2021 International Conference on Electronic Business Management and Education Engineering (EBMEE 2021)

Returns on Cryptocurrency, Stock Market, Exchange Rate and Monetary
Instruments

Hongzhe Wen?, Yochanan Shachmurove? *
!Blue Ridge School
2The City College of The City University of New York
*Corresponding author 921680665@qg.com

Keywords: Bitcoin; Cryptocurrency; Digital Currencies; Blockchain; Ethereum; Exchange Rates;
Gold; Interest Rates; Consumer Price Index; Producer Price Index; Stock Markets; Industrial
Production Index; China; USA

Abstract: This paper analyzes the dynamic relationships among 15 cryptocurrencies and other
financial instruments as well as macroeconomic variables, such as stock market indices, interest rates
and exchange rates. Cryptocurrencies, decentralized digital tokens, are based on blockchain
technologies. Participants in financial transactions in these markets avoid the use of exchange
intermediaries. These markets are highly volatile. Research indicates that volume and market
capitalization is closely related to the price of the cryptocurrencies. In addition to that, foreign
exchange rates and the stock markets have a large contribution to the volatility of the cryptocurrency
market.

1. Introduction

The aim of cryptocurrencies is to build a completely decentralized transaction system based on
blockchain technology. This new payment system that can perform peer-to-peer transactions, has the
characteristics of anonymity (Yelowitz and Wilson, 2015; Wilson and Yelowitz, 2014). On October
31, 2008, Satoshi Nakamoto created Bitcoin (Nakamoto, 2008). The first commonly acknowledged
transaction that showed the value of Bitcoin occurred on May 22, 2010. The preliminary purpose of
the invention was to form a trustworthy transaction system, but it slowly has turned into a financial
asset similar to gold (Dyhrberg, 2016; Baur et al, 2018; Qin et al, 2021). Since then, market
capitalization has increased rapidly to 1.08 trillion USD by May 9, 2021. Its price has once passed
64,779.38 USD on April 4, 2021. Because of its unpredictable behavior and high returns, Bitcoin
attracted plenty of speculative investors. Moreover, the use of Bitcoin and other cryptocurrencies has
fanned curiosity from researchers. .

As the application of cryptocurrencies spreads, policy makers start to look into their effects on the
macroeconomic environment. Generally, governments have a negative attitude towards
cryptocurrencies. The U.S. and the Chinese governments are two leading countries openly
discussing (Cvetkova, 2018; Perkins, 2018) the disturbance brought by this new asset category. As
for the US government, the Congress is debating its macroeconomic and financial effects, including
market manipulation, uninformed retail investment, and illegal activities facilitation. As for China,
the government has forbidden trade in cryptocurrencies on the mainland (Hong Kong and Macau
allowed).

Cryptocurrencies present a potential negative impact on the government’s monopoly power, i.e.,
threat to seigniorage. The widespread use of these cryptocurrencies makes government regulation a
necessity in the near future. One possibility is for governments to issue their own cryptocurrencies,
backed by the power of the state and the blockchain technology (Allen et al., 2020; Perkins, 2018).
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This process is already activated—the Chinese central bank has invented a Digital Currency
Electronic Payment system based on the existing blockchain technology (Peters, 2020; Shi and Zhou,
2020). Although still uncertain whether the system will become the dominant payment method, the
Chinese government’s adoption of the technology, which also supports typical cryptocurrency, has
signaled the technologies’ possible wide application in digital assets or payment in the future.

Currently, over 8,000 cryptocurrencies have been invented, majority of which have their own
unique applications and closed networks. For example, Ethereum aims to establish a trustful
framework for message processing (Wood, 2014); Dogecoin has a block production speed of one
minute, which is 10 times as faster than Bitcoin so it can be used as tips payment (Chohan, 2017);
and Filecoin (Benet, 2017), a decentralized storage system, is a symbol of personal data privatization.
Moreover, the network and the blockchain technology can hold decentralized finance (DeFi) and
decentralized applications (DApps). This replicated infrastructure can provide financial services
without any intermediaries (Schar, 2021).

This paper applies a linear regression model to discover the relationships between the
cryptocurrency market and other possible related macroeconomic indices. A strong correlation
between financial indices and the cryptocurrency market can help predict the upcoming tendency and
behaviors of the cryptocurrencies. Therefore, this work can contribute to the existing literature by
analyzing the effects of multiple variables, ascertaining causes of markets’ characteristics and
enabling market participants to adequately construct an appropriate portfolio.

The remainder of the paper is organized as follows: Section Il reviews the literature; Section Ill
describes the methodology. Section 1V details the data sources. Section V presents the results. Section
VI concludes.

2. Literature Review 541

Multiple cryptocurrencies are on the market. Wood (2014) introduces, defines and discusses the
protocol of Ethereum. Chohan (2017) presents the historical evolution of Dogecoin. Among
economists who investigate the cryptocurrency market is Jinan Liu (2019), who applies GARCH-in
models to examine the historical price and the interconnection between the volatility of the
cryptocurrency market and other financial markets. He finds spillover effects of the US financial onto
the cryptocurrency markets. Yi et al. (2018) investigates the volatility connectedness of the
cryptocurrency market, which exhibits the connection between Bitcoin and other 51 currencies, and
the unexpected result has shown that some unnoticeable cryptocurrencies can determine the short-
term price of the popular types. Dyhrberg (2016) indicates that Bitcoin has a place in the financial
market and classifies somewhere between the US dollar and gold for the purpose of pure store of
value. Shahzad (2019) performs a study on whether Bitcoin is a better choice as a safe-haven
investment. The result exhibits that Bitcoin, general commodity index, and gold are weak safe-haven
investments and vary based on the time difference and different markets. Qin (2021) investigates the
relationships between Bitcoin and changes in economic policy of various countries. He ascertains a
positive reverse impact of the Bitcoin return and the uncertainty of the global economy. According
to Szetela et al. (2014), no long-term but a weak short-term relationship exists between the volume
of cryptocurrencies and the overall trend of the market, which eliminates the possibility of predicting
future behavior of the cryptocurrency market based on the volume.

The blockchain technology that derived originally from Bitcoin can build a closed network and
develop various uses. One such use is Decentralized Finance (DeFi) which is a financial infrastructure
based on the blockchain technology that is controlled by decentralized applications (DApps). DeFi
may be a flourishing translucent financial infrastructure in the future due to its properties in terms of
efficiency and accessibility according to Schar (2021). Noda (2021) demonstrates the evolution of
efficiency for the majority of the existing cryptocurrency market. Adaptive Market Hypothesis
(AMH) of Lo’s (2004) has been confirmed based on his examination, which explains to the investors
the value of the cryptocurrencies as financial assets.



Yelowitz, Wilson (2015) and Wilson, Yelowitz (2014) seek the tendency of users who searched
and needed the information about Bitcoin. The result reveals that computer programming enthusiasts,
criminals, investors and libertarians are the people who will most likely look for information about
Bitcoin, which means that people such as criminals can also apply it as a tool for their illegal activities.
Due to similar concerns, governments’ attitudes toward the cryptocurrency application seem
negative. Allen (2020) conveys a survey result and points out possible regulations and policies due
to the potential of blockchain technology being disruptive to the financial system. Perkins (2018)
discusses the policy of cryptocurrencies and potential threats to the US government. Widespread use
of cryptocurrencies may lead to serious effects on the financial market of multiple countries if any
government forbids it or controls it. Shi and Zhou (2020) introduces the Digital Currency Electronic
Payment (DCEP) that was recently designed by the central bank of China. Its current form can still
match the demand of the central bank and the market even though the system is incomplete.

3. Methodology 726

This paper aims to discover the relationships between the cryptocurrency market and other
financial indices. For the calculation, the paper applies linear regression analysis to the top 15 most
popular cryptocurrencies, four stock market indexes, five exchange rates and treasury yields with four
different maturity dates. The model assumes daily return on each cryptocurrency (defined as defined
as re=[In(Pt)-In(Pt-1)]*100) as dependent variables and all other variables as independent ones.
Admittedly, the variables that affect the dependent variable are not certain. In other words, there is a
possibility that other related variables are not included in the model.

The model’s first run includes all independent variables in the hypothesis and the second run
includes only variables with low p-value. Correlation matrix is applied to verify the result.

The paper constructs four hypothesis:

1.  Market capitalization and volume:

a.  When the market capitalization of a cryptocurrency increases, the rate of return of the
cryptocurrency increases.

b.  When the volume of a cryptocurrency increases, the rate of return of the cryptocurrency
decreases.

Since market capitalization is defined as price times volume, price increases market capitalization,
holding volume constant. Trading volume, in the real life market, should be determined by price
because when the price drops, more investors are willing to buy or sell cryptocurrencies; when the
price increases, more investors are willing to hold the cryptocurrencies and less investors will but
them because of its high price. However, trading volume is set as independent variables in the model
for consistency. Therefore, due to the correlation effect, trading volume should have a negative impact
on the cryptocurrency market, though the inverse relation needs to be kept in mind.

2.  Treasury yields:

a.  As for 10-year treasury yield, when it changes, there will be no significant influence made
to the price of cryptocurrency.

b.  As the term of the treasury yields becomes shorter, the influence of it on cryptocurrencies
will get stronger.

c.  When three-month treasury yield increases, the close price of the cryptocurrencies will
decrease.

For treasury yield, the data of ten-year, five-year, one-year and three-month treasury yield are
included. Major investor groups for treasury security and emerging alternative investment
instruments (including cryptocurrency) are different, with treasury bonds investors more conservative
while cryptocurrencies investors more speculative. Therefore, the cryptocurrency return rate is
unrelated to treasury yields.

3. Stock Market:

a.  When the rate of change of the Shanghai composite index increases, the rate of change of
cryptocurrencies increases.



b.  The rate of change of gold will cause the rate of change of cryptocurrency to move up.

c.  Wilshire and NASDAQ’s rate of change will have the same action as the cryptocurrency
market has.

Stock market shares similar characteristics with the cryptocurrency market (high return, high risk)
though cryptocurrency has higher volatility. Therefore, stock can act as an alternative to
cryptocurrency when people hold bullish investor sentiment. From these similar points, the
cryptocurrency market may have a similar fluctuation in its price.

4.  Foreign exchange rate:

a.  Any change in the foreign exchange rate will strongly influence the cryptocurrency market.
When the foreign exchange rates drop, the rate of change in the cryptocurrency market will increase.

The volatility of foreign exchange rate and the cryptocurrency market may display a negative
correlation because of the basic settings of the cryptocurrencies. The maximum number of
cryptocurrencies units is set when the cryptocurrency type is created initially, which may cause
deflation in the future. Further, less cryptocurrency will be traded in the market as people keep losing
these cryptocurrencies (if the property is not saved in an exchange but remains in your hardware
wallets; the cryptocurrency will be permanently lost if the password is forgotten). Although the
ultimate number of coins did not make a great impact in the past, as each cryptocurrency reaches the
maximum amount, the close price of a cryptocurrency will increase exponentially when the foreign
exchange rate increases.

4. Data 455

The paper uses data for 15 high-frequency cryptocurrencies (Bitcoin (BTC), Ethereum (ETH),
Cardano (ADA), Binance Coin (BNB), Ripple (XRP), Uniswap (UNI), Litecoin (LTC), Chain Link
(LINK), Dogecoin (DOGE), Stellar (XLM), AAVE (AAVE), EOS, Cosmos (ATOM), Cryptocom
Coin (CRO), and USD Coin (USDT)) from April 29, 2013 to February 27, 2021. The data encompass
closing price, market capitalization, and volume of the cryptocurrencies from
kaggle.com/sudalairajkumar/cryptocurrencypricehistory.  Cryptocurrency with low  market
capitalizations and without enough trading data for econometric analysis are filtered out.

In addition, the other set part of the data of common financial intermediaries includes exchange
rate of five representative foreign currencies (Euro, CHF, CNY, JPY, GBP, and USD), price of stock
market benchmark (NASDAQ, SSE, and Wilshire), gold price, and treasury yields (10 year, 5 year,
1 year and 3 month). The starting dates of these data are the same as cryptocurrencies in order to
make comparisons. Chosen variables are either commonly used measures in the overall market or
essential indices in each country.

Table 1 presents descriptive statistics for each cryptocurrency. Overall, major US macroeconomic
indicators are comparatively stable. The range of the exchange rates and those macroeconomic
indicators, which have a lower range, have a more stable market and predictable behavior. As for the
majority of cryptocurrencies, NASDAQ, and SSE compared to the other indices were relatively high.
Additionally, the standard deviation of Bitcoin, Ethereum, and the stock market all have an
unexpectedly high value, which means that the price of these two currencies are either far above or
far lower than the mean of the currency. In contrast, no other currencies had extreme values like the
dominant cryptocurrency types. Large standard deviation values of the two leading cryptocurrencies
show that the prices are far away from the mean, indicating the high risk of investment on these two.
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However, not all of the measures are the same for the stock market and cryptocurrency market.
Every cryptocurrencies is right-skew and all of the other measures are displayed as left-skew. At this
point, the exchange rate, stock market and treasury yields have a surprisingly similar performance.
SSE and exchange rates presented a left-leaning curve, which demonstrates longer tails. Right skewed
for cryptocurrencies means that for most of the time, the price is under the median value of the price,
and the price rarely goes high.

5. Result and Discussion

Table Il presents the summarized result after running the regressions. The coefficients in the graph
were labeled with asterisks (* means the p-value of the variable is below 0.1 but larger than 0.05; **
means the p-value is higher than 0.01 but less than 0.05; *** means the p-value is below 0.01). The
coefficients can be used to estimate the rough line that represents the relationship between different
variables. The return on cryptocurrency may be affected or affects other variables as well.

11



Insert Table Il here.

Market Exchange =~ Exchange = Exchan Exchang Exchan Treasury = Treasury = Treasury  Treasury 3 s NASDA Adjusted r
Volume Capi‘:{ileaﬁoﬂ CNY CHF geJPY | eGBP geEuro  10yr Syr 1yr mon Wilishire | - Gold Q SSE squared
- *
BTC 0.153** 100,;112 1.352% 0'169 -0.023* 0.023* -0.019* 0.994
*
ek - *
en . BT o0 7.903 0.9903
*%x
- 0.0200
ADA -8.996** 178.30%
> 9
- *
eng 0211+ 101070 - 4170%+ 0.993
*
Kk *k
xpr 0-3537* 60.064 0.6717
- Hk
LTC 0.445%** 98'9,}9 3.972%%% 0.9913
*
- ek = - *
DOG o ggorx 11449 24.033* 1.950% 2282% 334x g.195+ 0.8795
* * *%
~ Kok - - * *
LINK 0 0o 96'785 20,813+ 0.387* 0'228 7'7,?8 0.9869
. el *%
*x - -
xam ossees OM2T o163 sreser 107 sags 2% 24s5+ 1904 0576 0543+ 69.938 13.957 6230 °2° 0.4751
*%x 2
- " - - * -
EOS  1.028** 100,;142 0.472*  0.624* 1‘224 0.148* 0.991

* * *k *k

Bitcoin (BTC) has an adjusted r-squared value of 0.994. Most of the variables such as market
capitalization, the exchange rate of CHF and JPY showed a positive correlation with BTC.
Specifically, market capitalization has a coefficient of over 100, which verifies the previous
hypothesis that the price of Bitcoin increases when market capitalization increases. In contrast, the
volume has a low negative coefficient, which indicates that when volume increases, the price
decreases slightly. These results completely matched with the hypothesis that was mentioned in
Section I11. For treasury yields, the relationship between them and BTC is weak, so any change to
treasury yield will not seriously influence the price of BTC.

For Ethereum (ETH), volume and market capitalization has a similar coefficient as BTC, the CNY
exchange rate and Wilshire can influence ETH in an unexpectedly large way. ETH has an adjusted r-
squared value of 0.990. Although the volume cannot affect ETH as much, CNY exchange rate, which
has a large negative coefficient value, shows that a slight change may cause a drastic decline in the
price of ETH. Therefore, investors need to pay attention to the change in the exchange rate of CNY.
This result did not match with our expectation on foreign exchange rate.

ADA is a special case. The coefficient of ADA’s market capitalization is the only negative one. In
addition to this, the result indicates a strong negative relationship between ADA and the exchange
rate of GBP. ADA has a low adjusted r-squared value of 0.020, suggesting that the data of ADA does
not fit with the curves well.

BNB has an adjusted r-squared value of 0.993. Wilshire and the exchange rate of Euro affect the
price of BNB. The exchange rate of Euro makes a negative impact, which disagrees with the previous
hypothesis. The coefficient of Wilshire for BNB is less than ETH’s, which infers that the volatility
of BNB may be similar to ETH and Wilshire but in a narrower range.

XPR is the only cryptocurrency which exhibits no correlation with independent variables other
than volume and market capitalization, and it has an adjusted r-squared value of 0.672. In addition,
XPR is the only cryptocurrency that obtains a positive correlation with its volume. As for the other
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cryptocurrencies with a negative correlation with their volume, investors may sell it when the price
drops. But for XPR, people tend to buy more when price drops, which means that there are valuable
aspects about XPR and attract more investors to expect an increasing price.

LTC has an adjusted r-squared value of 0.991, and it shows a similar performance as ETH. The
difference between them is that LTC is strongly connected to the changes in gold price. A positive
coefficient demonstrates that when the gold price moves up, the price of LTC will move up at a faster
speed.

DOGE has an adjusted r-squared value of 0.800. Except for volume and market capitalization,
which shows no difference with the previous cryptocurrencies, treasury yields seem related to the
volatility of DOGE. It is interesting that ten-year, one-year and three-month treasury yields have
negative coefficients, but five-year treasury yield has a positive coefficient. The reason for this result
remains unclear.

LINK has an adjusted r-squared value of 0.987, and its volatility is related to market capitalization,
exchange rate of GBP, five-year, one-year treasury yield and gold price. The coefficient of volume is
comparatively small. With a coefficient value of -20.813, the GBP exchange rate will make a strong
impact on LINK, which is similar to ADA but not as distinct. The coefficient of the five-year treasury
yield for DOGE is the only one that is adverse to other treasury yields. Yet for LINK, the coefficient
of five-year treasury yield turns out to be negative, and the one-year treasury yield is positive.
Unfortunately, the reason stays obscure because of insufficient information.

A wide range of connections with different variables indicates that XLM’s price is extremely
complicated to predict. Market capitalization for XLM is only half as much as for other
cryptocurrencies. CHF exchange rate and NASDAQ are the two variables that have a negative
coefficient among other foreign exchange rates and stock markets respectively. Ten-year and three-
month treasury yields have negative coefficients at this point. XML has a comparatively low adjusted
r-squared value of 0.475, which represents that these variables cannot be explained by the total
equation well.

Last, EOS has the smallest coefficient for volume, and treasury yield displayed a connection with
its price as well. EOS has an adjusted r-squared value of 0.991. In this case, the volume of EOS has
a negative coefficient that is over one, which signifies that the volume will seriously impact the price
of EOS because the coefficient was calculated based on the rate of return instead of on the price. One-
year treasury yield, for EOS, became the sole one with a negative value, but the other treasury yields
are all positive.

The cryptocurrency market, compared to the stock market, shares some similarities in that the
market may be influenced by exogenous shocks or unstable economic conditions. The BTC market
collapse on March 13, 2020 is one example that was caused by economic regulation and the pandemic.
Figures 1, 2 and 3 display the close price change of BTC, ETH, and DOGE respectively with the rate
of return on the right side of the graph. A sudden slump, almost half of the normal price, shows on
each graph on Mar 13, 2020. Another example from https://fortune.com/2021/07/09/elon-musk-
dogecoin-price-crypto/ is on July 9, 2021, Elon Musk sent a tweet about DOGE, and in the following
days, the volume of DOGE coin increased but the price dropped. This  aligns with our findings, but
the initial reason was simply because of a tweet. Consequently, while observations of the financial
indices are indicated, attention to other possible exogenous factors that may cause a turmoil in the
market can affect cryptocurrency volatility.

Insert Figures 1, 2, and 3 here.
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Overall, this work produces some unusual phenomena. The coefficient of treasury yields changed
for the same cryptocurrency. For instance, DOGE, LINK, XLM, EOS all showed a correlation with
different terms of treasury yields. However, for the same cryptocurrency, treasury yield should share
similar properties and characteristics, but the coefficients exhibit large differences. Also, the foreign
exchange rates produce a result with abnormally high coefficient values, especially for certain
currencies such as GPB, CNY, etc. One example is the coefficient of GBP: when compared with
ETH, it has a value of -178.31. The reasons behind these phenomena are unclear, and further studies
are needed to disclose it.

6. Conclusion

To summarize, relationships exist between the cryptocurrency market and macroeconomic indices
based on linear regression analysis on the 15 most popular cryptocurrencies, foreign exchange rates,
stock markets, and treasury yields. The calculation shows that the volume and market capitalization
can influence the cryptocurrency market to the maximum extent because they are directly related to
the price. The result shows that a cryptocurrency’s volume usually has a negative correlation with its
price. In contrast, market capitalization exhibited an opposite trend. Other than these, non-directly
related variables all demonstrated different situations. In general, the foreign exchange rate and
treasury yield obtained negative coefficients, and the stock markets, as expected, displayed a positive
correlation. Consequently, in order to see the future pattern of the cryptocurrency market, making
observations on the changes of foreign exchange rates and the stock market is indispensable because
a large coefficient indicates that any ordinary change may cause a compelling fluctuation in the
cryptocurrency market.

The effect on the cryptocurrency market provides new information for investors and miners. The
results of this study can be a reference when choosing or investing in cryptocurrencies. Nevertheless,
some unexpected phenomena still require deeper investigations to find out causes and patterns.
Further studies can investigate the dynamics of the cryptocurrency market and macroeconomic
variables. In the future, cryptocurrencies can be used for banks, trades as well as financial assets.
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