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Abstract: The results of empirical analyses confirm that analysed unsystematic factors, the Stock-
to-Flow index (S2F), and information on the Bitcoin (BTC) are directly correlated with BTC values.
These results are expected and in line with the economic theory; however, this research paper aimed
to investigate the impact of unsystematic factors on the value of decentralised virtual cryptocurrency
BTC. Its aim was also to analyse the reasons for significant oscillations of market values in relation to
the S2F and S2FX model and thus confirm the reliability of these models in the estimation of BTC
value. The research further confirms the strong influence of non-technical information directly linked
with the BTC. The limitations of this paper are the lack of possibilities for examining the impact of
non-technical information affecting the Bitcoin price deviation regarding the S2F model. In addition
to all mentioned limitations, the research results indicate the relevance of the S2F and S2FX models
and show a strong impact of (half) the information on the value of cryptocurrencies.

Keywords: Bitcoin (BTC); Stock-to-Flow (S2F); S2FX; unsystematic factors

1. Introduction

The 2008 financial crisis and the 2020 COVID-19 pandemic accelerated some of the
expected changes in the management of financial systems. The consequences of these
crises on the globalisation process, financial operations, production, and international trade
affected all segments of the economy. The 2008 global financial crisis turned into a recession
(Allen and Carlleti 2010). The global COVID-19 pandemic has caused a severe economic
crisis in the supply and demand of goods and services in domestic and international
markets (Kraus et al. 2020), and we also assume there will be strong changes in the
functioning of the global financial system. The most evident impact of the COVID-19
crisis is on financial markets, especially the global stock market (Ozili and Arun 2020)
and in the drop-in stock prices in almost all companies (Ding et al. 2020). The two major
crises of the 20th century, the 2008–2009 Great Recession, and the 2020 COVID-19 crisis
(Šonje and Kotarski 2020) are the introduction to a new century in which markets and
technological progress will continue to drive growth. Priem (2021) states that “most
individuals increased their equity positions during the pandemic”. In an economy in which
most of the production is based on the minimum cost model with minimum stocks, as
well as last-minute supply of raw materials and parts, supply chains have been disrupted
and thus caused major market disruptions. According to available data, global trade
dropped by 9% in 2020, foreign investment by 40%, and trade in services by 60%. It has
become evident that current global economic growth is based on money printing. State
interventions and incentives have delayed the expected changes in the economy burdened
by debt, inflation, unemployment, and production decline. It is only a matter of time before
the real economy succumbs to the burden of debts and money printing. Considering the
dynamics of technological–technical changes, changing trends in consumer habits and
needs, and strong decentralisation of the basic interfaces of the traditional sector, such as
trade, investment, asset management, payments, and insurance is inevitable. Irreversibility
and automation of financial contracts, complete control of funds, complete transparency of
ecosystems, increasing price, and market efficiency are only some of the expected changes.
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Changes in the environment have been strongly influenced in recent decades by new
organisational forms in the process of globalisation of the world economy (Fučkan and
Sabol 2013, p. 29). Globalisation and the development of financial systems have also
influenced the development of cryptocurrencies.

Bitcoin (BTC) is the most famous and first cryptocurrency. The BTC is also the first
limited digital commodity. It is a decentralised digital currency based on cryptography.
Like other cryptocurrencies, Bitcoin can function without intermediaries and supervision
by central authorities, such as the central bank, unlike state or fiat currencies, such as U.S.
dollars or euros, which are controlled by countries’ central banks. Its decentralised nature
allows it to operate on a peer-to-peer network, whereby users can send each other funds
without intermediaries.

The decentralised cryptocurrency market ensures payment anonymity, low price,
transaction speed, and is available online 24 h a day. Consequently, BTC provides financial
services in areas with underdeveloped financial infrastructures Salvador is the first country
to introduce Bitcoin as the official currency, so it will soon be possible to witness how
cryptocurrencies, that is, Bitcoin, can replace underdeveloped financial infrastructures. The
question is whether individuals can acquire sufficient technical skills and whether there is
sufficiently strong Internet infrastructure in these countries to allow Bitcoin payments to
unfold without any major difficulties.

The importance of the BTC is constantly growing. There are numerous research papers
studying the reasons for and the movements of the value of this first cryptocurrency. The
impact of systematic and unsystematic factors on the BTC value has often been analysed in
the past few years. In a BTC trading study, the authors Masafumi et al. (2018, p. 587) and
Balcilar et al. (2017, p. 74) conducted sensitivity analyses, but but only investigated shorter
period of time (several months)and did not investigate the impact of (half) information on
the movement of the market value of BTC.

This paper aims to investigate the impact of unsystematic factors on the value of
BTC, that is, determine to what extent models developed for predicting the Bitcoin value—
S2F and S2FX—as unsystematic factors, together with non-technical information, affect
the Bitcoin market value and thus the changes expected in the forthcoming period. The
purpose of this paper is to determine the reasons, such as systematic or unsystematic
factors, which significantly affect the value of the BTC expressed in USD, and thus show
that the rarity, that is, scarcity of the BTC is its most important feature. The described S2F
model, based on the relation between stocks and inflows of fresh BTC, strongly determines
the movement of its value with oscillations that need to be analysed and explained. This is
the main motivation for this research, as well as its contribution.

The following chapters provide a detailed explanation of S2F and S2FX methodology
for determining the BTC value. The Results and Discussion section outlines the impact of
the so-called (half) information on the BTC market value. Deviations of the BTC market
value in relation to the value determined by the S2F model have been analysed through a
number of cases from the past 10 years.

2. Theoretical Framework

The cryptocurrency market is not regulated by countries or regulatory agencies, and
the question is whether it can be compared to a regulated capital market, that is, whether
the same assumptions can be applied to both markets.

2.1. Efficient Market

The original theoretical formulation of the Efficient Market Hypothesis by Samuelson
in 1965 (Alajbeg et al. 2012) and its elaboration by Fama (1965) suggest that the stock price
reflects all relevant information at the time they are created. Stock prices are accidental
under “the random walk concept” developed by Bachelier (Malini 2019), which describes
the movement of a variable in which future changes cannot be predicted because they are
unsystematic. The Efficient Market Hypothesis, according to Fama (Malini 2019), refers to
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a weak, semi-strong, or strong form of information flow efficiency, that is, how quickly and
how accurate the market reacts to any new information.

“Unpredictable and coincidental price trends are no evidence of market irrationality,
but rather a consequence of intelligent investors competing in discovering significant
information before the rest of the market becomes aware of them” (Bodie et al. 2008,
p. 558). Technical and fundamental analyses are the main tools of stock exchange ana-
lysts and investors. The efficient market theory states that technical analysis is useless
(Bodie et al. 2008) because it seeks a repeating and predictable pattern in the movement
of stock prices. It also claims that the fundamental analysis in determining stock prices is
mostly useless. The general conclusion is that the Efficient Market Hypothesis (Mishkin
and Eakins 2003, p. 284) is “a good starting point, but it may not be the end of the story
and therefore cannot be generalised for all behaviour in the financial market”.

The anomalies observed in the capital market cast doubt on the Efficient Market
Hypothesis. The value effect, size effect, small-firm effect, January effect, market over-
reaction, excess volatility, and return to average value are some of the most frequently
investigated anomalies (Barbić 2010; Caporale et al. 2019; Parveen et al. 2020; Nurdina
et al. 2021). The size anomaly does not provide any opportunities for excess investor
returns in Germany, Spain, and Italy, but provides an opportunity for size anomaly ex-
ploitation in France (Pandey et al. 2021). The market overreaction anomaly shows that
(Mishkin and Eakins 2003, p. 283) “research indicates that stock prices can overreact to
announcements in the news and that pricing errors can only be remedied slowly. If cor-
porations announce a major change in earnings, such as a sharp drop, stock prices may
overreact, and after an initial significant decline, they can rise back to normal levels over
several weeks. This undermines the Efficient Market Hypothesis because an investor could,
on average, earn extremely large yields by buying a stock after the announcement of bad
earnings, and then sell it after a few weeks when it rises to the normal level again”. The
economic anomaly of the overreaction of markets and investors affects investors’ decisions.
“Investors who are overconfident and use representative heuristics overreact (Parveen et al.
2020, p. 224) to any new information that arrives in the market” and “make decisions under
the influence of such anomaly”. The overreaction anomaly strategies (Caporale et al. 2019)
are not profitable, and therefore the latter cannot be seen as inconsistent with the “Efficient
Market Hypothesis”. The excessive overreaction (Nurdina et al. 2021, p. 370) “is useful
in explaining many asset pricing anomalies, but personal information reacts more than
public information”.

The Efficient Market Hypothesis and anomalies leading to certain deviations are also
applicable to the cryptocurrency market. The capital market and the cryptocurrency market
are constantly influenced by systematic and unsystematic risks, that is, factors.

Systematic and unsystematic factors (Van Horne and Wachowicz 2008) are a constant
risk to investors trying to bridge them. Systematic factors affect the overall financial market,
as they lead to changes in national economies, such as tax reforms, changes in the global
energy situation, interest rate changes, industrial production, inflation, or exchange rates.
Unsystematic factors are unique for a particular society or industry and do not depend on
economic, political, or other factors. Some of the most significant unsystematic factors can
be a strike of company employees, new competitors who start producing almost the same
product, and a technological discovery that can make the existing product obsolete.

By effective portfolio diversification, unsystematic risks or factors can be reduced or
even eliminated for most of the stocks, because they account for about 50% of the total risk
(Van Horne and Wachowicz 2008, p. 105).

Apopo and Phiri (2021), based on the random walk model of stock returns, investi-
gated the weak-form market efficiency hypothesis for Bitcoin and four of the most dominant
cryptocurrencies (Ethereum, Litecoin, Bitcoin Cash, and Ripple). Their research confirms
that the daily series are generally market-efficient, except for Litecoin, but all weekly re-
turns are informationally inefficient. They conclude that (p. 9) “the cryptocurrencies are
not market efficient enough to be considered as a more formal exchange system and more
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regulatory intervention is required in cryptocurrency markets”. This research hypothesises
that limited Bitcoin production, and therefore its scarcity explained by S2F and S2FX meth-
ods in the situation of capital market development, strongly influences its constant growth,
and that the market overreaction anomaly in non-technical (half) information on Bitcoin
strongly affects the change in its value and deviations from the S2F model-based value.

2.2. Overview of the Previous Research

The aim of this paper is to investigate the influence of oscillations in Bitcoin market
values due to unsystematic factors and to present the most important research in this field.
Bitcoin first appeared in a scientific paper published in 2008 (Nakamoto 2008), where it was
theoretically designed. The first production of Bitcoins emerged in 2009. Many subsequent
studies have focused on understanding the factors affecting the value of cryptocurrencies
and, indirectly, understanding the present moment in the development of decentralised
financial platforms in which people are willing to lock (term) cryptocurrencies worth over
USD 12 billion, according to data from June 2021. The answer is multi-layered, but certainly
in the high yield area was realised through Yield Farming, and recognised management
possibilities with the risk of change in cryptocurrency value. The better we perceive the
situation and changes, the more capable we are of solving problems, and can thus become
more powerful (Adizes 2006).

Identification of the properties and value of cryptocurrencies, as well as the most
famous cryptocurrency Bitcoin, is an issue for scientists, economists, and legislators. There-
fore, before the very analysis of the influences on cryptocurrency value, it is necessary
to study Bitcoin features and answer the question of whether it is money or some other
type of asset. In their research, Glaser et al. (2014) focused on the capacity of Bitcoin as an
exchange medium in response to the question of how Bitcoin differs from cryptographic
money (Chaum 1983) and other virtual currencies. They found that Bitcoin was fairly liquid
because any currency could be exchanged for Bitcoin at any time, but because of its scarcity,
it has liquidity constraints like other commodities. Many authors (Böhme et al. 2015; Glaser
et al. 2014; Simser 2015; Wisniewska 2016) discuss Bitcoin as a digital currency and its
suitability to be used as money. Bjerg (2016) developed his Bitcoin analysis according to
the principle that Bitcoin is “commodity money without gold, fiat money without a state,
and credit money without debt”. Most investors consider their investments in Bitcoin a
speculative asset (Bjerg 2016; Glaser et al. 2014) and not a means of payment. The research
conducted by Glaser et al. (2014) confirmed the identification of cryptocurrency, that is,
Bitcoin as an asset rather than currency. International accounting standards (IAS) confirm
the opinion of Glaser et al. (2014) that cryptocurrencies, that is, Bitcoin, are assets, not
currencies. Cryptocurrencies can only be defined under IAS 38 Intangible Assets, which
defines intangible assets as non-monetary assets which are without physical substance and
can be identified separately. To meet the criteria for recognising cryptocurrencies as an
intangible asset under IAS 38, future economic benefits need to flow from the intangible
asset, the asset should be identified separately, and procurement costs can be determined.
Cryptocurrencies meet the identification criterion in the definition of intangible assets
because future economic benefits can also flow from their exchange, they can be identified
separately, and they have no physical substance as a virtual currency. Institutional investors
may, depending on their business model, evaluate cryptocurrencies under the provisions
of IAS 2, Inventories if they are intended for sale.

Generally, economists compare Bitcoin with gold—that is, it is often referred to as
“digital gold” (Dyhrberg 2015; Seys and Decaestecker 2016; Baur et al. 2017). Both gold
and Bitcoin have some internal value, but this value does not justify their current market
value. They get most of their value from the fact that they are scarce and expensive for
extraction. Gold is used to maintain investors’ asset values as protection against market
or legal currency oscillations, especially dollar oscillations. Kyriazis (2020) concludes
in his research that gold is a better and safer investment than Bitcoin. Whether Bitcoin,
as a leading cryptocurrency, may also serve to preserve investors’ asset values is the
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subject of numerous studies. In his paper, Dyhrberg (2015) determined the economic
capacities of Bitcoin in risk management, portfolio analysis, and currency options. It was
investigated whether Bitcoin behaves as a well-known financial asset or as something
between commodity and currency through the analysis of several aspects of its price
volatility by comparing Bitcoin with the value of gold and currencies, dollars, and euros.
The results suggest that Bitcoin return is more affected by the demand for Bitcoin as
a means of exchange and less by temporary price shocks, indicating similarities with
currencies. Bitcoin and gold are similar in terms of volatility of returns, although there are
also currency similarities. Hammoudeh and Yuan (2008) found that gold is much more
affected by the demand for jewellery and recycling, because it is a precious metal rather
than industrial metal, and less influenced by short-term shocks, that is, that good and bad
news have no asymmetric impact on the volatility of gold yields. Bitcoin is similar to gold
(Dyhrberg 2015), because it responds to similar variables, has similar protection options,
and reacts symmetrically to both good and bad news. Furthermore, the research found that
the position of Bitcoin on the market would be between gold and dollars and that Bitcoin
could combine some of the advantages of commodities and currencies on financial markets
and be a useful tool for portfolio management, risk analysis, and market sentiment analysis.
Seys and Decaestecker (2016) analysed 1645 daily observations in their research on Bitcoin
price variables between 01 July 2011 and 31 December 2015. Bitcoin price was set as the
dependent variable, while the independent variables were set as follows: the London Brent
crude oil price, the exchange rate between the American dollar and Chinese yuan, mining
difficulty, the exchange ratio, the amount of Wikipedia searches, the volume of Bitcoin
trade in China, the Cleveland Financial Stress Index2 (CFSI), and the price of gold. The
authors concluded that London Brent crude oil price and USD/CNY exchange rate are
statistically significant, and their price increase by 1% has a negative effect on the Bitcoin
price, that is, it reduces Bitcoin by 0.23%, that is, 0.05% to 0.12%. Mining difficulty has a
positive effect of 0.7% on the Bitcoin price. No impact of the price of gold on the Bitcoin
price was identified in the research, nor any link between the Chinese trading volume and
the Bitcoin price in USD. Baur et al. (2017) also found similarities between cryptocurrencies
and gold reflected through their possible shortages, expensive mining, the fact that they
have no government coverage, and decentralisation.

According to Kristoufek (2014), the formation of Bitcoin prices cannot be explained by
standard economic theories, such as the discounted cash flow model, purchasing power
parity, or uncovered interest rate parity, as there are several features of foreign currency
supply and demand. Therefore, the most extensive research was carried out on possible
internal and external factors affecting the price of cryptocurrencies, particularly the most
famous Bitcoin cryptocurrency (Panagiotidis et al. 2019; Poyser 2017; Kavvadias 2017;
Letra 2016; Hayes 2015; Kristoufek 2014; Bouoiyour et al. 2014).

Panagiotidis et al. (2019) concluded that uncertainty in economic policy and stock
market volatility are among the most important variables between 41 examined potential
drivers of Bitcoin returns. Internal and external factors affecting the Bitcoin price were
defined by Poyser (2017) in his research. The main internal factors are Bitcoin supply and
demand (Bitcoins in circulation, transaction volume, hashrates, and mining difficulties),
while external factors are divided into cryptomarket attractiveness (attractiveness, trend,
and speculation) and macro-financial factors (exchange rate, interest rate, price of gold).
The results show that Bitcoin price is negatively linked to the neutral sentiment of investors,
the price of gold, and the exchange rate of yuan against the U.S. dollar, while it is positively
linked to the stock exchange index, the USD exchange rate against EUR, and the fluctuating
signs among the search trends in different countries. In his research, Kavvadias (2017)
conducted regression analysis on a Bitcoin price sample, as a dependent variable, on a daily
and weekly basis in the period from 1 May 2014 to 12 June 2017. Hashrate, VIX index, that
is, the Chicago Board Options Exchange Volatility Index, the Global Market Portfolio (S&P
500 and MSCI World), price of gold, transaction volume, number of Bitcoins in circulation,
and Google trends were taken as an independent variable in the research. The analysis
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showed that hashrate (short-term daily) and the VIX index (short-term daily and weekly)
have a negative impact on Bitcoin value. The volume of transactions has positive effects on
Bitcoin price in short-term weekly analyses. The price of gold has short-term weekly and
long-term negative effects on Bitcoin price. Representatives of the Global Market Portfolio
(S&P 500 and MSCI World) have a long-term positive effect on Bitcoin price.

Letra (2016) also studied the impact on Bitcoin price using the Bitcoin price expressed
in U.S. dollars, collected daily from 26 June 2012 to 31 August 2015, as a dependent variable.
He grouped independent variables into three categories: attractiveness, economic and
technical variables, and macroeconomic factors. In the category of Bitcoin attractiveness,
he used data obtained by measuring the number of searches on Google and Wikipedia,
the number of messages on Twitter tagged “Bitcoin”, and automatic analyses of people’s
opinions on Twitter on the term “Bitcoin”. In the category of macroeconomic variables, the
author uses the price of gold, while in the category of economic and technical variables, he
classifies the ratio of the currency volume between the swap market and trade, the total
number of transactions in a day, the total number of Bitcoins in circulation, the average
number of transactions per block, miners’ revenues, the total number of unique Bitcoin
transactions per day, number of unique Bitcoin addresses used per day, difficulties in
finding a new block, and hashrate. The author concludes that the variables affecting
the Bitcoin price are the number of Twitter messages having a positive impact on the
value of 0.136169; Google searches having a negative impact of 0.02546441, and the total
number of Bitcoins in circulation that also has a negative impact on the value of 0.00000738.
Production costs have three main drivers (Hayes 2015) that affect the Bitcoin price, namely:
mining difficulties, production unit rate, and cryptographic algorithm power with an
emphasis on electricity cost. All the factors that reduce production costs negatively affect
the Bitcoin price. Kristoufek (2014) analysed the influence of cryptocurrency attractiveness,
cryptocurrency transaction volume, and the hashrate on the exchange rate between Bitcoin
and the U.S. dollar. The research found that hashrate and transaction volume have a
positive impact and attractiveness has a negative impact on the Bitcoin price. In their paper,
Bouoiyour and Selmi (2014) concluded that hashrate has a positive effect on the Bitcoin
price, while attractiveness (trends) has a negative impact. Many authors analysed Google
trends data (Kavvadias 2017; Polasik et al. 2014; Garcia et al. 2014). In their research, Polasik
et al. (2014) analysed Google trends data and concluded that Bitcoin price is primarily
influenced by its popularity, sentiment expressed in the news reports on cryptocurrency, as
well as the total number of transactions. Google trends are a statistically significant variable,
and a 1% increase in Google searches increases return by approximately 53 to 62 basis points.
The number of transactions is also a statistically significant variable that also influences the
Bitcoin price, while the correlation between the Bitcoin yield and the fluctuation of major
currencies is weak and statistically insignificant. In his paper, Jenssen (2014) provides a
similar conclusion that the Bitcoin price is the result of a limited supply with increased
demand. In their research (Garcia et al. 2014) conducted from mid-2010 to 5 November
2013 on Bitcoin price data and Google trends, they found that an increase in the search of
the term “Bitcoin” has a negative effect on the Bitcoin price. Kavvadias (2017) found that
Google trends have positive, short-term weekly effects and a long-term negative impact on
the Bitcoin price.

Social networks like Twitter, Facebook, or Reddit are the main tools for advertising
cryptocurrencies. The cryptocurrency industry consists of four sub-sectors: exchanges,
wallets, settlements, and mining, as reported by Cambridge University on global crypto-
graphic industry research (Hileman and Rauch 2017). Data on cryptocurrencies from social
networks, primarily Twitter, were analysed by (Park and Lee 2019; Lu et al. 2017; Thelwall
2017; Kim et al. 2016; Matta et al. 2015).

The analysis of social networks on the Twitter cryptocurrency account was used in the
research conducted by Park and Lee (2019). The main conclusions are that (1) measuring
the presence of cryptocurrencies on social networks may enable their more precise assess-
ment, (2) existing dominant cryptocurrencies attempt to strengthen their network in order
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to reduce the uncertainty market, and new participants try to establish new networks or
continuously expand their networks to reduce uncertainty, (3) there is a reasonable simi-
larity in patterns between optimistic sentiments in tweets and bull trends on the market,
and (4) it is too soon to conclude whether positive or negative sentiments are a guide to
predicting prices in the cryptocurrency market. In their research, Lu et al. (2017) collected
Taiwanese data from Twitter on cryptocurrencies for the period of 2013–2016. The most
important conclusions of the research are that, after 2015, negative sentiments became
predominant in the discussions as a result of hacking, which also increased the popularity
of debates on security. Thelwall (2017) found that mutual recognition and networking in
cryptocurrency communities can influence the overall success of individual cryptocurren-
cies. Kim et al. (2016) analysed online data (e.g., posts, responses, views, sentiments) of
the cryptocurrency community to predict price fluctuations. Their mathematical model
revealed that cryptocurrency prices had loopholes of approximately 8%, with the most
precise prediction being for Bitcoin. Matta et al. (2015) concluded that the scope of tweets
and data on Google trends correlated with Bitcoin prices. Although many consider de-
centralisation and non-regulation of the cryptocurrency market to be an advantage, this
may also be the main cause of high volatility because Bitcoin price depends solely on the
supply–demand relationship (Buterin et al. 2015, p. 11). Based on technical analysis, the
authors determined that its price would decline in the future and that it is not a good
investment opportunity, and that it has no future as a safe means of preserving value nor
as a global currency, but that there is still a possibility for the Bitcoin to be imposed as a
reliable and inexpensive way of transferring money. Desirable behaviours, rewards, and
increasing demand create the value of cryptocurrency (Yoo 2021). It was also pointed
out that “Bitcoin are choosing mining as a reward to secure scarcity for maintaining the
value of cryptocurrency, limiting the amount of issuance, and burning the already issued
cryptocurrency in the market”.

Weiss Ratings, an independent rating agency from the United States of America, also
publishes cryptocurrency ratings. A cryptocurrency rating model has been developed
based on four indices (Weiss Crypto Rating 2021a): (1) A crisis risk index based on price
volatility; (2) a fee index that takes into account the average investment income; (3) a
technical index that takes into account the content of the white book, Internet reputation,
the openness and flexibility of the source code, anonymity, governance, energy efficiency,
scalability, interoperability, and much more; and (4) a baseline index based on transaction
speed, market penetration, network security, decentralisation, network coverage, and
participation. According to Weiss Crypto Rating (2021b), on 23 July 2021, there was no
class A cryptocurrency. Ethereum had the highest overall rating of B +, and Bitcoin was
rated B.

In this time of high market volatility, Wyckoff’s rules (Dziadkowiec 2021) were verified
in relation to his price action market theory, which continues to be a guiding principle in
today’s commercial practice. In his first rule, Wyckoff states that the market is unique and
that market prices will never move in the same way as they did in a previous period.

According to the second rule, since each price shift is unique, its analytical importance
is compared to previous price behaviour. The Wyckoff method states that the price cycle of
the traded instrument consists of four stages—the accumulation phase, the markup phase,
the distribution phase, and the markdown phase.

Wyckoff highlights three laws that are the natural cause of the market cycle: (1)
Supply vs. Demand; (2) Effort vs. Result; and (3) Cause vs. Effect. Whenever there is
increased sales pressure caused by excessive supply, prices are likely to drop, and vice
versa. Trading quantity data represent an example of the effort vs. result relationship. If
there is an unusually large volume of trading, a large price shift can be expected. According
to Wyckoff, each cause leads to a proportional effect in the market. Volume is of great
importance for trading because it can provide valuable information about what is really
happening “behind the scenes”. Wyckoff’s volume analysis confirms the progress of events
during the price cycle.
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Within the Wyckoff method (Figure 1), there are five phases:

Phase A means stopping the previous downward trend. Up to this point, the
offer was dominant. This signals preliminary support (PS) and sales peak (SC).
Automatic purchase and active purchase then cause an automatic increase (AR).
SC and AR denote the trading range of the accumulation phase.

Phase B—The period in which the assets are accumulated.

Phase C—The stock price goes through a decisive test of the remaining offer.

Phase D—This is a passing phase and is the last opportunity for investors and
traders to buy at lower prices, and finally, there is last point support (LPS). This
is the highest low before the market breaks through the resistance levels. Signs of
support (SOS) occur where resistance prices used to be.

Phase E—Indicates an increase in market demand and an upward trend.

Following the decline in the Bitcoin price in May 2021, the Wyckoff Market Cycle graph
explains the evolution of the Bitcoin prices, that is, that Bitcoin then entered phase C
(Figure 1). After the price correction and its increase in line with Wyckoff’s graph, Bitcoin
entered phase D, where it is expected to grow further, but also undergo certain price
corrections. Legend: Phase A—Stopping the previous downward trend. Phase B—The
period in which the assets are accumulated. Phase C—The stock price goes through a
decisive test of the remaining offer. Phase D—This is a passing phase and is the last
opportunity for investors to buy at lower prices. Phase E—Indicates an increase in market
demand and an upward trend. PS—Signals preliminary support. SC—Sales peak. AC—
Automatic purchase and active purchase. AR—Automatic increase. LPS—Last point
support (LPS). SOS—Signs of support.
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Previous research has shown that cryptocurrencies have some characteristics of money
and can serve to preserve values (Frisby 2015) or they are only used for speculative
investment with a pronounced inclination to speculative bubbles (Cheah and Fry 2015).
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Polasik et al. (2014) found that popularity strongly affects the Bitcoin price, that is, that
an increase of 1% of the occurrence of the term “Bitcoin” on the Internet or in newspaper
articles increases the return by about 31 to 36 basis points, while newspaper articles
undermining the reputation of Bitcoin reduce its price.

Cryptocurrencies, that is, Bitcoin, are also used as a tool for risk limitation, but to a
limited extent. Urquhart and Zhang (2019) conclude in their research that Bitcoin is a haven
in unsafe times, but only for certain currencies, such as CAD, CHF, and GBP. In their re-
search, Wang et al. (2019) concluded that Bitcoin is a haven in relation to international stock
exchange indices, and Bouri et al. (2017) agree with regard to shares listed on the Asian
market at the time of their decrease in value. In their research, Arnerić and Mateljan (2019)
analysed two leading representatives of the capital market and cryptocurrency market, that
is, the S&P 500 stock index and Bitcoin, respectively. Recent research has confirmed that the
cryptocurrency market is a safe haven during periods of high volatility on the American
capital market. In the report “In Gold We Trust” (Stöferle and Valek 2021, p. 334) the authors
state that gold and Bitcoin are stronger together in the non-inflation solid money portfolio.
Furthermore, the authors (Stöferle and Valek 2021, p. 254) disagree with the allegations that
Bitcoin is new digital gold and consider Bitcoin and gold to be complementary assets, and
do not expect Bitcoin to replace gold as a means of preserving the value of investors’ assets.

3. Methods and Research

The research hypothesis is that, in a situation of capital market development, Bitcoin’s
scarcity explained by the S2F and S2FX methods strongly influences its constant growth,
and non-technical (half) information on Bitcoin affects the change in its value.

The empirical research analyses the influence of selected determinants of the S2F
and S2FX models and (half) information on Bitcoin value. The data necessary for the
preparation of the paper were collected in the period from 2010 to July of 2021.

Bitcoin is the first rare digital object. The final number of this cryptocurrency cannot
be increased, and any remaining, still undiscovered Bitcoins must undergo a procedure
in which miners seek a “hash” value that satisfies Proof-of-Work (PoW). This fact made it
special in the digital world at the beginning of 2009. The model, that is, the ratio of stocks
to annual production, the so-called “Stock-to-Flow (S2F)” model, based on this paradigm,
was presented about 10 years later in 2019, and explains at the fundamental level why
the first digital object created is so valuable. The Stock-to-Flow model was created by an
anonymous Twitter user called Plan B. The model is the calculation of the ratio based on the
existing total supply of assets in relation to the annual new quantity of the entry of assets
into circulation. The greater the ratio, the more time it takes for new property production,
in our case, Bitcoin, to meet current demand, which increases its scarcity.

Although the idea behind this model is quite simple and easily understandable, the
model was not accepted because of the frequent and very unpredictable oscillations in
the market price of Bitcoin in comparison with the price calculated based on the formula
presented by Plan B. The S2F indicator implies that the increase in the shortage or scarcity
of an object, in this case, Bitcoin, continues to increase its price. In a nutshell, the model is
based on the linear regression function: ln (BTC market value) = 3.3*ln (SF) + 14.6, and can
be written as a power law function:

BTC market value = exp (14.6)*SFˆ3.3. (1)

The possibility of applying the power law from 95% R2 to eight rows of size provides
credibility to the model. The power law is a relationship in which a change in one variable
causes a proportional change in another variable, regardless of the original value of these
variables. For every halving, Bitcoin SF doubles and market value increases 10 times, which
is a constant factor in the described model.

Limited supply, that is, the production of Bitcoins in relation to the total supply of
21 million Bitcoins with the current circulation of 19.5 million Bitcoins, creates increased
demand due to promising profits resulting from the price projected by the S2F model.
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Most of the time, and to a large extent over the past 10 years, the S2F model followed
the Bitcoin price, with occasional strong oscillations, as shown in Figure 2. This has led to
an intense discussion of model values. The S2F model is partly the reason why institutional
investors have also become involved, to a certain extent, in the field of buying and selling
cryptocurrencies, although many believe that oversimplification of supply and demand is
an unreliable reason for investment and point out the shortcomings of the model.
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There are two series in Figure 2: (1) End-of-day price: Coloured dots represent the
actual end-of-day price (right-side Y-axis) in the selected currency. Different colours are
there to indicate how many days are left until the next halving event. The colour scale
is presented vertically on the right side of the chart. (2) Stock-to-flow 463 days: It has
already been mentioned that stock-to-flow is a relationship between total stock and yearly
production. Stock-to-flow value is then calculated.

For some other assets, such as gold, the current S2F ratio is about 62, which means that
it would take 62 years of gold production to produce the current total existing quantity of
gold in circulation. By comparison, silver has a ratio of 22 (Stöferle and Valek 2020, p. 225).
The Bitcoin ratio in May 2020 was 58.9, after the network went through the third halving
in 2020, reducing the miners’ reward from 12.50 to 6.25 Bitcoin. Miners’ rewards are an
important feature of the Stock-to-Flow model. Raw materials such as gold and silver are
struggling with a significant increase in supply that includes a gold prospecting process
and ore mining containing precious metals. It is a very expensive process that takes a lot of
time and has become more demanding financially.

The Stock-to-Flow model has been compared to Moore’s law. Additionally, several
comprehensive analyses of the Stock-to-Flow model have been conducted. It was analysed
by Fidelity Digital Assets, In Gold We Trust (Stöferle and Valek 2020), and, for example,
BNY Mellon (Carney 2021), the world’s largest custodian bank, with more than $25 billion
in assets, according to this model in its Bitcoin price forecast report. The shortcomings of
this very simple model certainly exist. Due to strong market price fluctuations in relation
to the price estimated by the S2F model, some analysts consider the theory impossible to
refute because any price can be attributed as evidence that the model is correct.

Cardero (2020) points out that the “model is based on the claim that the market
capitalisation of monetary goods (such as gold and silver) was derived directly from
their new supply rate”. The fund manager claims that no evidence or research have been
provided to substantiate the S2F model, except for unique data points selected for the

https://stats.buyBitcoinworldwide.com/stock-to-flow/
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planning of the market capitalisation of gold and silver in relation to the Bitcoin trends.
Cordeiro also highlights the problems with Plan B’s claim that the price of gold continues
to rise as scarcity increases. However, the market capitalisation of gold oscillated between
$60 billion and $9 trillion, while the stock-to-flow ratio oscillated at these prices.

Unlike Cordeiro’s opinion, it is evident (Figure 2) that in the past 10 years, BTC has
followed the value determined by S2F, and this paper investigates the reasons for occasional
oscillations and finds them in (half) information appearing in the market.

After the 2019 S2F model, the S2FX Model was developed in 2020 in another attempt
to explain market value oscillations in relation to the S2F price projection model (Figure 3).
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Each of the four identified Bitcoin clusters has a very different combination of S2F
market values that seems to be correlated with halving and changing the Bitcoin story:

BTC “Concept Confirmation” (S2F index value—1.3 and market value of $1M);

BTC “Payment” (S2F index value—3.3 market value of $58M);

BTC “E-Gold” (S2F index value—10.2 market value of $5.6B);

BTC “Financial Assets” (S2F index value—25.1 market value of $114B).

To compare S2F values of precious metals:

Silver S2F 33.3 (900,000/27,000 tones) with market capitalisation of $561B;

Gold S2F 58.3 (190,000/3260 tons) with market capitalisation of $10,088B.

The S2FX model formula can be used to assess the market capitalisation of the follow-
ing BTC phase/cluster (BTC S2F will be 56 in 2024):

Market capitalisation = exp (12.7598)*56ˆ4.1167 = 5.5 T $. (2)

Market capitalisation makes the predicted BTC price (in view of the 19 million BTC in
2020–2024) approximately 288,000 USD.

In his paper, Plan B further strengthened the basis of the current S2F model using the
S2FX model by removing time and adding other assets (silver and gold) to the model. This

https://stats.buyBitcoinworldwide.com/s2fx/
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new model is called the BTC S2F cross-asset model (S2FX). The S2FX model enables the
evaluation of various assets, such as silver, gold, and BTC, according to a single formula.

4. Results and Discussion

After a thorough analysis of the impact of systematic and unsystematic factors on
Bitcoin value and analysis of the identified shortcomings of the S2F and S2FX models,
we have noticed that strong oscillations of Bitcoin values shown in Figure 1 around its
value determined by the above models usually occur at the time of the emergence of (half)
information that affect its value as an unsystematic factor. Having determined, through
multiple regression analysis, the times in which this oscillation was the strongest or lasted
longer, we established that each of these deviations could be explained by one of the global
messages, news, or (half) information that preceded strong oscillations. Similar deviation
differences are also present in relation to the S2FX model, which once again and in this
way confirms the hypothesis that global (half) information are the ones that influence the
oscillations of values around the S2F or S2FX models to the largest extent.

This research has developed a model that was used to calculate the estimated value
using formulas for the calculation of the estimated market value (PV) according to the
S2F and S2FX models using the daily ratio of the total number of Bitcoins (S) and the
remaining Bitcoins for mining (F). The differences in values (RV) between the estimated
market value (PV) and the achieved market value (TV) in a certain period of existence of
(half) information were summed up in a certain period and we thus received the value
of SV marking the significance of the information, that is, its impact on the change in the
value of TV.

Short description of the model:

1. S = number of coins in a period of time;
2. F = remaining number of coins for mining;
3. S/F—stock-to-flow index;
4. PV (estimated value) BTC = exp (14.6) * SF ˆ 3.3;
5. Square root RV (difference in value) = (PV—TV (market value) BTC) ˆ 2;
6. SV (sum of RV in a period in which (half) information caused oscillations about the

value) marks the significance that the information left on the BTC value.

Considering the obtained calculations of the SV value, it became evident that (half)
information do not only have a significant effect on the BTC value, but that, in some cases,
this effect lasted longer, with a lower or higher intensity being calculated. It has been
observed that oscillations last for up to two years (the value increased in the period from
2013 to 2015, or up to about half a year (the value decreased in 2019). According to historical
data, the recent strong deviation that has lasted for the past three months should end in
autumn of 2021 at the latest, because time flow is apparently the only factor that restores
the Bitcoin value into the framework of the S2F, that is, the S2FX model. The time needed
to return the Bitcoin value to the values determined by S2F and S2FX models depends on
the type of information and whether it is information based on true or false data. In any
case, it can be concluded from historical data that, regardless of the information provided,
over time, the market calms down and returns to the values predicted by the S2F model
using a simple formula.

In this research, it focused on a total of eleven news that strongly affected the Bitcoin value.
Table 1 chronologically lists all such (half) information with the initial date of their

publication. After such news, the Bitcoin value became global, and the Bitcoin value should
have been valid at the time, assuming that the market value is determined exclusively
based on the S2F and S2FX models.
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Table 1. The selected significant (half) information that had a strong impact on Bitcoin value and the difference in relation
to the estimated value according to the S2F in the period from 2011 to 2020.

Ord. No. Date
Prices

According to
S2F Model

Market
Value

Relative
Deviation from
Market Value

Source Short Description

1. 10 April 2013 20.45 201.52 885% (Peck 2012)

Increase in acceptance of Bitcoin, second
serious separation from S2F. The first is hard
to explain with the news because the market

was very small and not much capital is
needed for it to move to the price above S2F.

2. 02 December
2013 71.77 1022.95 1325% (Gibbs 2015)

People start to realise thst it is possible to
earn exceptional amounts of money through
Bitcoin and that this is just the beginning of

this revolutionary technology.

3. 06 June 2014 134.77 650.41 383% (McKinnon and
Tracy 2014)

The IRS had classsified Bitcoin into the assets
class, after which the investors realised that

cryptocurrency has earning potential
although they are obligated to pay taxes.

4. 25 August
2015 343.29 220.36 −36% (O’Brien 2015) Because of this FUD, Bitcoin fell under the

S2F level for the first time after 2012.

5. 16 June 2016 460.11 762.17 66% (Hunter and
Deng 2016)

China had a great influence on the
cryptomarket at the time, and the news of

adding a billion dollars to market
capitalisation at the time stirred excitement

among investors.

6. 28 March
2017 1562.87 1044.25 −33% (Mackintosh

2017)

The Winklevoss brothers wanted to report
the BTC to ETF, but they were rejected, and

that is when the Bitcoin value became
questionable in the public.

7. 17 December
2017 5875.96 19,065.00 224% (Hawkins 2017)

Bitcoin was moving below the S2F curve and
this news sparked a bullish sentiment and
pushed Bitcoin from the price of 1044$ to

approximately 20,089$, which means that it
grew almost 20x in approximately 9 months.

8. 14 December
2018 6784.32 3253.46 −52% (Mora et al. 2018)

The drop below the S2F line instigated a
research according to which Bitcoin mining

could increase global warming by 2 ◦C.

9. 10 July 2019 7867.50 12,099.12 54% (Financial Times
2019)

The Financial Times promotes Bitcoin as a
bond of our age.

10. 12 March
2020 8600.12 4106.00 −52% (Bursztynsky

2020)

The COVID-19 crisis has affected the prices
of everything, including Bitcoin. When
Warren Buffet additionally depreciated

Bitcoin, it created an exceptionally negative
sentiment in the market and pushed Bitcoin
again below the S2F curve by more than 50%.

11. 12 May 2021 81,112.68 33,804.20 −58% (Kolodny 2021)

Elon Musk initiated the bear market by
announcing that Tesla will not be accepting

Bitcoin transactions because they are not
eco-friendly, which was complemented by
the situation with Chinese miners, which

together led to the lowest point in relation to
S2F (excluding the situation before 2012).

Source: Authors according to different sources.

A relative difference, source, and brief explanation of what it was and how it affected
the Bitcoin value are presented for each of these pieces of news.

The market price under the influence of various information affecting price deviation
from the S2F model can be presented as an equation:

X = S2F*(-%) negative information, that is, X = S2F*(-%) positive information. (3)
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Several pieces of information should be singled out in the analysis which, from the
temporal perspective, had the longest impact on the deviation of values. In Table 1, this
is information under the ordinal number 2, which was one of the first ones to inform
potential buyers about the sudden rise in Bitcoin value over a short period. For example,
the Guardian (Gibbs 2015) published: “The meteoric rise in Bitcoin has meant that within
the space of four years, one Norwegian man’s $27 investment turned into a forgotten
$886,000 windfall“. A large amount of such news in 2013 and 2014 held the Bitcoin value
strongly above the values calculated based on the S2F model.

The information under ordinal number 8 from the end of 2018, published based on
the research from October (Mora et al. 2018), strongly influenced the temporary decline in
Bitcoin prices in relation to the value determined by the S2F model over several months.
Namely, the Nature Portfolio website published the following information: “Bitcoin is a
power-hungry cryptocurrency that is increasingly used as an investment and payment
system. Here we show that projected Bitcoin usage, should it follow the rate of adoption of
other broadly adopted technologies, could alone produce enough CO2 emissions to push
warming above 2 ◦C within less than three decades”. This, and similar news about the
impact of Bitcoin mining on climate change strongly kept the Bitcoin value below its value
according to the S2F model for several months, until the Bitcoin market value reached the
S2F value again in spring of 2019.

5. Conclusions

According to the research results in this paper, unsystematic factors defined by S2F
and S2FX models and global (half) information on Bitcoin values have a strong impact
on the value of the first BTC cryptocurrency. The impact of unsystematic factors defined
by the S2F and S2FX models is dominant. However, given the complexity of the system,
numerous systematic and unsystematic factors influence the value of cryptocurrencies
and thus, indirectly, the trend of creation and implementation of decentralised digital
financial platforms (DeFi) based on various blockchain protocols. Understanding the
impact of various factors on the value of cryptocurrencies is of crucial importance in
financial infrastructure. The research confirmed the hypothesis of this paper that, in
a situation of capital market development, BTC should grow in accordance with the
methodology described in the S2F and S2FX models. However, global non-technical (half)
information on Bitcoin strongly affects the change in its value. Furthermore, the research
theoretically confirmed that the development of the financial market is a precondition
for verified trends, but that it is necessary to continue the research to determine to what
extent the developed, that is, highly capitalised financial market ensures constant growth
of Bitcoin in accordance with the defined methods and influences.

Limitations in the paper originate from the complexity of the environment concerning
the impact on the value of cryptocurrencies, relatively new and insufficiently in-vestigated
S2F and S2FX methodology, numerous systematic and unsystematic factors that could
potentially affect the BTC value, and the anonymity of the authors of the above-mentioned
model. Further research should completely exclude the impact of other systematic and
unsystematic factors on cryptocurrency value.

Therefore, it is evident that, currently, until the community has found a way to contain
excess Bitcoin value, this cryptocurrency cannot serve as a means of preserving the value
of assets to small investors; it can only serve speculative investments.
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