parity
approach. In spirit, it is similar to the notion of mint parity® used in metallic systems such as
the gold standard to compare the price of two currencies.

Three coins, Bitcoin (BTC), Bitcoin Cash (BCH), and Bitcoin Satoshi Vision (BSV), are directly
comparable as they use the same mining algorithm. Miners can switch between them with
little difficulty. The relative ease of switching between these coins forms the basis for analys-
ing whether some coins are more attractive than others.

The first assumption is that miners are rational. In a competitive market, each coin is
expected to result in the same return. Otherwise, arbitrage is possible between the coins.
This no-arbitrage condition is the mining parity.

The expected USD profitability of mining the next BTC block is expressed as follows:

EETC (Profitability Ys) = P, (Block®TS) E, (Block reward®™s) E, (BTCUSD,, ;)

t+ 1 t+ U
- CostysP

The equation illustrates that the expected profitability in USD in time t to mine the next block
at time t+1 is equal to the probability of mining the block multiplied by the block reward
(mining reward and fee) expressed in USD minus the cost of mining in USD (e.g., hardware and
energy). This generic equation holds for BTC, BCH, and BSV.

Mining parity states that

EST® (Profitability Y$9) = EBH (Profitability Y50)

t+1

as miners are indifferent in choosing to mine BTC or BCH. Given that the equipment and
overhead costs are the same, rearranging the terms, we get the following mining parity for
BTCBCH (i.e., the price of BTC expressed in BCH).

According to the mining parity condition, the BTCBCH exchange rate should be equal to the
ratio of the probability of mining the next block of each coin, multiplied by the respective
rewards.

P, (Block®e!) -E, (Block reward®c)

P, (Block®™) -E, (Block reward?TS

E.(BTCBCH,, ) =

According to the mining parity condition, the BTCBCH exchange rate should be equal to the
ratio of the probability of mining the next block of each coin, multiplied by the respective
rewards.
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While there is no evidence of miners switching between coins to maximise their expected
returns, mining parity seems to hold, as Figures 3 and 4 suggest.

Figure 3: BTCBCH and the mining parity

60
50
40

30

BTCBCH

20

10

2018 2019 2020

— BTCBCH
— BTCBCH Mining Parity

Source: SEBA, Coinmetrics
Historical data are not a reliable indicator for future performance

Figure 4: BTCBSV and the mining parity
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I
Conclusion

In this edition of Digital
Investor, we have presented
two crypto-currency models.
The first model is an attempt
to provide a comprehensive
approach to valuing crypto-
currencies. In the second
model, we used a no-arbitrage
condition, mining parity,

to compare the price of two

crypto-currencies.

The results of both models are
encouraging. They show that
we can value crypto-curren-
cies and that their behaviours
against each other are not
random. We believe that these
models can help investors
gauge the attractiveness of
crypto-currencies and make
better investment decisions.

A fair-value model for bitcoin and the mining parity

5.
Appendix

For memory, the model is

pe=urHEr (@) @)

To estimate our model, we run an OLS regression on the logarithmic transform of the model.
Note that for the ease of reading, variables previously written in capital letters are noted in
small letters when expressed in logarithms. After rearranging the terms, the model expressed
in logarithms look as follows

p.=-sc+nu +ih +(s+g - l)c, - gt,

As parameters s and g are related to each other, the model is rewritten to make the
constraint explicit:
p: = bo + byu, + boh, + bye, + byt

b
s.t.b3=—c—0—b4—l

After substituting for the constraint and rearranging the terms, we have:
Ct
pet &= by (1= = )+ byu,+ byhy+ b, (t,- )
\7—1 H,C_J
t my

where p’(t) is the market capitalisation, m(t) the modified monetary policy, and t(t)-c(t)
Gresham'’s turnover.
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Disclaimer

This document has been prepared by SEBA Bank AG (“SEBA”) in Switzerland. SEBA is a Swiss bank and securities dealer with its head once and legal domicile in Switzerland. It is authorized
and regulated by the Swiss Financial Market Supervisory Authority (FINMA). This document is published solely for information purposes; it is not an advertisement nor is it a solicitation or an
offer to buy or sell any financial investment or to participate in any particular investment. strategy. This document is for distribution only under such circumstances as may be permitted by
applicable law. It is not directed to, or intended for distribution to or use by, any person or entity who is a citizen or resident of or located in any locality, state, country or other jurisdiction
where such distribution, publication, availability or use would be contrary to law or regulation or would subject SEBA to any registration or licensing requirement within such jurisdiction.

No representation or warranty, either express or implied, is provided in relation to the accuracy, completeness or reliability of the information contained in this document, except with
respect to information concerning SEBA. The information is not intended to be a complete statement or summary of the financial investments, markets or developments referred to in the
document. SEBA does not undertake to update or keep current the information. Any statements contained in this document attributed to a third party represent SEBA’s interpretation of the
data, information and/or opinions provided by that third party either publicly or through a subscription service, and such use and interpretation have not been reviewed by the third party.

Any prices stated in this document are for information purposes only and do not represent valuations for individual investments. There is no representation that any transaction can or
could have been elected at those prices, and any prices do not necessarily reflect SEBA’s internal books and records or theoretical model-based valuations and may be based on certain
assumptions. Different assumptions by SEBA or any other source may yield substantially different results.

Nothing in this document constitutes a representation that any investment strategy or investment is suitable or appropriate to an investor’s individual circumstances or otherwise consti-
tutes a personal recommendation. Investments involve risks, and investors should exercise prudence and their own judgment in making their investment decisions. Financial investments
described in the document may not be eligible for sale in all jurisdictions or to certain categories of investors. Certain services and products are subject to legal restrictions and cannot
be offered on an unrestricted basis to certain investors. Recipients are therefore asked to consult the restrictions relating to investments, products or services for further information. Fur-
thermore, recipients may consult their legal/tax advisors should they require any clarifcations. SEBA and any of its directors or employees may be entitled at any time to hold long or short
positions in investments, carry out transactions involving relevant investments in the capacity of principal or agent, or provide any other services or have offcers, who serve as directors,
either to/for the issuer, the investment itself or to/for any company commercially or financially affliated to such investment.

At any time, investment decisions (including whether to buy, sell or hold investments) made by SEBA and its employees may differ from or be contrary to the opinions expressed in SEBA
research publications.

Some investments may not be readily realizable since the market is illiquid and therefore valuing the investment and identifying the risk to which you are exposed may be diffcult to quantify.
Investing in digital assets including cryptocurrencies as well as in futures and options is not suitable for every investor as there is a substantial risk of loss, and losses in excess of an initial
investment may under certain circumstances occur. The value of any investment or income may go down as well as up, and investors may not get back the full amount invested. Past per-
formance of an investment is no guarantee for its future performance. Additional information will be made available upon request. Some investments may be subject to sudden and large
falls in value and on realization you may receive back less than you invested or may be required to pay more. Changes in foreign exchange rates may have an adverse effect on the price,
value orincome of an investment. Tax treatment depends on the individual circumstances and may be subject to change in the future.

SEBA does not provide legal or tax advice and makes no representations as to the tax treatment of assets or the investment returns thereon both in general or with reference to specifc
investor’s circumstances and needs. We are of necessity unable to take into account the particular investment objectives, financial situation and needs of individual investors and we would
recommend that you take financial and/or tax advice as to the implications (including tax) prior to investing. Neither SEBA nor any of its directors, employees or agents accepts any liability
for any loss (including investment loss) or damage arising out of the use of all or any of the Information provided in the document.

This document may not be reproduced or copies circulated without prior authority of SEBA. Unless otherwise agreed in writing SEBA expressly prohibits the distribution and transfer of
this document to third parties for any reason. SEBA accepts no liability whatsoever for any claims or lawsuits from any third parties arising from the use or distribution of this document.

Research will initiate, update and cease coverage solely at the discretion of SEBA. The information contained in this document is based on numerous assumptions. Different assumptions
could result in materially different results. SEBA may use research input provided by analysts employed by its affliate B&B Analytics Private Limited, Mumbai. The analyst(s) responsible for
the preparation of this document may interact with trading desk personnel, sales personnel and other parties for the purpose of gathering, applying and interpreting market information
The compensation of the analyst who prepared this document is determined exclusively by SEBA.
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