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Abstract

This paper studies the liquidity of Bitcoin using the time series daily data over the period 1/1/2014 to 12/31/2015.
Based on the available data for Bitcoin, five liquidity measures are chosen to compare the liquidities among five
Bitcoin exchanges and the liquidities of different sizes of stocks. The results suggest that the liquidity of Bitcoin
depends on the choice of the Bitcoin exchanges, and Bitfinex, one of the Bitcoin exchanges, provides the highest
liquidity for Bitcoin trading. Moreover, the results indicate that, on average, stocks are more liquid than Bitcoin.
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1. Introduction

Bitcoin is introduced by a group of unidentified programmers called Satoshi Nakamoto. It is a decentralized
peer-to-peer cryptocurrency. Bitcoin has received massive attention in media and academia since the beginning
of 2013 because of its huge prices fluctuation.

Bitcoin is created by mining, a process of finding a solution of computational problems. In theory, everyone can
be a miner. One needs to download a software from Bitcoin’s official website then he or she could participate in
the mining process. There are three ways to mine bitcoins: solo mining, mining contracts, and mining pools. In
solo mining, miner relays on his or her resources only. The chance of success mining a bitcoin is lower but with
a higher reward compared to other ways to mine bitcoins. Mining contracts and mining pools are different types
of partnerships between two or more miners. Miners share their resources and bitcoins when they successfully
solve a computational problem. Discussion of Bitcoin mining can be found in Kroll et al. (2013) and Bhaskar
and Chuen (2015). However, given the price of Bitcoin is low, and the difficulty of mining Bitcoin increases
exponentially overtime. Mining bitcoin is not cost effective for individuals. One can obtain Bitcoin through
Bitcoin exchanges, and there are numerous Bitcoin exchanges in the market.

There are two purposes of holding Bitcoin: purchasing and speculation. Bitcoin holders could exchange goods
and services in both online or local stores; the number of merchants that accept Bitcoin is increasing. However,
studies show that speculation is the main purpose for people holding Bitcoin (Goldman Sachs Investment
Research, 2014, Hencic & Gourieroux, 2015, Cheung et al., 2015; and Cheah & Fry, 2015). Those Bitcoin
holders would need to sell their Bitcoin at something point in time when they receive profits. Thus, liquidity
becomes an important issue for Bitcoin holders.

Given the rational cost-effective assumption, it is reasonable to assume that most of the Bitcoin holder buy and
sell their bitcoins through Bitcoin exchanges. According to Bitcoin Charts website, there are hundreds of Bitcoin
exchanges in the market providing exchange services for different currencies. Among all the Bitcoin exchanges,
48 exchanges target their business on exchanging between US dollar and Bitcoin. | suspect that the liquidity of
Bitcoin is not the same across these 48 Bitcoin exchanges.

This paper studies the liquidity of Bitcoin across Bitcoin exchanges and compares the liquidity of Bitcoin with
different sizes of stocks regarding market capitalization. Five liquidity measures are selected based on the data
limitation of Bitcoin: (1) Amibud’s proxy for illiquidity, (2) Relative Change in Volume, (3) Roll, (4) Coefficient
of Elasticity of Trading, and (5) The index of Martin. The results show that the liquidity of Bitcoin depends on
the choice of Bitcoin exchanges, and Bitfinex, one of Bitcoin exchanges, has the highest liquidity. In addition,
the results suggest that Bitcoin is less liquid than stocks.
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2. Literature Review

The studies on the liquidity of Bitcoin are limited. To the best of our knowledge, only two unpublished papers
study the liquidity issue of Bitcoin. Fink and Johann (2014) study the liquidities of seven Bitcoin exchanges over
the period of the year 2011 to the first half of the year 2014. The overall liquidity improves substantially based
on the results of three liquidity measures: the Lesmond et al. (1990) zero return liquidity measure; Amihud (2002)
illiquidity measure, and the Roll (1984) spread estimator. Their finding shows that the Mt. Gox exchange is the
most liquid exchange among the seven selected Bitcoin exchanges.

Brown (2014) studies the Bitcoin price return predictability and liquidity as measures of market efficiency for
Mt. Gox exchange over the period of 1/7/2011 to 5/23/2013. To measure the liquidity, he follows Chordia et al.
(2008) method which looks at the effective market spread. They find that an increase in Bitcoin traded volume
leads to high volatility but low return predictability. However, there is no conclusive evidence has been found
about the liquidity of Bitcoin.

Liquidity describes how easy an asset can be sold in the market without affecting its price, and cash or currency
is considered the most liquid asset. Although Bitcoin can be used to exchange goods and services in both online
or local stores, the relationship among Bitcoin and other currencies is changing over time. Wu and Pandey (2014)
find the correlations of Bitcoin and major world currencies (Note 1) are statistically insignificant except for the
Canadian dollar which is negatively significant correlated with Bitcoin over the period of 7/2010 to 12/2013.
However, Carrick (2016) observes different correlations among Bitcoin and most of the world currencies (Note 2)
over the period of 1/1/2011 to 12/31/2015. Bitcoin is negatively significantly correlated with all currencies
except for the British Pound and the Australian Dollar. Therefore, the correlation between Bitcoin and the world
currencies is inconsistent over time.

3. Liquidity Measure

There is not a standard way to measure the liquidity of an asset or currency in the literature. Aitken and Winn
(1997) report that there are 68 liquidity measures used in the literature. However, not all of the liquidity
measurements are suitable for Bitcoin because of the limited data. For example, Bitcoin does not have a turnover
rate, forward rate, etc. Five liquidity measures are selected for the study based on the available data for Bitcoin
exchanges and stock indexes. To obtain the dynamic information about the liquidities of Bitcoin and stocks,
monthly liquidity proxies are constructed based on the time series daily data. The five liquidity measures are
discussed below.

3.1 Amibud s Proxy for Illiquidity

Amihud (2002) proposes an illiquidity measure based on the price impact of a trade. This illiquidity measure is
referred as Amihud’s proxy here, and it has been used widely in the literature. Amihud’s proxy is defined as the
ratio between the absolute return over dollar volume.
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Where I is the number of days for which are available for stock i; |R;| is the absolute value of the daily return
onstock i onday t; V; isthe daily traded volume, and P, is the closing price of stock i on day t. Equation
(2) shows the way to calculate the return on the stock. Stocks with high ILLIQ value are illiquid compared with
stocks with low ILLIQ value. The intuition of Amibhud’s proxy is that illiquid stocks require less trading volume
to move the prices compared with liquid stocks.

3.2 Relative Change in Volume

Relative Change in Volume (RCV) is developed by Vidovic, et al. (2014). Their method of illiquidity measure is
based on the data on traded volume and stock returns.

Vi
AVV, =3} T )
Vie—Vit—1l
RDCV; = tAV—le 4)
RDCV;
RCV; = ¥}, 2 ®)

14



ijef.ccsenet.org International Journal of Economics and Finance \ol. 10, No. 1; 2018

Where AVV; is the average trading volume for each stock; RDCV;, is the relative daily change in volume, and
RCV; is the relative change in volume. A liquid stock trends to have a small difference between t and t —1
traded volume in comparison to average traded volume in that period. In contrast, an illiquid stock tends to have
a big value for the same ratio. Therefore, Stocks with the value of RCV above 1 (below 1) are considered illiquid
(liquid) stocks. This liquidity is designed for emerging markets because it captures the infrequent trading and the
number of stocks to trade with.

3.3 Roll

Roll (1984) shows that trading costs have a negative serial correlation in subsequent price changes. He uses the
following equation to measure stock liquidity. When the sample serial covariance is positive, the equation is
undefined. Thus, a default numerical value of zero is substituted.

_ (2/=Cov(Bpy; Dpye—y) I Cov(dpie; Apie—1) <O
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Where Ap;; is the price change for stock i in day t. As the value of Roll;; is higher, the trading cost of the
stock raises. Therefore, stocks with higher Roll;, value are illiquid compared with stocks with low Roll;; value.

3.4 Coefficient of Elasticity of Trading

Datar (2000) suggests that liquidity is similar to the price elasticity of trading volume, so he proposes the
Coefficient of Elasticity (CET)of trading which is calculated by dividing the percentage change in trading
volume by the percentage change in price.
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The range of CET is from negative infinity to positive infinity, [—o, +]. A high value of CET means the
price changes are accompanied by a large change in the volume of transaction. If there is a large sized
transaction to take place but with tiny or no change in price, the value of CET will approach either to positive or
negative infinities. Therefore, a stock is highly liquid if its value of CET is far away from zero, either
approaching positive or negative infinities. The sign of CET may not be relevant for the liquidity measurement,
but the information content will be enriched with the sign.

3.5 The Index of Martin (1975)

Martin (1975) proposes a liquidity index (MLI) given an assumption that a stationary distribution of price
changes hold through the entire transaction time. A high value of MLI indicates less liquidity of a stock. The
higher value of the ratio means the larger price dispersion corresponding to the traded volume.

_ 2
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4. Data

This study compares the liquidities of Bitcoin and different size of stocks regarding market capitalization. It is
misleading to measure the liquidity of Bitcoin as the whole market because the transactions of Bitcoin rely on
Bitcoin exchanges. The policies and conditions of each Bitcoin exchange are different such as the transaction fee,
the traded volume, the market share, etc. Five Bitcoin exchanges are selected, and they are Bitstamp, Bitfinex,
BTC-e, HitBTC, and itBit. These five companies are selected because of the data are available on Quandl
website. Quandl website provides data of six Bitcoin exchanges, but the range of data is relatively short on one
Bitcoin exchange so that Bitcoin exchange is dropped out of this study.

Only U.S. stock market are considered in the study. Three indexes are applied in measuring stocks. They are
iShare S&P Small Cap 600 Value Index Fund, iShare S&P Mid Cap 400 Value Index Fund, and iShare S&P 100
Index Fund. These indexes represent three different sizes of stocks in term of the market capitalization: small,
middle, and large. These indexes are obtained through the Quandl website, and the data are originally from
Google Finance. The time series daily data is used in the study, and the observation period is from 1/1/2014 to
12/31/2015. The data is available before 1/1/2014, but the time path of Bitcoin liquidity is not the objective of
this study. Therefore, the data span covers only the most recent past two years give the time this paper is written.
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Table 1. Summary statistics

Variable Obs. Mean Std. Dev. Min. Max.
Bitcoin exchanges
. price 730 397.5078 169.1687 0 919.24
Bitstamp
volume 730 14451.36 12986.03 0 124188.9
Bitfinex price 730 399.0228 167.4742 182 926
volume 730 23294.01 26945.59 773.0237 274465.7
BTC-e price 730 389.2272 172.0925 0 925
volume 730 8834.503 7959.949 0 73900.81
HitBTC price 730 406.8141 159.6063 186.76 905.34
volume 730 480.7322 499.2087 4,52 4991.8
itBit price 730 397.4157 167.7624 0 934.55
volume 730 2832.544 3529.737 0 37447.7
Stock
index 503 113.1832 3.961703 103.54 121.92
S&P Small Cap 600
volume 503 126116.5 123862.6 22225 1675589
. index 503 124.0655 5.269883 110.47 133.98
S&P Mid Cap 400
volume 503 112976.4 90039.16 17515 954283
index 503 88.54048 4.,118138 77.31 94.72
S&P 100
volume 503 944754.7 758162.1 102658 5523830

Table 1 provides summary statistics of the data. The first observation is that three out of five Bitcoin exchanges
have zero price and traded volume. One reason could be due to companies’ website under maintenance. We keep
those observations in the dataset because those are relevant information for measuring liquidity. For example,
clients of a Bitcoin exchange are not able to sign-in into their account when they decide to buy or sell their
Bitcoin. In that case, Bitcoin becomes highly illiquid for them. Second, there are big differences of the mean
values of traded volume between Bitcoin exchanges. For example, the average traded volume is only 480
bitcoins in HitBTC, but Bitfinex has 23294 bitcoins traded every day on average. Thus, these exchanges have a
very different market share in the Bitcoin economy. The difference amount of prices and traded volumes across
Bitcoin exchanges are not a surprise. Brandvold et al. (2015) study the price discovery on Bitcoin exchange.
Their observation period is between 4/1/2013 and 2/25/2014. Their finding shows that the two Bitcoin exchanges:
Mt. Gox and BTC-e are the market leaders in that period, but Mt. Gox filed bankruptcy in February 2014. BTC-e
ranks the third place among the selected Bitcoin exchanges in their study according to the average traded volume.
Therefore, it is a reasonable guess that the liquidity of Bitcoin is highly depended on the choice of Bitcoin
exchange.

We have fewer numbers of observations for the stock data during the same sample period because the U.S. stock
market closes on Saturdays, Sundays and public holidays. The large market capitalization stocks which are
represented by the S&P 100 has the smallest mean value of index but the biggest mean value of traded volume.
Moreover, the mean values of the index and traded volume for the small and middle market capitalization stocks
are similar. It seems that there is no correlation between the market capitalization and traded volume in stocks.

5. Results and Discussion

Results of Amihud's proxy for illiquidity (ILLIQ)
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Figure 1. Graph the results of Amihd’s proxy for illiquidity (ILLIQ)
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Figure 1 graphs the results of Amihud’s proxy for illiquidity (ILLIQ). The numerical results are reported in table
2 in the appendix. According to Amihud’s proxy for illiquidity, the high value of ILLIQ indicates the less
liquidity of a stock. In other words, a stock is more liquid when it has a lower value of ILLIQ. Note that only
three Bitcoin exchanges are included in Figure 1. HitBTC and itBit have relatively large values of ILLIQ, so
these two Bitcoin exchanges are removed for a better visual comparison. Dash lines represent the value of ILLIQ
for stock indexes, and they are all below the solid line which is the Bitcoin exchanges. Obviously, whatever size
of stocks, on average, are more liquid than Bitcoin. Although Bitstamp, in some periods, has lower values of
ILLIQ than Bitfinex, Bitfinex overall has the highest liquidity. The mean values of ILLIQ are 3.55 x 10~° and
5.14 x 1079 for Bitfinex and Bitstamp, respectively. On the other hand, stocks with large sizes of market
capitalization are more liquid than stock with small and middle sizes of market capitalization. Amihud’s proxy
for illiquidity does not have a clear conclusion about whether middle size stocks are more liquid than small size
stocks.

Results of Relative Change in Volume (RCV)
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Figure 2. Graph the results of Relative Change in Volume (RCV)

Figure 2 graphs the results of the Relative Change in Volume (RCV) for all selected Bitcoin exchanges and stock
indexes; the numerical results of RCV are reported in Table 3 in the appendix. A lower value of RCV represents
a higher liquidity. Table 3 shows that HitBTC has the lowest mean value of RCV among all the Bitcoin
exchanges and stock indexes. However, it would be misleading if only comparing the mean values Over the two
years observation sample, there are many periods that HitBTC has a relative higher value of RCFV others.
Therefore, unlike the results of Amihud’s proxy, the measure of RCV could not give any decisive conclusion.

Results of Roll
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Figure 3. Graph the results of Roll

Figure 3 graphs the results of Roll; the numerical results of Roll are reported in Table 4 in the appendix. BTC-e
and itBit have large values of Roll. In order to have a better visual comparison, these two Bitcoin exchanges are
removed in Figure 3. A high value of Roll means illiquidity. Thus, BTC-e and itBit are very illiquid based on this
liquidity proxy, Roll. Overall, Bitcoin is not as liquid as stocks according to the results of Roll. Note that
Bitstamp has a sudden high value of Roll on January 2015 because there are no traded records of Bitstamp
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between 1/6/2015 and 1/8/2015. We believe Bitstamp’s system was under maintenance during these three days.
The results of Roll are as same as RCV. This liquidity measure, Roll, could not determine which Bitcoin
exchanges have the highest liquidity. The stock indexes have smaller values of Roll compared with the Bitcoin
exchanges in the entire sample period. However, the stock indexes are fluctuated and intersected with each other
within the sample period. Thus, the results of Roll do not provide the relationship between the level of liquidity
and the size of stocks.

Results of Coefficient of Elasticity of Trading (CET)
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Figure 4. Graph the results of Coefficient of Elasticity of Trading (CET)

Figure 4 graphs the results of Coefficient of Elasticity of Trading (CET) for all the Bitcoin exchanges and stock
indexes; the numerical results are reported in Table 5 in the appendix. The way to interpret the results of CET is
that a stock is more liquid if the value of CET of that stock is far away from zero. The results of CET are highly
overlapped. BTC-e have a very large positive value of CET in July 2014, and Bitfinex has a very large negative
value of CET in May 2015. Overall, there is no solid conclusion that we can make based on the results of CET.

Results of the index of Martin (1975)

10

N _=

o

T T T
2015m1 2015m7 2016m1

date

T T
2014m1 2014m7

Bitfinex
S&P Mid Cap 400

Bitstamp
_____ S&P samil cap 600
————— S&P 100

Figure 5. Graph the results of the index of Martin (1975)

Finally, Figure 5 graphs the results of the index of Martin (1975), and again for a better visual comparison, only
the results of two Bitcoin exchanges and stock indexes are reported. The numerical results about the index of
Martin (1975) are reported in Table 6 in the appendix. The interpretation of the index of Martin (1975) is that a
high value of the index means less liquid of the stock. Bitstamp has one high value of the index on January 2015,
and the mean value of the index of Bitstamp is greater than the mean value of the index of Bitfinex, which is
0.7722 and 0.4259, respectively. Therefore, Bitfinex is the most liquid Bitcoin exchange based on the results of
the index of Martin (1975). The results for three types of stocks are similar; they have tiny values of the index of
Martin (1975). The different of their results are unable to recognize in the figure. The mean value of the index of
Martin (1975) of small, middle and big stocks are 2.18 x 107%, 2.49 x 10™*, and 1.38 x 107>, respectively.
Overall, stocks are more liquid than Bitcoin, and stocks with larger market capitalization are more liquid than
stocks with small and middle market capitalizations.

To conclude, the results of the liquidity measures are not consistent. Amihud’s proxy for illiquidity and the index
of Martin (1975) show Bitcoin is less liquid than stocks. The results suggest that Bitfinex is the most liquid
Bitcoin exchange among the five. There are numerous Bitcoin exchanges in the market. Most of them provide
exchange service between Bitcoin and one currency, but some exchanges provide exchange service between
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Bitcoin and multi-currencies. According to Bitcoin Charts website, there are 48 Bitcoin exchanges provide
exchange service between Bitcoin and US dollar, and only 12 out of 48 exchanges are classified as active. The
rest are considered as inactive. The liquidity of Bitcoin is highly depended on the characteristic of the Bitcoin
exchanges. The results of this paper show that Bitfinex provides the highest liquidity because it has a relatively
large and stable traded volume. Several studies show that Bitcoin is more likely used for a speculative purpose
instead of purchasing goods and services (Hencic & Gourieroux, 2015, Cheung et al., 2015; and Cheah & Fry,
2015). Thus, the liquidity of Bitcoin is an important issue, and novice investors should carefully choose a Bitcoin
exchange. One can pay attention to the size of a Bitcoin exchange’s traded volume, and whether it allows their
customers make transaction every day. Investors might miss the best time to buy or sell their bitcoins if the
website of the Bitcoin exchange often requires maintenance. Some Bitcoin exchanges have zero traded record in
some days over the sample period. It is an abnormal situation, especially when the average traded volume is
about ten thousand bitcoins per day.

6. Transaction Cost

In the above analyses, the liquidity of Bitcoin and stocks have been examined several liquidity measures that
were suggested by the literature. Broadly speaking, the degree of liquidity of asset can be reflected in its
transaction costs. This section discusses the transaction costs of trading Bitcoin and stocks. The information
about the transaction costs of five Bitcoin exchanges is collected from their official website.

For Bitstamp, its fee schedule depends on the last 30 days trading history. The range of fee is between 0.25% and
0.10%. For example, one who trades less than $20,000 in 30 days pays 0.25% fee. If someone trades more than
$20,000,000, he or she pays 0.10% fee. Moreover, Bitstamp charges withdrawal fee whenever its customers want
to cash out the money. Bitstamp accepts the Single Euro Payments Area (SEPA) to deposit and withdraw money
into its account. €0.9 fees are charged once someone withdraws and converts the money to Euro, and minimum
amount of SEPA withdrawal is $10. International withdrawals cost 0.9% fee, and minimum fee is $15. Besides,
the minimum amount of international withdrawal is $50. The process of withdrawal takes 2-3 business days
within SEPA zone and 5 business days outside SEPA zone.

As same as Bitstamp, Bitfinex charges transaction fee based on the last 30 days traded volume in US dollar;
people have larger traded volume pay less fee. Furthermore, Bitfinex’s customers can either choose to be a
marker or taker when they place an order. Makers play a long game. They enter favorable buy and sell orders and
wait for their bid or offer to be executed by another trader. In contrast, takers trade in real-time; they immediately
execute trades on existing orders rather than waiting their price to be met by other traders. Makers pay a fee
between 0% to 0.1%. If a maker’s traded volume achieves $7,500,000 or more, the maker enjoy 0% fee. Takers
require to pay a little higher fee; the fee is between 0.1% to 0.2%. If a taker’s traded volume is $30,000,000 or
more, the taker pays 0.1% fee. For deposit and withdrawal, Bitfinex accepts bank wire and charges 0.1% of the
amount, with a minimum fee of $20.

itBit charges trading fee for taker only. The fee again depends on the traded volume in the last 30 days. Takers
need to pay 0.2% if their traded volume is 8,000 bitcoins or less. itBit claims that special low fees could be
offered for traders whose traded volume is more than 8,000 bitcoins, but the takers need to contact itBit for
further information. Makers do not subject to the trading fees in itBit. No information about deposit and
withdrawal fees can be found on the itBit official website.

BTC-e has a relative simple fee schedule. It charges 0.2% fees on each transaction. Also, no information about
deposit and withdrawal fees can be found on BTC-e website. BTC-e accepts payment through US bank wire, EU
bank wire, and major credit card companies. Last, HitBTC charges 0.1% or 0.09% trading fees for orders that
execute immediately or do not execute immediately, respectively. The fees for deposit and withdrawal depend on
currencies. Table 7 shows transaction fees for HitBTC. The minimum amount of bank transfer is 1 Euro or 10
US dollars. The SEPA payment takes within 3 days; SWIFT transfers take up to 10 days for the worldwide
market.

Table 7. Transaction fees of HitBTC

Currency Deposit Withdrawal
EUR SEPA Zone: No fee SEPA Zone: €0.9
Outside SEPA: €6 Outside SEPA: €6
usD Flat rate: $9 Flat rate: $9
GBP Flat rate: £5 Flat rate: £5

Sources: HitBTC website, https://hibtc.com/fees-and-limits.
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The transaction costs of Bitcoin vary widely. As we discussed above, the transaction cost is determined by the
selection of Bitcoin exchanges. The size of the traded volume would lead to different fees, and even the ways of
trading (maker or taker) affect the fees. The currency that one chooses to deposit or withdraw from the Bitcoin
exchange is another issue. Therefore, in reality, the liquidity of Bitcoin can be affected by many factors.

About the transaction costs of trading stock, it is not surprise that the costs depend on individual brokerage and
the types of services. The transaction costs of trading stock can vary between as low as $5 per trade to as high as
$200 per trade. People who pay $5 transaction costs per trade usually handle the entire process by themselves in
their on-line trading account. However, people who pay $200 transaction cost per trade will receive more
insightful advice from their agents, and those agents will probably tailor-make an investment portfolio for them.
Randomly selected a stock trading company, Scottrade. Scottrade charges $7 for on-line stock trading. Compared
the transaction cost of trading Bitcoin and stocks, assuming a novice Bitcoin trader, he trades $10,000 in the last
30 days in one of our five selected Bitcoin exchanges. He is likely to pay $20 ($10,000 x 0.2% = $20) for the
transaction cost. What if he decides to invest the same amount of money in stocks through Scottrade. He pays $7
fees for the transaction. The transaction cost is 0.07% ($7/$10,000 x 100 = 0.07%). Therefore, the conclusion
is the same that stock trading is more liquid than Bitcoin trading.

7. Conclusion

This study compares the liquidity of five Bitcoin exchanges and different sizes of stocks using time series daily
data over the period 1/1/2014 to 12/31/2015. Five liquidity measures are selected based on the available data for
the Bitcoin exchanges and stocks indexes. Only two liquidity measures provide practical results, and they are
Amihud’s proxy for illiquidity and the index of Martin (1975). The results suggest that the liquidity of Bitcoin
depends on the choice of Bitcoin exchange. For example, two people who buy or sell Bitcoin in different Bitcoin
exchanges will face different liquidity of their bitcoin. Both Amihud’s proxy for illiquidity and the index of
Martin (1975) show that the Bitcoin exchange called Bitfinex provides the highest liquidity on Bitcoin trading.
Compared the liquidity of Bitcoin and stocks, the results indicate that stocks are more liquid than Bitcoin no
matter the sizes of stocks. In addition, stocks with a large size of market capitalization are more liquid than
stocks with a small and middle size of market capitalization. For the future study, | would like to compare the
liquidity of more Bitcoin exchanges as well as different types of stocks.
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Notes

Note 1. Major world currencies that included in Wu and Pandey (2014) are Euro, British Pound, Swiss Franc,
Japanese Yen, Australian Dollar and Canadian Dollar.

Note 2. The world currencies that included in Carrick (2016) are Euro, British Pound, Swiss Franc, Australian
Dollar, Canadian Dollar, Brazilian Real, Chilean Peso, Colombian Peso, Mexican Peso, Polish Zloty, Russian
Rube, Indian Rupee, Malaysian Ringgit, Thai Baht, Philippine Peso, Chinese Yuan, South Korean Won, and
Turkish Lira.

Appendix
Table 2. Results of Amihd’s proxy for illiquidity (ILLIQ)

Date Bitstamp Bitfinex BTC-e HitBTC itBit ‘H(fi)*é‘&;“ jf:i m;' SEP 100
Tan-2014 TT5E-00 3 ROE-00 TOGE-09 171606 502605 5 A3E-10 TO5E-10 T.03E-10
Feb-2014 : 3.42E-09 2.97B-09 3.36B-06 2.56F-06 6.09B-10 5.50B-10 1.258-10
Mar-2014 4.G3E-09 5.18E-09 1.80E-06 9.64E-07 6.06E-10 7.59E-11
Apr-2014 5. 6.68E-09 6.56E-09 L65E-07 4.86E-07 454E-10 1.35E-10
Mar2014 3.98E-09 5.40E-09 6.20E-09 1.27E-08 6.47E-07 6.75E-10 7.36B-11
Jun-2014 5.21E-09 3.80E-09 8.66E-09 4.80E-08 3.23E-08 428E-10 711E-11
Jul-2014 3.30B-09 3.84E-09 4.86E-09 1.37E-08 1.71E-08 5.65B-10 1.38E-10
Aug-2014 3.81B-09 3.64E-09 1.04E-08 6.04E-08 3.20B-08 5. 25E-10 7.34B-11
Sep-2014 3.92E-09 3. 70E-09 1.02E-08 5.82E-08 5.21E-08 781E-10 1.14E-10
Oct-2014 4.79E-09 3.07E-09 9.52E-09 1.76B-07 4.79E-08 7 86B-10 8.10E-11
Nov-2014 5.03E-09 2,44E-09 8.80B-09 3.30B-07 6.22B-08 474E-10 6.01E-10 2.79B-11
Dec-2014 7.06E-09 3.93E-09 1.03E-08 2.72E-07 1L3TE-07 8.23E-10 7.14E-10 6.45E-11
Jan-2015 9.67E-09 3.89E-09 1.34E-08 8.14E-07 8.54F-08 6.96B-10 8.88E-10 8.29F-11
Feb-2015 8.20E-09 2,67E-09 8.93E-09 3.83E-07 8.15B-08 495E-10 4.36E-10 8.32B-11
Mar-2015 8.97E-09 2.33E-09 8.84E-09 3.14B-07 6.16E-08 7 80B-10 8.14E-10 1.30E-10
Apr-2015 8.79E-09 2.95E-09 8.98E-09 5.55B-07 8.55E-08 6.59E-10 6.06E-10 1.05E-10
May-2015 7.63E-09 3.21E-09 6.34E-09 4.35E-07 2.48E-08 5.36E-10 5.36E-10 1.26E-10
Jun-2015 6.56E-09 2,79E-09 6.30E-09 1.336-07 1.62E-08 6.35B-10 6.69E-10 1.13E-10
Jul-2015 4.40B-09 2.72E-09 7.16E-09 2.41B-07 9.67E-09 7.00E-10 6.74E-10 1.71E-10
Aug-2015 6.55E-09 4,00E-09 1.42E-08 1.93E-07 1.90E-08 6.54E-10 8.43E-10 1.46E-10
Sep-2015 2.54E-09 4.40E-09 7.05E-09 1.13B-07 8.27E-09 8.48F-10 1.08E-00 9.60E-11
Oct-2015 2.66E-09 3.93E-09 7.07E-09 3.03B-07 7.79E-09 8.36E-10 7.13E-10 6.56B-11
Nov-2015 3.95E-09 243E-09 7.23E-00 3.40E-07 LAIE-08 8.35E-10 7.01E-10 8.16B-11
Dec-2015 3.54B-09 1.50E-09 4.94B-09 412607 1.226-08 8.32B-10 7.57E-10 9.00B-11
mean 5.14E-09 3.O5E-09 7.BOE-0Y 5.26E-07 32E-06 G.OTE- e -

Table 3. Results of Relative Change in Volume (RCV)

Stocks with high ILLIQ value means it is illquid compared with stocks with low ILLIQ value.

Date

Bitstamp

Bitfinex

BTC-e

HitBTC itBit

S&P samll

S&P Mid

S&P 100

Cap 600 Cap 400
Jan-2014 0.3943 0.4673 0.3477 0.8008 0.8157 0.3576 0.4209 0.8540
Feb-2014 0.7250 0.7285 0.7252 0.9697 1.2329 0.4058 0.4396 0.4362
Mar-2014 0.7327 0.7817 0.6128 0.5724 0.9598 0.4546 0.4481 0.3387
Apr-2014 0.4937 0.5675 0.4425 0.2718 0.7064 0.5155 0.5839 0.5543
May-2014 0.6136 0.7300 0.5837 0.3665 0.4433 0.3691 06045 0.5757
Jun-2014 0.4627 0.5261 0.5087 0.3016 0.3326 0.4376 0.G083 0.7265
Jul-2014 0.5128 0.5201 0.4918 0.2059 0.3700 0.7493 0.5289 0.5714
Aung-2014 0.3857 0.4985 0.5296 0.3194 0.4935 0.5097 0.4594 0.8523
Sep-2014 0.4432 0.5468 0.7117 0.2412 0.6706 0.4183 0.4897 0.7078
Qct-2014 0.4613 0.4229 0.2665 0.9030 0.8584 0.6163 0.3588
Nov-2014 0.5294 R 0.4489 0.4064 0.6495 0.5079 0.5092 0.6608
Dec-2014 0.4591 0.4613 0.3336 0.5390 0.6590 0.3188 0.4699 0.4987
Jan-2015 0.6011 0.5080 0.4929 0.5134 0.6310 0.6421 0.3669 0.5213
Feb-2015 0.4096 0.4226 0.3712 0.5666 0.4889 0.4111 0.5729 0.5814
Mar-2015 0.4149 0.4447 0.3484 0.3455 1.0045 0.3343 0.3790 0.6269
Apr-2015 0.3813 0.5096 0.4332 0.5186 0.4677 0.5511 0.5425 0.4723
May-2015 0.3777 0.4771 0.2793 0.4723 0.7238 0.6010 0.3418 0.4600
Jun-2015 0.3981 0.4520 0.3034 0.3094 0.4242 0.5841 0.4300 0.4575
Jul-2015 0.4550 0.6121 0.6114 0.3761 0.3981 0.8168 0.6012 0.6710
Aug-2015 0.3280 0.6078 0.3717 0.2865 0.4480 0.5402 0.6338 0.5248
Sep-2015 0.1753 0.4778 0.2635 0.2367 0.3681 0.5348 0.3268 0.3680
Qct-2016 0.2844 0.4740 0.3105 0.4163 0.2766 0.9501 0.6051 0.5091
Nov-2015 0.3963 0.5647 0.4756 0.4033 0.4609 0.6246 0.4417 0.6113
Dec-2015 0.4968 0.5547 0.3549 0.3212 0.3902 0.6293 0.3256 0.6258
mean 0.4555 0.5440 0.4490 0.4178 0.5966 0.5468 0.4894 0.5652

The lower value of RCV indicates higher liquidity.
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Table 4. Results of Roll

Date Bitstamp Bitfinex BTC-e HitBTC itBit ‘gfpsgg(‘l“ %:; I(I]:;l S&P 100
Tan-2014 28,0450 76.1014 413630 30.7308 36,7405 0.7278 07582 0.3854
Feb-2014 16.9502 24.2726 16.5315 40759 317.3491 05921 0.5341 0
Mar-2014 21.7359 24.1422 17.0312 20,5036 0 0.4366 0.4863 0.3726
Apr-2014 19.9701 20.3867 20.5305 20,5363 18,5061 0 0 0
May-2014 9.2571 85778 12,6371 10.0448 9.6219 0 0.3829 0.3560
Jun-2014 13.0693 13.8739 13.8542 6.5486 0 0 0 0.1080
Inl-2014 9.3520 7.3169 10.6031 7.9745 5.1917 10317 0.8282 0.5388
Aug-2014 0 0 49.0793 0 0 0.6556 0.0534 0.1748
Sep-2014 0 0 7.2275 10.1401 47074 0.4060 0.2518 0.5673
Oct-2014 0 0 0 0 0 0.9902 0 0.2009
Nov-2014 0 5.9761 136.9873 0 0 0.7835 0.2603 0.2703
Dec-2014 3.4725 0 5.1198 42208 3.5344 0.7831 0 0
Jan-2015 33.8207 0 0 6.0224 0 1.1358 0.7826 0
Feb-2015 7.5409 7.9665 7.9344 7.6078 9.1895 0.9533 0.9876 0.5724
Mar-2015 1.3991 2.9308 0 0 0 0.6199 0.8531 0.8699
Apr-2015 0 0 23210 0 0 0.8891 0.7089 0.4001
May-2015 2.5648 24556 25409 41843 17127 0.7077 0.9163 0.5399
Jun-2015 0.9619 2.0876 14.9167 4.6756 0.8375 0.6953 0.7071 0.4019
Inl-2015 3.4036 1.8413 108.1082 15.0332 3.6886 0 i 0
Aug-2015 7.7963 16.5022 7.4292 0 11,5473 0 0 0
Sep-2015 20316 2.4539 1.9855 1.8865 2.4004 1.4276 1.5897 1.3143
Oct-2015 40754 25251 3.0133 3.8899 3.9540 1.3405 0.6882 0
Nov-2015 0 0 0 0 0 0 0 0.4724
Dec-2015 9.2294 12.4106 9.7641 9.6918 8.9519 0.5885 1.0736 1.3315
Tnean 81305 75700 20,3711 5.9010 18.2071 06152 0.0003 0.3608
Stocks with higher Roll;; value are illiquid compared with stocks with low Rollys value.
Table 5. Results of Coefficient of Elasticity Trading (CET)
: e . . SLP samll SGP Mid
Date Bitstamp Bitfinex BTC-e HitBTC itBit Cap 600 Cap 400 S&P 100
Tan-2014 32702 231135 1971 1500.57 2723.05 1857.73 TaLT7 ~3574.54
Feb-2014 1441.47 38106 1588.92 692.45 702.94 -1412.71 1866.30 2500.03
Mar-2014 1434.95 71717 -402.07 -10.48 96,01 71277 1381.97 -732.99
Apr-2014 -1776.72 357.88 308.79 -154.43 56206.30 192,57 489.31 1906.88
May-2014 -472.20 -1750.36 -1500.33 -283.01 17727.08 160.07 794.30 402181
Jun-2014 -437.67 4087.87 718.52 -270.64 1733.56 258.09 794.39 -12293.65
Jul-2014 -305.80 2870.05 52998.37 -93.56 6488.20 6220.16 3237.48 -4051.20
Aug-2014 1039229 707.57 218.44 -1948.97 605,51 1110.13 -1855.27 1359.92
Sep-2014 2086.31 173.49 508.87 -218.71 -699.71 -974.32 3270.37 3179.89
Oct-2014 622.48 -258.02 -463.41 20.94 2206.79 -32.27 77096 -551.87
Nov-2014 164.93 4074165 -1540.30 -2086.67 332.82 -2792.20 988.46 -3199.29
Dec-2014 -184.86 225.47 701.86 944.94 353.01 331.10 616.77 -15217.09
Jan-2015 409,62 109.96 705.37 -140.62 696.74 -730.42 -2015.92
Feb-2015 447117 -420.05 -2572.40 -1182.30 672,64 -9192.80 -206.23 3135.74
Mar-2015 -1236.73 -1770.46 2025.57 -235.36 -3413.49 1047.92 -17747.09 -10019.56
Apr-2015 -1771.00 1359.30 185.77 523.03 -10380.51 -2543.85 -1588.80 -590.52
May-2015 185.73 -11078.14 -15017.87 5644.47 1096.00 -4341.29 -1060.70 -1536.20
Jun-2015 -75.03 -281.73 1044.88 201.41 -3.83 -331.41 -2458.24 1176.48
Jul-2015 2011.94 -261.55 9976.74 -262.67 -1263.59 800.74 -3549.70 407.76
Aug-2015 -45.51 1220.37 129.53 199.05 58.24 813.98 88.22 2248.42
Sep-2015 -193.60 -841.51 -8701.07 1408.52 1152.43 -3174.86 -55.63 922.19
Oct2015 889.78 809.50 -205.78 1056.87 1662.05 434.99 -1234.53 -070.37
Nov-2015 2038.92 1092.23 -81.13 733.14 332,58 -2729.22 -2654.99 -1378.95
Dec-2015 -2778.75 -280.31 -369.85 -1685.19 3090.74 772.27 -353.06 -243.96
mean 0767 I01L.71 1630.00 T81.87 1331.02 56118 SG2.08 1690.10
A stock is highly liquid if the value of CET of that stock is far away from zero.
Table 6. Results of the index of Martin (1975)
Date Bitstamp Bitfinex BTC-c HitBTC itBit Sg;*gg"']“ S(,ﬁ‘; o S&P 100
Tan-2014 72095 30410 0117995 J7520.9320 TAIE01 T.G6E-01 TI0E05
Feb-2014 0.8107 1.3560 1352.8038 5730.6375 1.30E-04 143E-04 1.21E-05
Mar-2014 0.8254 11725 1.3200 1105.1478 156.8248 2.20E-04 1.68E-04 6.24E-06
Apr-2014 1.0420 11149 32.2408 47.6704 141E-04 1.26E-04 151E-05
May-2014 0.5844 0.8678 6.3019 20.8033 2.01E-04 1.09E-04 5.24E-06
Jun-2014 0.7450 1.2469 11,1067 7.9421 1.03E-04 7.19E-05 4.77E-06
Jul-2014 0.4385 0.4266 6.2199 2.4962 1.86E-04 1.32E-04 1.57E-05
Aug-2014 0.4094 40.1015 10.6688 4.6352 1.09E-04 7.37E-05 5.71E-06
Sep-2014 0.3076 0.2524 0.7557 5.7693 46414 2.01E-04 L57E-04 110E-05
Oct-2014 0.2432 0.1466 0.4859 8.7998 27246 3.45E-04 3.07E-04 1.58E-05
Nov-2014 0.3086 0.1497 54.4189 22.0018 5.0324 1O9E-04 1.38E-04 1.23E-06
Dec-2014 0.2258 0.1218 7.5662 6.7418 347E-04 3.34E-04 0.34E-06
Jan-2015 0.1299 36.7028 3.0444 2.82E-04 451E-04 1.55E-05
Feb-2015 . 0.0395 7.0045 1.5286 1.66E-04 LITE-04 9.93E-06
Mar-2015 0.1798 0.0472 0.1835 7.9246 1.3605 3.22E-04 4.22E-04 2.25E-05
Apr-2015 0.0965 0.0295 0.0924 8.9056 1.0483 2.17E-04 1.94E-04 1.20E-05
May-2015 0.0502 0.0202 0.0369 2.9687 0.1532 1.37E-04 1.89E-04 1.7IE-05
Jun-2015 0.0485 0.0217 4.6488 0.1670 1.96E-04 3.11E-04 1.91E-05
Jul-2015 0.0800 0.0413 13.9731 0.2009 2.10E-04 2.73E-04 2.60E-05
Aug-2015 0.1407 0.1010 4.3563 0.5820 2.26E-04 L84E-04 3.17E-05
Sep-2015 0.0164 0.0268 0.8299 0.0505 3.16E-04 5.84E-04 2.21E-05
Oct-2015 0.0473 0.0411 6.3752 0.1270 3.30E-04 3.16E-04 1.09E-05
Nov-2015 0.2351 0.1253 21.9364 0.8092 257E-04 2.99E-04 116E-05
Dec-2015 0.3138 0.1398 3 43.2487 11918 3.24E-04 3.56E-04 1.93E-05
mean 07722 04250 G.2808 T57.0001 TRI4.510 TIRE-0L TAIE-04 T38E-05

A high value of the index of Martin (1975) indicates less liquidity of a stock.
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