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Motivation: Crypto Market

® What do we know about cryptocurrencies?
® Are they a scam? A bubble? Maybe.

® Whether scam or not, it is a big market nowadays, and it has grown exponentially in the
last few years.
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Motivation: Crypto Market

® |t is not obvious if there are any empirical regularities.
® Do cryptocurrency returns share similarities with other asset classes (e.g. equities)?

® This paper: studies the cross-section of cryptocurrency returns using standard empirical
asset pricing tools.
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A preview of results

There are nine long-short strategies based in size, momentum, volume, and volatility with
statistically significant excess returns.

A three-factor model with cryptocurrency market, size and momentum accounts for the
excess returns of all of the nine successful zero-investment strategies.

Standard stock market factors (FF34+-momentum, FF5) cannot account for the
cross-section of cryptocurrency returns.

Finally, results are generally robust to shorting constraints in the cryptocurrency markets.
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® Trading data of all cryptocurrencies available from Coinmarketcap.com.

® 1,707 coins from the beginning of 2014 to the end of 2018; all coins with over 1 million
dollars in market capitalization.

® 25 factors that depend only on price and market information.

® The cryptocurrency market return is simply the value-weighted return of all the
underlying available coins.

1 month T-bill rates and standard factors from Kenneth French's website.
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Summary Statistics A: Coin Market Data

Panel A
Year Number of Coins Market Cap (mil) Volume (thous)

Mean  Median Mean Median
2014 109 239.83 3.89 1,146.09 36.24
2015 77 134.53 2.76 1,187.64 11.51
2016 155 160.06 3.39 1,789.24 23.73
2017 804 435.68 9.01 18,509.55  133.56
2018 1,583 357.20 8.91 20,829.12  124.02
Full 1,707 356.71 8.17 18,305.83  103.89

9/35



Summary Statistics B: Coin Market Returns

Panel B
Mean Median SD Skewness Kurtosis

Coin Market Return  0.013 0.006 0.117 0.294 4.574
Bitcoin Return 0.012 0.005 0.114 0.367 4.580
Ripple Return 0.035  -0.007  0.267 3.478 21.263
Ethereum Return 0.046 0.001 0.241 1.841 9.843
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Factors: Size and Momentum

Category Factor Definition

Size MCAP Log last day market capitalization in the portfolio formation week
Size PRC Log last day price in the portfolio formation week

Size MAXDPRC The maximum price of the portfolio formation week

Size AGE The number of weeks that have been listed on Coinmarketcap.com
Momentum r1,0 One-week momentum

Momentum r2,0 Two-week momentum

Momentum r 3,0 Three-week momentum

Momentum r 4,0 Four-week momentum

Momentum r 8,0 Eight-week momentum

Momentum r 16,0 Sixteen-week momentum

Momentum r 50,0 Fifty-week momentum

Momentum r 100,0 Hundred-week momentum
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Factors: Volume and Volatility

Volume VOL Log average daily volume in the portfolio formation week
Volume PRCVOL Log average daily volume times price in the portfolio formation week
Volume VOLSCALED  Log average daily volume times price scaled by market capitalization in

the portfolio formation week

Volatility BETA The regression coefficient Bk, o7 in R = Ry = @' + L, CMKT + €.
The model is estimated using daily returns of the previous 365 days
before the formation week.

Volatility BETA2 Beta squared

Volatility IDIOVOL The idiosyncratic volatility is measured as the standard deviation of
the residual after estimating R, — Ry = o' + Bl .7 CMKT + . The
model is estimated \llsing daily returns of the previous 365 days before
the formation week.

Volatility RETVOL The standard deviation of daily returns in the portfolio formation week
Volatility RETSKEW The skewness of daily returns in the portfolio formation week
Volatility RETKURT The kurtosis of daily returns in the portfolio formation week

Volatility MAXRET Maximum daily return of the portfolio formation week

Volatility DELAY The improvement of R? in

Ri= Ry = ' + By r CMKT + By ir CMKT 1+ By CMKT 2 461,
where CMKT-y and CMKT_5 are the lagged one and two day coin
market index returns, compared to using only current coin market
excess returns. The model is estimated using daily returns of the
previous 365 days before the formation week.
Volatility STDPRCVOL  Log standard deviation of dollar volume in the portfolio formation week
Volatility DAMIHUD The average absolute daily return divided by dollar volume in the

portfolio formation week
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Size Factor Returns

Table 3: Size Factor Returns

This table reports the mean quintile portfolio returns based on the market capitalization, last day price,
and maximum day price factors. The mean returns are the time-series averages of weekly value-weighted

portfolio excess returns. *, **, *** denote significance levels at the 10%, 5%, and 1%.

Quintiles
1 2 3 4 5 5-1
MCAP Low High
Mean 0.047%*%*  0.018 0.013 0.013  0.013*% -0.034**
t(Mean) (2.958)  (1.610) (1.286) (1.439) (1.766) (-2.557)
PRC Low High
Mean 0.051%%%  0.020%*  0.001 0.018  0.012* -0.030**
t(Mean) (2.739)  (2.118) (0.117) (1.419) (1.689) (-2.420)
MAXDPRC Low High
Mean 0.053%%*  0.025%  0.002 0.021  0.012* -0.041**
t(Mean) (2.791)  (1.905) (0.143) (1.568) (1.681) (-2.483)
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Momentum Factor Returns

Table 4: Momentum Factor Returns

This table reports the mean quintile portfolio returns based on the one-week, two-week, three-week, and four-
week momentum factors. The mean returns are the time-series averages of weekly value-weighted portfolio

excess returns. *, ¥*_ *¥¥* denote significance levels at the 10%, 5%, and 1%.

Quintiles

1 2 3 4 5 5-1
r 1,0 Low High
Mean -0.006  -0.002 0.010  0.042%* 0.021 0.027**

t(Mean) (-0.552) (-0.176) (1.094) (2.317)  (1.550)  (1.094)

r 2,0 Low High
Mean -0.002 0.005 0.010  0.018%  0.030**  0.033**
t(Mean) (-0.225) (0.493) (1.155) (1.894) (2.314)  (2.442)

r 3.0 Low High
Mean 0.002 0.001 0.016  0.020%*  0.043%%F  0.041%**
t(Mean) (0.156) (0.124) (1.587) (2.091) (2.956)  (2.742)

r 4,0 Low High
Mean 0.002 0.004 0.008  0.019*%  0.027**  0.025%*
t(Mean) (0.243) (0.435) (0.935) (1.921) (2.033)  (2.002)
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Volume Factor Returns

Table 5: Volume Factor Returns

This table reports the mean quintile portfolio returns based on the price dollar volume factor. The mean
returns are the time-series averages of weekly value-weighted portfolio excess returns. *, ** *** denote

significance levels at the 10%, 5%, and 1%.

Quintiles
1 2 3 4 5 5-1
PRCVOL Low High
Mean 0.045%* 0.028%*  0.017  0.018  0.013*¥ -0.032**

t(Mean) (2.438) (2.154) (1.375) (1.456) (1.745) (-2.016)
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Volatility Factor Returns

Table 6: Volatility Factor Returns

This table reports the mean quintile portfolio returns based on the standard deviation of dollar volume
factor. The mean returns are the time-series averages of weekly value-weighted portfolio excess returns. *,

ok FFE denote significance levels at the 10%, 5%, and 1%.

Quintiles
1 2 3 4 5 5-1
STDPRCVOL Low High
Mean 0.043%%*  0.032%*  0.021* 0.021  0.013* -0.030**
t(Mean) (2.711)  (2.114) (1.687) (1.644) (1.739) (-2.260)
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Insignificant Factor Returns

ant Factor Returns

able

: Insignil

This table repors the mean quintile portfolio returns based on the insignificant factors. The mean returns
are the time-series averages of weekly value-weighted portfolio excess returns. *, **, *** denote significance
levels at the 10%, 5%, and 1%
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Crypto CAPM

Table 8: Cryptocurrency One-Factor Model

Ri— Ry =" + By xrCMKT + & (3]

ess market returns. The formation of the quintile portfolios for the

where CMKT is the cryptocurrency ex

nine significant strategies are diseussed in Section 3. The t- are reported in the parentheses

**#* denote significance levels at the 10%, 5%, and 1%. m.a.c and R? are the mean of the absolute pricing
errors and the average R? of the five portfolios, respectively.
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Crypto CAPM (contd.

ntinued
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Market + Size

Table 9: Cryptocurrency Market and Size Factor Model

Ri = Ry = 0 4 By iy CMKT 4+ By sCSMB + & @

where CMKT is the cryptocurrency excess market returns and CSMB is the cryptocurrency size factor.

The formation of the quintile portfoli < are discussed in Section 3. The t-

statistics are reported in the parenthes

s for the nine significant strategi

denote significance levels at the 10%, 5

,and 1%. mae

) > g
and K2 are the mean of the absolute pricing errors and the average K2 of the five portfolios, respectively
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Market + Size (contd.

Table 9 Continued 1 2 3 ' 5 51 mae R
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Market + Momentum

Table 10: Cryptocurrency Market and Momentum Factor Model

Ry =o' + By kr CMKT + Bgy pgCMOM + & 3)

where CMKT is the cryptocurrency excess market returns and CMOM is the cryptocurrency momentum
d in Section

factor. The formation of the quintile portfolios for the nine significant strategies are discu

¥, %, %% denote significance levels at the 10%, 5%,

3. The t-statistics are reported in the parentheses.

and 1%. m.a.c and K are the mean of the absolute pricing errors and the average K of the five portfolios,

respectively.
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Market + Momentum

contd.

Table 10 Continued
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Three Factor Model

Table 11: Cryptocurrency Three-Factor Model

Ri— Ry = '+ By iy CMET + fosynCSMB+ By CMOM + &

where CMKT is the eryptocurrency excess market. returns, CSMB is the eryptocurrency size factor, and
CMOM is the eryptocurrency momentum factor. The formation of the quintile portfolios for the nine

T

cignificant strategies are discussed in Section 3. The t-statistics are reported in the parentheses,

denote significance levels at the 10%, 5%, and 1%. m.a.e is the mean of the absolute pricing errors, K2 is
the average K2 of the five portfolios.
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Three Factor Model

contd.

Tablo 11 Continued
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Three Factor Model (contd.

Table 11 Continued
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Fama-French Three-Factor Model

Table 14: Fama-French Three-Factor Model

Ri-Ry=

o' + By xrMKT + BsppSMB + By py HML + & ()

where MKT is the excess stock market returns, SMB is the Fama-French size factor, and HML is the Fama-
French value factor. The formation of the quintile portfolios for the nine significant strategies are discussed
in Section 3. The t-statistics are reported in the parentheses. ¥, **, *** denote significance levels at the
10%, 5%, and 1%. m.a.c and R? are the mean of the absolute pricing errors and the average K2 of the five

portfolios.
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Fama-French Three-Factor Model (contd.

Table 14 Continued 1 2 3 1 51 mae R?
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Fama-French Three-Factor Model

Table 14 Continued
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Fama-MacBeth Cross-Sectional Regression

Table 13: Fama-MacBeth Cr.

~Sectional Regr

sion

This table reports the Fama-MacBeth regression results. Each factor is first sorted into five portfolios at
the end of each week. Panel A, B, C, and D are based on the sample of coins with market capitalizations
of more than 1 million dollars. Panel E is based on the sample of coi of more
than 10 million dollars. The t-statistics of the coefficient estimates are reported in the parentheses.*, **, ***
and 1%

s with market capitalizations

denote significance levels at the 10%, 5%,
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Bitcoin for Short Portfolios

able 12: Bitcoin for Short Portfolios

CMKT s the cryptocurrency excess matket returns, CSMB is the cryptocurrency size factor, and CMOM
ussed in Section 3. The

is the cryptocurrency momentum factor. The formation of nine quintiles are dis

reported in the parentheses. *, **, *** denote

significance levels at the 10%, 5%, and 1%
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Conclusion

® The cross-section of cryptocurrencies can be meaningfully analyzed using standard asset
pricing tools.

® Size and momentum factors are important in capturing the cross-section of
cryptocurrency returns.

® A parsimonious three-factor model that can be constructed using the market information
is successful in pricing the strategies in the cryptocurrency market.
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