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Abstract

The notion of liquidity is widely used in the finance area, such as in the studies of market micro-
structure and asset pricing. However, there are so many liquidity measures that it is difficult for
researchers to decide which measure they should adopt. There is no consensus on which measure
is the most appropriate as well. This paper compares various liquidity measures to find which of
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financial firms listed in the Korea Exchange and the NYSE/AMEX for the period 1993~2004.
Two methodologies are employed. One is a correlation check that will reveal the internal consis-
tency between measures. The other method is to investigate the relation between risk-adjusted re-
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that the most reliable solution is the Amihud (2002) measure.
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1. Introduction

The notion of liquidity is widely used in the finance area, such as in the studies of
market microstructure and asset pricing. However, there are so many liquidity measures
that it is difficult for researchers to decide which measure they should adopt. There is no
consensus on which measure is the most appropriate as well. This paper compares various
liquidity measures to find which of these measures is the most appropriate in the stock
market.

Two criteria are considered to categorize the liquidity measures. The first criterion is
the type of data from which the liquidity measure is derived.' In other words, the differ-
ences in the data frequencies are used to classify the measures. For example, high-
frequency or intraday data are used to obtain bid-ask spread and depth, etc. On the other
hand, low-frequency or daily data are used to obtain turnover and volume, etc. High-
frequency data are usually used in microstructure studies. Their merit is the accuracy of
measurement, while their drawback is the limit of their availability. They have a relatively
small time span because large data are needed to estimate them. The merit of low-
frequency data is the long time span. Therefore, these measures are usually used in the
asset pricing tests which generally require a large cross-section and longer time period.

The second criterion is the concept of liquidity. What phenomenon or aspect does a
liquidity measure really capture? In order to classify liquidity measures according to the
concept of liquidity, it is first important to have a clear definition of liquidity. O’Hara
(2001) documents that “Liquidity is perhaps best described by how easily and inexpen-
sively investors can trade assets. There are many aspects to liquidity, including simple
transaction costs, the time it takes to execute trades(or immediacy) and the price impact
of trades.” (p.207). Liu (2006) states that “Liquidity is generally described as the ability
to trade large quantities quickly at low cost with little price impact.”. This description
highlights four dimensions to liquidity, namely, trading quantity, trading speed, trading
cost, and price impact.”(p. 631)

This paper adopts the second criterion and classifies the liquidity measures into four

! See, for example, Hasbrouck (2004)



categories. The first category captures the notion of trading quantity, in which liquidity
measures, such as volume, trading amount, number of trades, and turnover, are included.
The second category of liquidity measure catches the notion of price impact, into which
Amivest liquidity ratio, Amihud (2002)’s illiquidity measure, Kyle (1985)’s lambda (1),
and Pastor and Stambaugh (2003)’s reversal measure are included. The third category
captures the notion of trading cost, in which liquidity measures, such as proportional bid-
ask spread, Roll (1984)’s spread, and amortized spread, are included. The fourth category
catches the notion of trading speed (time), into which proportion of zero daily return,
Lesmond, Ogden, and Trzcinka (LOT) (1999)’s transaction cost, and Liu (2006)’s meas-
ure are included.

Comparisons of liquidity measures are performed on the Korean and the U.S. market.
The Korean sample is all non-financial firms listed in the Korea Exchange for the period
1993~2004. The U.S. sample includes all non-financial firms listed in the NYSE /AMEX
for the period 1993~2004.

To compare liquidity measures, two methodologies are employed. One is a correla-
tion check between liquidity measures. It will reveal the internal consistency between
measures. The other method is to investigate the relationship between risk-adjusted return
and liquidity measure. This usage is based on the recent studies on liquidity asset pricing
in which many researchers argue that liquidity should be priced in the asset prices (Ami-
hud and Mendelson, 1986; Data et al., 1998; Brennan and Subrahmanyam, 1996; Pastor
and Stambaugh, 2003; Acharya and Pedersen, 2005; Liu, 2006). The method of Brennan,
Chordia, and Subrahmanyam (1998) (BCS) is adopted as an empirical asset pricing
framework. Instead of examining the excess returns on a portfolio, the BCS method can
examine the risk-adjusted returns of individual stocks. However, this methodology has a
limitation because it tests the joint hypothesis that liquidity should be priced and a certain
liquidity measure reflects the true liquidity of firms precisely. Hasbrouck (2004) also em-
ploys the BCS regression method to compare the liquidity measures in the U.S. stock
market.

In the correlation analysis, most liquidity measures are highly correlated with each
other. In the correlation analysis, Amihud (2002) measure, modified Amihud (MA) meas-

ure and proportional bid-ask spread prove to be the best measures in both Korea and the



U.S. However, Pastor/Stambaugh’s reversal measure performs poorly. This measure is
correlated with other liquidity measures in the opposite direction unlike theoretical expla-
nations. In the BCS regression, volume, trading amount, turnover, number of trades,
Amivest measure, Amihud (2002) illiquidity measure, MA measure, bid-ask spread, pro-
portion of zero daily return, and LOT measure have positive and significant relations with
adjusted returns in the Korean sample. In the case of the U.S., turnover, Amihud (2002)
illiquidity measure, MA measure, and Liu (2006) measure are significantly correlated
with risk-adjusted returns. Eventually, Amihud (2002) illiquidity measure and MA meas-
ure perform consistently well in the correlation check and the asset pricing test.

This paper is organized as follows. Section 2 summarizes various liquidity measures
based on the concept of liquidity. Section 3 describes the data and the estimation of li-
quidity measures. Section 4 presents the empirical results of correlation and BCS asset

pricing test. Section 5 concludes this paper.

2. Liquidity Measures

The liquidity measures are classified into four categories by the concept of liquidity.
The first category captures the notion of trading quantity: liquidity as the ability to trade
large quantities. The second category of liquidity measure catches the notion of price im-
pact: liquidity as the ability to trade with little price impact. The third category captures
the notion of frading cost: liquidity as the ability to trade at low cost. The fourth category
of liquidity measure catches the notion of trading speed (time): liquidity as the ability to
trade quickly. However, these concepts are not entirely exclusive from each other. Finally,
we propose a modified Amihud (2002) illiquidity measure which contains various dimen-

sions of liquidity.

2.1. Liquidity as Concept of Trading Quantity
2.1.1. Volume (Share / Won)
Trading volume generally indicates how much quantity investors trade. Brennan and

Subrahmanyam (1995) find that trading volume is an important determinant of the meas-



ure of liquidity. Brennan et al. (1998) and Chordia, Subrahmanyam, and Anshuman
(2001) use dollar trading volume as a liquidity measure in asset pricing tests and find that
volume has a significant and negative relation with risk-adjusted stock returns. Chordia et
al. (2000) show a strong cross-sectional relation between trading volume and liquidity

measures such as bid-ask spread and market depth.

2.1.2. Turnover

Turnover is the ratio of share volume to the number of stocks outstanding. Turnover
measures how much quantity investors trade and how fast investors change their positions
averagely relative to the total shares outstanding. Turnover is also used as the reciprocal
of representative investors’ holding period. Datar et al. (1998) use turnover as a liquidity
measure to investigate the cross-sectional relation between stock returns and liquidity.
Rouwenhorst (1999) implements the similar study for the 20 emerging markets and find a
significant role of turnover. Chordia, Subrahmanyam, and Anshuman (2001) use turnover
as well as dollar trading volume as liquidity measures in asset pricing tests. They find that

turnover has a significant negative relation with risk-adjusted stock returns.

2.2. Liquidity as Concept of Price Impact
2.2.1. Amivest Measure
Amivest liquidity ratio is the average ratio of share volume to absolute return over

all days with nonzero returns.

T T
Amivest, = Volume, | Y| return, | (D
t=1
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It is based on the intuition that in a liquid stock, a large trading volume may be real-
ized with small change in price. Cooper, Groth, and Avera (1985), Amihud, Mendelson,
and Lauterbach (1997), and Berkman and Eleswarapu (1998) use this measure as liquidity

measure in their own studies.



2.2.2. Amihud (2002)’s Illiquidity Measure
Amihud (2002) suggests a measure representing illiquidity as

Days, i
1 | th

Amihud’ = . :
! Days; 7= V),
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where R;d and Vt; are, respectively, the return and won/dollar volume (in 10 million

won / 10 thousand dollar) on day d in year ¢, and Daysf is the number of valid observa-

tion days in year ¢ for stock i. If a stock’s price moves a lot in response to little volume,
this stock has a high value of Amihud (2002) measure (This means that the stock is illig-
uid). Amihud (2002) shows that over time, expected market illiquidity positively affects
ex ante stock excess return, suggesting that expected stock return partly represents an il-
liquidity premium. Acharya and Pedersen (2005) employ this Amihud (2002) measure as

liquidity measure to estimate their asset pricing model with liquidity risk.

2.2.3. Kyle (1985)’s Lambda ()

Many economic studies such as Glosten and Harris (1988), Huang and Stoll (1997),
Madhavan et al. (1997), and Foster and Viswanathan (1991) suggest models that incorpo-
rate dynamics for orders and price changes. These models involve both permanent and
temporary effects. Permanent effect reflects the information content of order flows in line
with Kyle (1985) and Glosten and Milgrom (1985). Temporary component arises from
transient liquidity effects, inventory control behavior, and price discreteness, etc. To es-
timate the Kyle’s lambda (A), the Glosten and Harris (1988) model is adopted following

the suggestion of Brennan and Subrahmanyam (1996). The regression specification is
AB :in—i_l//(Qt_Qt—l)—i_ez (3)

where A is the adverse selection cost based on the permanent effect of trades, and  is the
temporary spread component reflecting the order processing cost, etc. P, is the trade price,

V, is the signed volume, and (), is the indicate variables representing trade direction (+1



for a buyer-initiated trade and —1 for a seller-initiated trade). Kyle’s lambda (A1) measures
the average price impact per one share. The larger is the Kyle’s lambda (A), the less liquid

1s the stock.

2.2.4. Reversal Measure of Pastor and Stambaugh (2003)

Pastor and Stambaugh (2003) suggest a reversal measure of liquidity. It is based on
the finding of Campbell et al. (1993) that in a regression of a stock’s daily return on its
signed lagged dollar volume, the coefficient is more negative for less liquid stock. This
implies that order flow induces a price adjustment that initially overshoots true value and
the reversion occurs with a lag. This is caused by the risk aversion of market maker. For
example, the decreasing of investors’ desired holdings causes sales to the market makers
(negative order flow) and the subsequent expected return must increase to compensate the
market makers for bearing more risk. Pastor and Stambaugh (2003) estimate the follow-

ing specification for each stock j :

e _ . e
Vign = ej +o1, +7’jSlg”(’”j,d)'Vj,d te “4)

where d indexes days, 7;,,,is the return on stock j in excess of the market return and

v, 4 is the daily won/dollar volume. The more negative value of y; is interpreted as the

less liquid stock.

2.3. Liquidity as Concept of Trading Cost
2.3.1. Bid-ask Spread

Bid-ask spread is the difference between ask price at which an investor is willing to
sell a security and bid price at which the investor is willing to purchase a security. The
bid-ask spread is an immediacy cost because it is paid when investors want to trade im-
mediately. Many studies rely on the bid-ask spreads (Stoll and Whalley, 1983; Amihud
and Mendelson, 1986, 1989; Eleswarapu and Reinganum, 1993; Kadlec and McConnell,
1994; Eleswarapu, 1997).



There are several kinds of bid-ask spread. First, quoted spread is the simple differ-
ence between ask price and bid price. Second, proportional (or percentage) spread is the
quoted spread normalized by the midpoint of bid and ask price. The proportional spread is

defined as

I Ask.  — Bid,
Proportional Spread, = Z# (5)
o (Ask,, + Bid, )/ 2

Third, effective spread is the difference between transaction price and the midpoint
of bid and ask price prevailing at the time the order was received. In the U.S. market,
market orders often transact at prices better than the posted bid-ask quotes for a variety of
reasons. This motivates the use of effective spread. Thus, the effective spread is the most
meaningful measure of liquidity and SEC obligate market centers to report summary sta-
tistics of effective spread periodically. Blume and Goldstein (1992), Lee (1993), and Pe-
tersen and Fialkowski (1994) find that the effective spread is approximately 50~70% of
the specialist’s quoted spread. Petersen and Fialkowski (1994) report that the cross-
sectional correlation between effective spread and quoted spread is less than 0.31.

However, there is no difference between quoted and effective spread in the order-
driven market such as the Korean market because trades always take place at quoted bid
or ask prices. Therefore, we adopt proportional spread as a liquidity measure in this

analysis.

2.3.2. Roll (1984)’s Spread
Roll (1984) suggests a simple model on the spread in an efficient market. The Roll’s
spread uses the bid-ask bounce-induced negative auto-covariance in daily returns to esti-

mate the effective spread. The Roll’s spread is defined as
Roll Spread, =2,/-COYV, (6)

where cov; is the auto-covariance of returns for stock i. In calculating the Roll’s spread,



we adopt the approach of Roll (1984), Lesmond et al. (1999), and Lesmond (2005); con-

verting all positive auto-covariances to negative.

2.3.3. Amortized Spread

Chalmers and Kadlec(1998) suggest the notion of amortized spread, the product of
the effective relative spread and the turnover, where 1/turnover is a proxy for the average
holding period. If the turnover is higher (the holding period is shorter), the higher impact
of trades to bid-ask spread make the amortized spread larger.

To calculate this measure, total won/dollar volume expended on bid—ask spreads for
each stock on each trading day are needed. A stock’s daily won/dollar spread is the sum
of the product of the absolute value of the effective spread, |P-M,|, and the number of
shares traded, ¥, over all trades for day 7, where P, is the transaction price and M, is the
midpoint of the prevailing bid—ask quote. Daily amortized spread for day 7 is this daily
won/dollar spread divided by the firm’s market value at day 7 (Pr * SharesOutr),

T
SIR=M,|Y,
P, - SharesOut,

()

Amortized Spread, =

Approximately amortized spread is equal to the effective spread times share turnover.

Amortized Spread ~ [£=M, 1, r 3
P SharesOut

In case of Korea, amortized spread is calculated as the product of the proportional

spread and the turnover of day 7.

2.4. Liquidity as Concept of Trading Speed (Time)
2.4.1. Proportion of Zero Daily Return

Proportion of zero daily return is used as liquidity measure. Zero daily return is re-
lated to trading speed because the days with zero return mean the delay or difficulty in

executing an order. It causes the interruption in the continuity of trading. Bekaert et al.



(2003) use this measure to examine the impact of liquidity on expected returns in emerg-
ing equity markets. They find the proportion of zero daily return can predict future returns

significantly.

2.4.2. Lesmond, Ogden, and Trzcinka (LOT) (1999) Measure

LOT measure is the liquidity measure based on a limited dependent variable (LDV)
model and uses only daily stock returns to estimate firm-level transaction cost. The intui-
tion for the approach is that if transaction costs prevent more informed traders from trad-
ing, then more zero return will be observed in a firm with larger transaction cost. Because
informed investors trade only when their gains from trading on mispricing exceed the
costs of trading, a transaction cost operates as a threshold.

Actually LOT found that the frequency of zero daily return is greater for firms with
larger trading cost. Firms with larger trading cost require a larger accumulation of news to
overcome the trading cost threshold and their returns of nonzero-return days are expected
to be larger than others.

The LDV model is characterized by the following equation:

RG,0)=R*(i,t)—cl(i)  if R*(i,t) < al(i)
R(Gi,1)=0 if al(i) < R*(i,t) < a2(i) 9)

RGO =R*@i,t)—a2()  if R*(i,t) > a2(i)

where al(i) <0 is the sell-side trading cost for asset i, @2(i) > 0 is the buy-side cost, R(i,2)
is the return of stock i, and R*(i,¢) is the unobserved return in a frictionless market. LOT
use the market model regression as the return-generating process for the informed trader.
The specification is R*(i,r)=b(i)R,, (¢)+e(i,t) » where R, (¢)is the market return
(KOSPI return / CRSP value-weighted market return) and e(i,f) captures all other in-
formation.

An econometric model can be formed by using the market model and equation (9).
The assumption that return’s distribution is normal makes the estimation of a/ and a2

possible by maximizing the following log-likelihood function:
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where R;, R, and R, represent the region where the measured return R(i,¢) is in the non-
zero negative, the nonzero positive, and the zero regions respectively. b(i) and ofi)’ are

the market risk beta estimate and the variance of the nonzero observed returns. @ (i)

represents the cumulative distribution function for each stock i evaluated at region j. The
terms of equation (10) corresponds to the negative returns, the positive returns, the zero-
returns of equation (9) respectively.

The LOT transaction cost is the difference between a2(i) and al(i): a2(i) - al(i),
which means the implied round trip transaction costs. LOT show that their measure is
actually at least 30% lower than quoted spread plus commission regardless of firm size.
It means that the LOT transaction cost is relatively conservative measure compared to the

most immediacy transaction costs.

2.4.3. Liu (2006) Measure
Liu (2006) suggests a liquidity measure defined as the standardized turnover-
adjusted number of zero daily trading volumes over the prior x months. This measure par-

ticularly emphasizes on trading speed. Liu (2006)’s measure of liquidity is defined as

1/(x —month turnover) “ 21x (11)

Liu, =[Number of zero daily volumes in prior x months +
Deflator NoTD

where x-month turnover is turnover over the prior x months, calculated as the sum of
daily turnover over the prior x months, and NoTD is the total number of trading days in

the market over the prior x months. Deflator is chosen such that

10



1/(x —month turnover) <1 (12)
Deflator

0<

The number of zero daily trading volumes plays a major role in determining the li-
quidity measure. Adjusted turnover plays a secondary role because its value is between 0
and 1. If there are two stocks with the same integer number of zero daily trading volumes,
we can decide that the stock with the larger turnover is more liquid. The multiplication by
the factor 2/x / NoTD normalizes the number of trading days in a month to 21. It makes
the liquidity measure comparable over time because the number of trading days in a

month can vary over time.

2.5. Modified Amihud (2002) Measure
In this section, we propose a modified Amihud (2002) illiquidity measure which con-
tains various dimensions of liquidity. The modified Amihud (2002) illiquidity measure is

defined as

Days,

13
Days, ; ><(1 alog(1- zero)) (13)

t

where R!, and V, are, respectively, the return and won/dollar volume (in 10 million
won / 10 thousand dollar) on day d in year ¢, and Days: is the number of valid observa-
tion days in year ¢ for stock i. zero is the proportion of no trading volume day (0<= zero

<1), and « is the arbitrary constant determining the slope of log curve.

The original Amihud (2002) measure is defined as

Davs,
Amihud! = 5 Z (14)
ays[ d=1 td

This Amihud (2002) measure represents the illiquidity of individual stock. If a

stock’s price moves considerably in response to little volume, this stock has a high value
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of Amihud measure; It means that the stock is illiquid. However, Amihud (2002) state
that “...the illiquidity measure presented in this study can be regarded as empirical prox-
ies that measure different aspects of illiquidity. It is doubtful that there is one single
measure that captures all its aspects.” (p.35). Motivated by his statement, I develop a
modified Amihud (2002) illiquidity measure reflecting various dimensions of liquidity.

Amihud (2002) measure has the following merits. First, the Amihud (2002) measure
is easy to obtain because it is estimated from data readily available over long periods for
most markets: daily return and volume (amount) data. Second, it follows Kyle (1985)’s
concept of illiquidity, the response of price to the order flow; absolute (percentage) price
change per won/dollar of daily trading volume, which can measure the daily price impact
of the order flow. Third, the Amihud (2002) measure is strongly related to the liquidity
measures such as the Amivest measure and the proportional spread. Fourth, it has the
same economic concept as the reversal measure of Pastor and Stambaugh (2003); return
scaled by trading volume. Fifth, it includes the concepts of liquidity such as trading quan-
tity, trading cost, and price impact.

However, the Amihud (2002) measure also has its own drawbacks. First, the Ami-
hud (2002) measure misses the concept of trading speed, which the liquidity measure
should have, because it does not take account of the number of non-trading days. Second,
the Amihud (2002) measure has the effect of extreme value. To solve the second problem,
the wonsorization or the deletion is applied to Amihud (2002) measure at 1% level.

To solve the first problem, I develop a modified Amihud (2002) illiquidity measure
complementing the dimension of trading speed. To understand the first problem easily, an
example is given in Figure 1. The first problem stems from the measure’s shortcoming
that only valid observation days are counted in calculating the Amihud (2002) measure.
The first case in Figure 1 has all six trading days and the Amihud (2002) measure is 0.1.
The second case in Figure 1 has four trading days among six days and the Amihud (2002)
measure is 0.1. The third case in Figure 1 has only one trading day among six days and
the Amihud (2002) measure is 0.1. All three cases have the same value of Amihud (2002)
measure, 0.1. However, we can intuitively know that the stock of the third case is ex-
tremely illiquid because the investor who wants to trade the stock will suffer a great deal

of difficulty in fulfilling the transactions.
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Therefore, we introduce a modifying factor, 1—alog(l—zero) and multiply the

original Amihud (2002) measure by this modifying factor to adjust the time concept of
illiquidity. The value of modifying factor depends on zero and arbitrary constant, a. The
curve of the modifying factor is presented in Figure 2. When zero is 0, the modifying fac-
tor is 1 and the modified Amihud (2002) measure is the same as the original Amihud
(2002) measure. As zero rises gradually from 0 to 1, the modifying factor becomes
greater than 1 and at the same time the modified Amihud (2002) measure becomes
greater than the original Amihud (2002) measure. The range of zero is [0, 1). The value
of zero is not defined at 1 because it means no trading occurs through all trading days. As
zero becomes closer to 1, the illiquidity goes to the infinite. It means that a stock is ex-
tremely illiquid because the trading itself is impossible. Therefore, using the modifying
factor can reflect the solvency constraints of firm (Lustig, 2001; Holmstrom and Tirole,
2001) and the ‘lock-in-risk’ of investor that they can not sell out securities when they

want to liquidate them (Liu, 2006).

3. Data

3.1. Data

Comparisons of liquidity measures are performed on the Korean and the U.S. market.
The Korean sample includes all non-financial firms listed in the Korean stock market for
the period 1993~2004. IFB/KSE (high frequency), KSRI and KIS-VALUE (daily) data
are used to obtain liquidity measures.

Daily bid-ask quotes are obtained from the best bid/offer (BBO) quotations of the
IFB/KSE database. The IFB/KSE database is composed of three parts: order data, trade
data, and BBO data. The BBO data include quotation time, best bid price with depth, and
best offer price with depth. For each stock, daily proportional spread is calculated by av-
eraging all BBO quotes at the transaction during the continuous auction period. Then the
yearly averages of daily proportional spreads are obtained. In this method, the yearly pro-
portional spreads of sample firms are calculated for the period 1993~2004. Daily bid-ask

quotes data are also used to calculate the amortized spread. Kyle’s lambda (1) is estimated
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from equation (3) using the price, volume, and trading direction data from the IFB/KSE.
Number of trades is obtained from the IFB/KSE as well.

Daily volume, daily trading amount, and number of stock outstanding are obtained
from the KIS-VALUE database for the period 1993~2004. The data are used to calculate
annual volume, trading amount, and turnover. Volume data are also used to obtain Amiv-
est liquidity ratio, amortized spread, and Liu’s measure. Trading amount data are also
used to obtain Amihud illiquidity measure and Pastor/Stambaugh’s reversal measure.

Daily stock return data are derived from the KSRI database. The data are used to cal-
culate Amivest liquidity ratio, Amihud (2002) measure, Pastor/Stambaugh’s reversal
measure, Roll’s spread, proportion of zero daily return, and LOT measure.

The U.S. sample includes all non-financial firms listed in the NYSE /AMEX for the
period 1993-2004. The firms whose data are available in the CRSP database are included
in the sample. The share code is used to exclude the following categories: certificates,
American depository receipts, shares of beneficial interest, units, Americus Trust compo-
nents, closed-end funds, and real estate investment trusts. Because their trading character-
istics and accounting rules might differ from ordinary equities, stocks of financial firms,
funds, and preferred stocks are removed from the sample. The firms whose prices are be-
low 5 dollar are excluded from the sample.

Daily bid-ask spread, daily volume, daily trading amount are obtained from the
CRSP database. Turnover, Amivest measure, Pastor/Stambaugh’s reversal measure, Ami-
hud (2002) measure, Roll (1984) spread, proportion of zero daily return, LOT measure,
and Liu (2006) measure are calculated from the daily data of the CRSP.

3.2. Estimation of Liquidity Measures
For a particular firm and year, each liquidity measure is estimated as follows:
- Volume / Trading amount
Annual volume and trading amount is the sum of daily volume and trading volume
for one year.
- Turnover
Monthly turnover is used to calculate the annual turnover according to Datar et al.

(1998). Annual turnover is the average of monthly trading volume divided by the
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number of shares outstanding.

- Number of trades (Only in Korea)
Number of trades is obtained from the IFB/KSE.

- Amivest liquidity ratio
If a daily return is zero, it is treated as a missing value. In case of Korea, Amivest li-
quidity ratio is divided by 10 (in case of U.S., divided by 10°) to adjust the scale be-
cause the volume is much larger than the return.

- Amihud illiquidity measure
If a daily trading amount is zero, Amihud illiquidity measure cannot be calculated. In
this case, it is treated as a missing value. In case of Korea, Amihud (2002) measure
is multiplied by 107 (in case of U.S., mutiplied by 10*) for adjusting the scale.

- Kyle’s lambda (1) (Only in Korea)
Kyle’s lambda (1) is estimated from equation (3) using OLS regression. If Kyle’s
lambda is negative, it is treated as a missing value. Negative value has no meaning
because Kyle’s lambda (1) is a sort of transaction cost.

- Pastor/Stambaugh’s reversal measure
Pastor/Stambaugh’s reversal coefficient for signed volume is estimated from equa-
tion (4) using OLS regression. Firms with at least 50 trading days are included in the
sample.

- Proportional spread
In case of Korea, daily spread is calculated by averaging all the transaction during
the continuous auction period. Then the yearly averages of daily proportional
spreads are obtained. In case of the U.S., daily closing bid-ask prices are used to cal-
culate daily spread, and then the yearly averages of daily proportional spreads are
calculated.

- Roll’ spread
If number of daily returns is less than 50 in one year, it is excluded from the sample
to obtain a reliable parameter.

- Amortized spread (Only in Korea)
Daily amortized spread is the product of daily proportional spread and turnover.

Then the yearly averages of daily amortized spreads are obtained.
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- Zero
The proportion of zero daily return is the number of zero daily returns divided by the
number of total trading days in that year.

-LOT
LOT measure is estimated by the maximum likelihood estimation. If the observation
of trading days is less than 50 or the estimation cannot be converged, it is excluded
from the sample.

- Liu
Liu (2006)’s measure is calculated by equation (11).

Table 1 reports the summary statistics of liquidity measures in Korea. The mean of
volume is about 113 billion shares, but the median is lower (19 billion shares). This
shows that its distribution is skewed to the right. The pattern that median is lower than
mean is also founded in other measures except the Pastor/Stambaugh’s measure. The dis-
tributions of most measures exhibit extreme values. For example, maximum of turnover
is about 107 while their median and third quartile are 0.23 and 0.42 respectively.

Table 2 represents the annual summary statistics of liquidity measures in Korea. The
median is used to explain the measures because the mean is vulnerable to the effect of
extreme values. Liquidity is expected to be in the lowest level around 1997, when the Ko-
rea faced the financial crisis. As expected, the medians of volume, trading amount, turn-
over, Amivest measure, and Pastor/Stambaugh’s measure are at the lowest during the pe-
riod 1996-1998. The medians of Amihud measure, Kyle’s lambda, proportional spread,
Roll’s spread, amortized spread, proportion of zero daily return, LOT measure, and Liu
measure are at the highest illiquidity during the period 1996~1998. In case of Pas-
tor/Stambaugh measure, the median in 1998 is positive value (0.048) contrary to the theo-
retical expectation.

Table 3 represents the summary statistics of sample firms in the U.S. The mean of
volume is about 96 million shares, but the median is lower (18 million shares). This
means that its distribution is skewed to the right. Other measures show the same pattern
that median is lower than mean as well. The distributions of most measures exhibit ex-

treme values. For example, maximum of turnover is about 41, while their median and
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third quartile are 0.68 and 1.19 respectively. The mean of the modified Amihud (MA)
measure is 4.25, and its standard deviation is 24.74. The MA measure is larger than the
original Amihud (2002) measure because the modifying factor is greater than 1. Table 4

reports the annual summary statistics of liquidity measures in the U.S.

4. Empirical Results

4.1. Correlation of Liquidity Measures

Correlations between liquidity measures are investigated in this section. This analy-
sis can check the internal consistency of measures. Table 5 and Table 6 present the corre-
lations between liquidity measures in Korea and the U.S. respectively. Panel A represents
Pearson correlation and Panel B represents Spearman correlation. Spearman correlation is
employed to pick up the non-linear and monotonic associations between measures.

Correlation comparisons are performed in two ways. The first is the relative com-
parison between liquidity measures. The second is the absolute comparison, which em-
ploys an absolute standard to compare liquidity measures.

The relative comparisons are employed for the following reasons. If measures are
devised to be similar economically, high correlations are expected. However, most meas-
ures are devised to capture different aspect of liquidity, and thereby they are in the lack of
economic similarity. It is difficult to compare measures using the absolute value of corre-
lation since we cannot know which liquidity measure is really correct. Therefore, the sign
of Spearman correlation is used for the cross-check. Though each pair does not have its
own benchmark value of correlation, it has a sign that should appear in the normal rela-
tion. For example, in the case of the more liquid stock, the volume is higher while the
Amihud (2002) illiquidity measure is lower. Thus, the correlation between volume and
the Amihud (2002) measure should be negative. Every pair of liquidity measures has its
own desirable sign.

We should be cautious about the difference between liquidity measure and illiquidity
measure. Liquidity measure is higher when the stock’s liquidity is higher. On the contrary,

illiquidity measure represents stock’s illiquidity and is higher when the stock’s liquidity is
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lower. Illiquidity measures includes the Amihud (2002) measure, the MA measure, the
Kyle’s lambda, the proportional bid-ask spread, the Roll (1984)’s spread, the amortized
spread, the proportion of zero daily return, the LOT measure, and the Liu (2006) measure.
Because the illiquidity measures make it confusing to check the signs of Spearman corre-
lations, they are converted into the liquidity measures by multiplying the minus sign.
Therefore, all signs of correlation between measures should be positive if each measure
has a normal relation. These signs of Spearman correlations are checked in the Panel C of
Table 5 and Table 6. Panel C contains a shadow effect in a block if its sign violates nor-
mal relation (has a minus sign).

In the case of Korea (Table 5), each measure has 14 relations with others. We count
the number of violations for each measure. The volume has 3 violations, the trading
amount has 2 violations, the turnover has 3 violations, the number of trades has 3 viola-
tions, the Amivest liquidity ratio has 3 violations, the Pastor/Stambaugh’s measure has 8
violations, the Amihud measure has no violation, the modified Amihud measure has no
violation, the Kyle’s lambda has no violation, the proportional bid-ask spread has 1 viola-
tion, the Roll’s spread has 7 violations, the amortized spread has 7 violations, the propor-
tion of zero daily return has 3 violation, the LOT measure has 1 violation, and the Liu’s
measure has 3 violations. In conclusion, the Amihud measure, the modified Amihud
measure, and the Kyle’s lambda perform the best. The Pastor/Stambaugh measure, the
Roll’s spread, and the amortized spread seem to be problematic. The Pastor/Stambaugh
measure and the Roll’s spread assume the negative autocorrelation of daily return; never-
theless, autocorrelation of daily return is not always negative and it does not only reflect
the liquidity effect. Hasbrouck (2004) also argues that the Pastor/Stambaugh’s reversal
measure of individual stock shows large estimation errors in the U.S. (NYSE, AMEX,
and NASDAQ) pointing out that Pastor and Stambaugh (2003) do not use these measures
for individual firms, but only employ them to form portfolios.

Because Pastor and Stambaugh (2003) measure can distort the results, We count the
number of violations for each measure excluding Pastor and Stambaugh (2003) measure.
The volume has 2 violations, the trading amount has 2 violations, the turnover has 2 vio-
lations, the number of trades has 2 violations, the Amivest liquidity ratio has 2 violations,

the Amihud measure has no violation, the modified Amihud measure has no violation, the
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Kyle’s lambda has no violation, the proportional bid-ask spread has no violation, the
Roll’s spread has 7 violations, the amortized spread has 7 violations, the proportion of
zero daily return has 2 violations, the LOT measure has no violation, and the Liu’s meas-
ure has 2 violations. In conclusion, the proportional bid-ask spread and the LOT measure
are included into the best measures additionally.

In the case of the U.S. (Table 6), each measure has 11 relations with others. We
count the number of violations for each measure. The volume has 1 violation, the trading
amount has 1 violation, the turnover has 2 violations, the Amivest liquidity ratio has 1
violation, the Pastor/Stambaugh’s measure has 11 violations, the Amihud measure has 1
violation, the modified Amihud measure has 1 violation, the proportional bid-ask spread
has 1 violation, the Roll’s spread has 3 violations, the proportion of zero daily return has
2 violations, the LOT measure has 1 violation, and the Liu’s measure has 1 violation.
When the Pastor and Stambaugh (2003) measure is excluded, the volume, the trading
amount, the Amivest liquidity ratio, the Amihud measure, the modified Amihud measure,
the proportional bid-ask spread, the LOT measure, and the Liu’s measure have no viola-
tion.

The absolute comparisons, which employ an absolute standard to compare the li-
quidity measures, are performed as follows. The key of absolute comparison is to select
the absolute standard to compare the liquidity measures. First, the widely used proxies for
liquidity are introduced to examine their relations with the liquidity measures. Size and
B/M are used as comparison standards of liquidity measures. Size is positively related
with liquidity since a larger stock has a smaller price impact for a given order flow and a
smaller bid-ask spread (Amihud, 2002). B/M is negatively related with liquidity since a
distressed firm has a poor liquidity if B/M represents the distress risk (Liu, 2006). In case
of Korea, the trading amount, the Amihud measure, the MA measure, the proportional
bid-ask spread, and the amortized spread are highly correlated with firm size; that is, they
are above 0.5 in the absolute value of Spearman correlation. The trading amount, the
Amihud (2002) measure, the MA measure, and the proportion of zero daily return are
highly correlated with B/M; that is, they are above 0.2 in the absolute value of Spearman
correlation.

Second, the bid-ask spread is used as an absolute standard. The most precise meas-
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ure of liquidity is the bid-ask spread because it is computed from high-frequency data.
Many researchers are interested in an alternative liquidity measure to high-frequency
measure since in many case they cannot obtain high-frequency measure, such as the bid-
ask spread and depth. They want to know what measure can replace high-frequency
measures. When proportional bid-ask spread is chosen as absolute comparison standard,
the trading amount, the number of trades, the Amihud (2002) measure, and the MA meas-
ure are highly correlated with the bid-ask spread; that is, they are above 0.7 in the abso-
lute value of Spearman correlation.

The same procedure is implemented to the liquidity measures of the U.S. Table 6
shows the correlations between firm characteristic variables and liquidity measures in the
U.S. The volume, the trading amount, the Amivest measure, the Amihud (2002) measure,
the MA measure, and the LOT measure are highly correlated with the firm size; that is,
they are above 0.7 in the absolute value of Spearman correlation. The proportion of zero
daily return and the LOT measure are highly correlated with the bid-ask spread; that is,

they are above 0.2 in the absolute value of Spearman correlation.

4.2. Liquidity Measures and Stock Returns

The relation between stock returns and liquidity measures is examined in this section.
The method of Brennan, Chordia, and Subrahmanyam (1998) (BCS) is adopted as em-
pirical asset pricing framework. Instead of examining the excess returns on portfolio,
BCS method examines the risk-adjusted returns of individual stocks.

The BCS procedure can be summarized as follows. BCS assume that returns are
generated by an L-factor model. In this paper, we use the Fama and French (1993) three
factor model as an L-factor model. An approximate factor model in which the return on

the jth security is given by:
L
R,=ER)+.B,.f.+e, (15)
k=1

where f; is a vector of factor realizations at time ¢, and f; contains the factor loadings for

security j. The APT implies that expected returns can be written as
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E(R,)-R,, = > A By (16)

where Ry, is the risk-free return, and /; is the risk premia for factor k. Substituting from

equation (16) in equation (15), the realized returns are
L
R,-R, =Y B.F.+e, (17)
k=1

where Fj,=1;, +fi.. The key question is the extent to which the firm characteristics have
incremental explanatory power for returns relative to the Fama and French (1993) three
factor benchmark. The Fama and MacBeth (1973) method is introduced to estimate the

following equation:

L M
Rjt _RFt = ca + Zﬂjk»fkt +zcmijt + ejt (18)
k=1

m=1

where Z,;; is the value of characteristics m for stock j in month ¢. The estimated risk-

adjusted returns of stock j for each month ¢, are then calculated as
* L A
Rjt ERjt_(RFt+zﬂjkEct) (19)
k=1

To calculate the risk-adjusted returns of stock j, I use the Fama and French (1993)
three factor model. Factor loadings f; are estimated for all stocks that have at least 26
return observations over the prior 60 months. For each month ¢, the risk-adjusted returns

are regressed against the set of firm characteristics (liquidity measures in this analysis):
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m~ mjt

M
R,=c,+).¢,Z,, +¢€, (20)
m=1

In this paper, Z,;; consists of liquidity measures. Under the null hypothesis that the
characteristics (here liquidity measures) do not affect returns, the coefficients of ¢,, will
be equal to zero. BCS suggest two approaches to summarize the time series of these esti-
mates: the time-series average of the coefficients associated with the characteristics (the
standard Fama and MacBeth (1973) estimator) and the purged estimator developed by
Black and Scholes (1974).

The usage of BCS regression is based on the recent studies on the liquidity asset
pricing, in which many researchers argue that liquidity should be priced in the asset prices
(Amihud and Mendelson, 1986; Data et al., 1998; Brennan and Subrahmanyam, 1996;
Pastor and Stambaugh, 2003; Acharya and Pedersen, 2005; Liu, 2006). However, this me-
thodology has a limitation because it tests the joint hypothesis that liquidity should be
priced and a certain liquidity measure reflects the true liquidity of firms precisely. Has-
brouck (2004) also employ the BCS regression method to compare the liquidity measures
in the U.S. stock market.

Table 7 reports the BCS regression results in Korea. Values in the table are time-
series averages of monthly coefficients of cross-sectional regression. The first specifica-
tion incorporates one liquidity proxy at one time. In this univariate regression, coeffi-
cients of the volume, the trading amount, the turnover, the number of trades, the Amivest
measure, the Amihud illiquidity measure, the MA measure, the bid-ask spread, the pro-
portion of zero daily return, and the LOT measure have negative and significant relations
with adjusted returns (at 10% level). When the liquidity measures in the same category
are included in the regression at a time, the trading amount, the Amihud illiquidity meas-
ure, the proportional bid-ask spread, and the proportion of zero daily return are the best
measures in each category.

Table 8 represents the BCS regression results in the U.S. In the univariate regression,
coefficients of the turnover, the Amihud illiquidity measure, the MA measure, and the
Liu measure have negative and significant relations with adjusted returns (at 10% level).

When the liquidity measures in the same category are included in the regression at one
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time, the turnover, the Amihud illiquidity measure, the bid-ask spread, and the Liu meas-

ure are the best measures in each category.

5. Conclusion

This paper compares various liquidity measures to find which of these measures is
the most appropriate. Based on the definitions of O’Hara (2001) and Liu (2006), liquidity
measures are classified into four categories. The first category captures the notion of trad-
ing quantity, in which volume, trading amount, number of trades, and turnover are in-
cluded. The second category of liquidity measure catches the notion of price impact, in
which Amivest liquidity ratio, Amihud (2002) illiquidity measure, modified Amihud
(2002) (MA) measure, Kyle’s lambda (1), and Pastor and Stambaugh (2003)’s reversal
measure are included. The third category captures the notion of trading cost, in which
proportional spread, Roll’s spread, and amortized spread are included. The fourth cate-
gory catches the notion of trading speed (time), in which proportion of zero daily return,
Lesmond, Ogden, and Trzcinka (1999) (LOT)’s transaction cost, and Liu (2006) measure
are included.

Analyses are performed on sample firms listed in the Korean and the U.S. stock mar-
ket for the period 1993~2004. Liquidity measures are compared by using two methodolo-
gies. One is a correlation check between liquidity measures that will reveal the internal
consistency of measures. The other method is to investigate the relationship between risk-
adjusted returns and liquidity measures. The empirical asset pricing framework of Bren-
nan, Chordia, and Subrahmanyam (1998) (BCS) is adopted.

In the correlation analysis, the Amihud (2002) measure, the MA measure, and the
proportional bid-ask spread prove to be the best measures in both Korea and the U.S.
However, Pastor/Stambaugh’s reversal measure performs poorly. This measure is corre-
lated with other liquidity measures in the opposite direction unlike theoretical explana-
tions. In the BCS regression, the volume, the trading amount, the turnover, the number of
trades, the Amivest measure, the Amihud (2002) illiquidity measure, the MA measure,
the bid-ask spread, the proportion of zero daily return, and the LOT measure have nega-

tive and significant relations with adjusted returns in the Korean sample. In the case of
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the U.S., the turnover, the Amihud (2002) illiquidity measure, the MA measure, and the
Liu (2006) measure are significantly correlated with risk-adjusted returns.

The most precise measure of liquidity is the bid-ask spread. Many researchers are in-
terested in another liquidity measure because they cannot obtain high-frequency measures,
such as the bid-ask spread and depth. They want to know which measure can replace
high-frequency measures. When the proportional bid-ask spread is chosen as an absolute
comparison standard, the Amihud measure and the MA measure are highly correlated
with the bid-ask spread. Eventually, the Amihud (2002) measure and the MA measure

perform consistently well in the correlation check and the asset pricing test.
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Table 1. Summary statistics of liquidity measures in the Korean sample
This table reports the summary statistics of various liquidity measures. Each liquidity measure is calculated

for one year during 1993-2004. Volume is the number of shares traded at the continuous auction for one year
in billion shares. Trading amount is the total amount traded at the continuous auction for one year in billion

won. Turnover is the annual average of monthly turnovers, which are the numbers of shares traded for one

month scaled by the number of stocks outstanding. The Amivest measure is ZT:VO lume. ZT: for one

| return, |
i=1 i=1

year (multiplied by 10%). The Pastor and Stambaugh (2003)’s reversal measure is estimated from the regres-

.
sion equation r = =0. o+ 7,Slgn( d) Viateian ,where d indexes days, gl the return on

stock j in excess of the market return and Vi is the daily won volume (in billion won). The Amihud (2002)

. Days, . . .
measure is 1 ‘| R, Ml | -where R and y are, respectively, the percentage return and won volume
i
Days; =V,

(in 10 million won) on day d in year ¢, and Days: is the number of valid observation days in year t for

stock i. MA (Modified Amihud (2002)) measure is defined as ;i _ | DZ’: \R,’d

[ = x (1-alog(l—zero))>
Dayst o vy

where zero is the proportion of no trading volume day, and « is the arbitrary constant determining the slope of

log curve (¢ = 1 in this paper). Kyle’s A is estimated from the regression equation
AP = AV, +w(Q,— 0O, ) +e,, where P, is the trade price, V, is the signed volume, and ), is the indicate
variables representing trade direction (+1 for a buyer-initiated trade and —1 for a seller-initiated trade). Pro-

portional spread is defined as ZT: Ask, — Bid,  where ASkt denotes a ask price at time t, Bid, denotes
' (Ask, + Bid,)/ 2

a bid price at time t. The Roll (1984)’s spread is defined as »_[_coy. , where cov; is the auto-covariance of

T
2l B-M Y \R-M| ¥
P, - SharesOut, P SharesOut

returns for stock i. Amortized spread is defined as , Where P,

is the transaction price, M, is the midpoint of the prevailing bid—ask quote, V; is the number of shares traded
over all trades, and SharesOut is the number of shares outstanding. Zero is the number of days with zero re-
turns divided by total number of trading days. LOT (1999) measure is the difference between a2(i) and al(i)
estimated from estimation (2-10). Liu (2006) is defined as

1/(x —month turnover) o 21x , where x-month

[Number of zero daily volumes in prior x months +
Deflator NoTD

turnover is turnover over the prior x months, calculated as the sum of daily turnover over the prior x months
and NoTD is the total number of trading days in the market over the prior x months. Deflator is chosen such

that o 1/(x—month turnover) = (in this table, deflator=40,001).
Deflator
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Variables Source N  Mean Std Min Ql  Median Q3 Max
Volume KIS-VALUE 6,605 113 1,327  0.000 7 19 63 99,128
Trading 1o VAT UE 6,605 5455 26,102 0041 578 1334 3151 722.220
amount
Turnover KIS-VALUE 6,605 0.422  1.641 0.000 0.112 0228 0420 106.558
N“trf;’jg of |FB/KSE  6.605 63368 158,684 6.000 10344 21473 58.888 6,031,014
Amivest | KSR/ 004 0140 0980 0000 0012 0032 009 66829
mivest (1o vALUE & . . . . . . .
Pastor KSRI
StambaughKIS-VALUE 0480 0023 2046 33411 0254 0018 0144 45614
. KSRI
Amihud o007 p 6,605 0.661 3208 0.000 0.045  0.124 0346 115546
MA KSRI 605 0882  7.105 0000 0.045 0.124 0348 250.246
KIS-VALUE ' : ' : ’ ' '
Kyle " \rp/KSE 6420 0024 0.190 0000 0001 0004 0015  9.536
lambda
Prop. = eBKSE 6605 0012 0009 0001 0007 0011 0015 0.099
spread
Roll KSRI 6562 0.023 0015 0.000 0013 0020 0030  0.119
Amortized KSRI
spread  KISVALUE 6605 0048 0173 0000 0011 0024 0046 8538
Zero KSRI 6,605 0.096  0.062 0.000 0.057 0085 0122  0.875
LOT KSRI 6565 0.010 0010 0.000 0.006 0.008 0.011 0.210
Li KSRI 605 3476 16136 0000 0.000 0000 0863 246270
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Table 2. Annual distributions of liquidity measures in the Korean sample
These tables report the annual summary statistics of various liquidity measures in Korea for the period 1993-
2004. The explanations for liquidity measures are in the Table III-1.

A. Volume
Year N Mean Std Min Ql Median Q3 Max
1993 459 21.141 27.056 0.267 4.997 10.491 26.789 254.916
1994 472 29.632 37.530 0.007 7.132 15.986 35.425 274.856
1995 491 18.868 25.533 0.000 3.709 9.248 22.160 187.069
1996 562 23.590 34.774 0.000 4.758 10.566 26.258 294.589
1997 619 33.858 55.228 0.000 6.194 14.231 33.945 490.508
1998 569 50.516 76.564 0.008 8.668 24.304 56.396 604.977
1999 530 118.710  228.545 0.053 13.015 38.805 115.768 1,898.433
2000 525 120.368  259.069 0.096 12.190 42.014 118.357 3,122.032
2001 533 172.591 1,353.342 0.029 10.879 36.632 106.116  30,690.783
2002 617 347.518 4,016.598 0.059 8.674 37.343 154.113  99,127.753
2003 616 217.019  861.617 0.049 4.210 20.095 107.363  14,082.128
2004 612 135.449  459.726 0.046 4.540 20.021 104.655 7,865.994

B. Trading amount
Year N Mean Std Min Ql Median Q3 Max
1993 459 1,865 2,552 122 678 1,099 1,880 23,334
1994 472 3,401 6,434 1 978 1,723 3,245 70,365
1995 491 1,975 4,292 0 536 1,003 2,063 75,345
1996 562 1,875 2,688 0 693 1,188 2,113 36,373
1997 619 2,146 3,083 0 832 1,473 2,486 38,880
1998 569 2,527 7,097 4 460 915 2,084 105,230
1999 530 11,297 32,755 5 1,233 2,616 7,420 430,766
2000 525 9,005 39,865 44 733 1,858 5,472 690,752
2001 533 6,183 31,469 18 574 1,435 3,711 605,454
2002 617 9,455 44210 18 572 1,566 5,685 722,220
2003 616 7,034 29,362 13 205 748 3,518 550,245
2004 612 7,520 33,758 6 223 819 3,860 679,800

C. Turnover
Year N Mean Std Min Ql Median Q3 Max
1993 459 0.310 0.189 0.022 0.154 0.276 0.430 1.201
1994 472 0.277 0.150 0.001 0.159 0.250 0.367 0.841
1995 491 0.157 0.105 0.000 0.077 0.135 0.214 0.633
1996 562 0.206 0.147 0.000 0.090 0.177 0.286 0.894
1997 619 0.239 0.183 0.000 0.100 0.196 0.331 1.223
1998 569 0.372 0.502 0.001 0.174 0.292 0.458 7.710
1999 530 0.463 0.343 0.007 0.223 0.388 0.613 2.802
2000 525 0.492 0.528 0.007 0.175 0.327 0.667 6.098
2001 533 0.513 0.683 0.003 0.142 0.277 0.635 7.790
2002 617 0.645 1.388 0.004 0.123 0.266 0.662 26.197
2003 616 0.813 4.905 0.002 0.055 0.145 0.350 106.558
2004 612 0.467 1.214 0.004 0.049 0.130 0.375 16.332
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D. Number of trades

Year N Mean Std Min Ql Median Q3 Max

1993 459 10,882 10,509 1,181 5,335 8,036 12,363 125,039
1994 472 16,598 16,423 17 7,525 12,688 19,241 157,454
1995 491 14,530 14,735 279 5,966 10,344 18,035 142,755
1996 562 16,167 12,450 222 8,372 12,814 20,186 123,161
1997 619 20,289 16,684 6 10,447 16,389 25,699 159,498
1998 569 28,293 38,159 28 10,798 17,627 31,729 332,573
1999 530 98,070 161,511 116 22,500 43,560 99,524 2,010,968
2000 525 114,015 189,053 935 31,348 61,014 131,168 2,754,377
2001 533 99,396 248,808 573 25,037 58,561 107,829 5,268,121
2002 617 127,468 292,916 932 22,856 58,845 139,781 6,031,014
2003 616 92,623 172,639 209 10,638 31,813 103,424 2,254,381
2004 612 98,562 157,788 225 12,098 36,333 109,612 1,821,166

E. Amivest liquidity ratio

Year N Mean Std Min Q1 Median Q3 Max

1993 459 0.058 0.073 0.001 0.014 0.030 0.076 0.590
1994 472 0.051 0.064 0.000 0.012 0.028 0.063 0.400
1995 491 0.036 0.047 0.000 0.007 0.019 0.044 0.352
1996 562 0.039 0.053 0.000 0.009 0.019 0.046 0.481
1997 618 0.043 0.066 0.000 0.008 0.020 0.044 0.559
1998 569 0.049 0.075 0.000 0.009 0.023 0.056 0.662
1999 530 0.130 0.232 0.000 0.017 0.046 0.135 1.684
2000 525 0.130 0.260 0.000 0.015 0.047 0.135 3214
2001 533 0.243 1.221 0.000 0.023 0.070 0.184 26.768
2002 617 0.367 2.749 0.000 0.018 0.065 0.244 66.829
2003 616 0.275 0.944 0.000 0.010 0.044 0.179 15.372
2004 612 0.195 0.561 0.000 0.012 0.046 0.171 8.384

F. Pastor/Stambaugh reversal measure

Year N Mean Std Min Ql Median Q3 Max

1993 458 0.090 0.339 -1.306 -0.078 0.051 0.202 1.635
1994 465 -0.078 0.981 -15.966 -0.119 0.002 0.120 4.058
1995 479 -0.067 0.608 -5.761 -0.198 -0.010 0.141 2.287
1996 545 -0.179 0.889 -9.969 -0.270 -0.058 0.101 4.357
1997 593 -0.140 0.971 -13.887 -0.307 -0.061 0.100 11.752
1998 551 0.412 3.944 -23.477 -0.281 0.048 0.477 45.614
1999 517 -0.111 1.187 -9.234 -0.233 -0.038 0.051 17.195
2000 520 -0.140 1.830 -17.062 -0.380 -0.060 0.079 20.734
2001 523 -0.100 1.060 -6.682 -0.258 -0.034 0.121 11.465
2002 610 -0.013 1.652 -16.589 -0.277 -0.029 0.084 16.836
2003 612 0.011 2.920 -33.411 -0.452 -0.014 0.189 41.629
2004 607 0.022 3.358 -24.089 -0.369 -0.010 0.210 37.472
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G. Amihud illiquidity measure

Year N Mean Std Min Ql Median Q3 Max
1993 459 0.209 0.276 0.002 0.055 0.113 0.255 2.268
1994 472 0.282 0.976 0.001 0.051 0.114 0.256 18.211
1995 491 1.051 6.150 0.001 0.059 0.148 0.398 76.196
1996 562 0.745 5.767 0.003 0.071 0.155 0.326 115.546
1997 619 0.396 1.874 0.000 0.070 0.141 0.262 34.606
1998 569 1.406 4.302 0.001 0.115 0.341 0.897 67418
1999 530 0.247 1.134 0.000 0.021 0.055 0.136 18.942
2000 525 0.349 0.782 0.000 0.032 0.101 0.301 6.722
2001 533 0.193 0.454 0.000 0.025 0.075 0.179 5.495
2002 617 0.413 1.551 0.000 0.023 0.088 0.294 31.778
2003 616 1.000 2.433 0.000 0.034 0.153 0.901 23.441
2004 612 1.418 4.057 0.000 0.031 0.164 0.886 39.714
H. Modified Amihud illiquidity measure
Year N Mean Std Min Q1 Median Q3 Max
1993 459 0.214 0.289 0.002 0.055 0.114 0.257 2.378
1994 472 0.356 2.162 0.001 0.051 0.117 0.257 45.061
1995 491 2.453 18.742 0.001 0.059 0.152 0.401 250.246
1996 562 1.420 13.868 0.003 0.071 0.155 0.327 244.486
1997 619 0.595 4.225 0.000 0.070 0.141 0.263 69.614
1998 569 1.592 5.319 0.001 0.117 0.343 0.909 75.503
1999 530 0.265 1.271 0.000 0.021 0.055 0.136 21.288
2000 525 0.355 0.812 0.000 0.032 0.101 0.301 6.722
2001 533 0.200 0.506 0.000 0.025 0.075 0.179 5.865
2002 617 0.424 1.581 0.000 0.023 0.088 0.294 31.778
2003 616 1.038 2.577 0.000 0.034 0.154 0.901 23.728
2004 612 1.553 4.780 0.000 0.031 0.165 0.906 54.177
L. Kyle lambda (A)
Year N Mean Std Min Ql Median Q3 Max
1993 454 0.001 0.001 0.000 0.000 0.001 0.001 0.007
1994 466 0.001 0.001 0.000 0.000 0.001 0.001 0.009
1995 483 0.017 0.027 0.000 0.005 0.010 0.021 0.370
1996 556 0.023 0.041 0.000 0.005 0.012 0.025 0.435
1997 607 0.030 0.084 0.000 0.004 0.014 0.032 1.667
1998 546 0.024 0.070 0.000 0.002 0.008 0.025 0.948
1999 516 0.031 0.130 0.000 0.002 0.009 0.025 2.043
2000 508 0.034 0.222 0.000 0.001 0.005 0.016 4.356
2001 525 0.029 0.217 0.000 0.001 0.003 0.012 4.273
2002 603 0.036 0.288 0.000 0.001 0.003 0.011 6.004
2003 586 0.028 0.397 0.000 0.000 0.002 0.007 9.536
2004 570 0.020 0.197 0.000 0.000 0.002 0.007 4475
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J. Proportional spread

Year N Mean Std Min Q1 Median Q3 Max
1993 459 0.010 0.003 0.003 0.008 0.009 0.011 0.019
1994 472 0.010 0.004 0.002 0.008 0.010 0.013 0.025
1995 491 0.012 0.005 0.002 0.008 0.011 0.014 0.030
1996 562 0.012 0.005 0.003 0.009 0.011 0.014 0.072
1997 619 0.016 0.008 0.003 0.011 0.014 0.018 0.058
1998 569 0.021 0.014 0.003 0.012 0.018 0.025 0.091
1999 530 0.013 0.010 0.002 0.007 0.011 0.014 0.099
2000 525 0.013 0.009 0.002 0.007 0.011 0.017 0.055
2001 533 0.008 0.004 0.002 0.005 0.007 0.010 0.039
2002 617 0.010 0.007 0.002 0.005 0.008 0.013 0.043
2003 616 0.012 0.008 0.001 0.005 0.010 0.016 0.064
2004 612 0.012 0.010 0.001 0.005 0.010 0.016 0.084
K. Roll’s spread
Year N Mean Std Min Q1 Median Q3 Max
1993 459 0.014 0.006 0.001 0.009 0.013 0.018 0.033
1994 471 0.019 0.008 0.000 0.014 0.019 0.024 0.046
1995 487 0.014 0.007 0.000 0.009 0.014 0.018 0.053
1996 557 0.019 0.010 0.000 0.011 0.017 0.025 0.066
1997 614 0.037 0.012 0.006 0.029 0.036 0.044 0.072
1998 568 0.035 0.020 0.001 0.021 0.031 0.047 0.113
1999 523 0.028 0.014 0.001 0.018 0.026 0.036 0.078
2000 522 0.027 0.015 0.002 0.016 0.024 0.034 0.105
2001 530 0.022 0.012 0.001 0.014 0.020 0.028 0.088
2002 611 0.022 0.015 0.001 0.012 0.019 0.028 0.116
2003 612 0.020 0.013 0.000 0.011 0.017 0.025 0.110
2004 608 0.019 0.015 0.001 0.010 0.017 0.024 0.119
L. Amortized spread
Year N Mean Std Min Q1 Median Q3 Max
1993 459 0.026 0.016 0.001 0.014 0.023 0.036 0.116
1994 472 0.028 0.018 0.001 0.014 0.024 0.038 0.154
1995 491 0.016 0.017 0.000 0.008 0.014 0.021 0.327
1996 562 0.021 0.017 0.000 0.009 0.017 0.028 0.190
1997 619 0.035 0.025 0.000 0.016 0.029 0.049 0.175
1998 569 0.067 0.102 0.001 0.026 0.049 0.075 1.117
1999 530 0.054 0.042 0.002 0.025 0.042 0.071 0.311
2000 525 0.056 0.059 0.002 0.020 0.040 0.072 0.622
2001 533 0.048 0.086 0.001 0.012 0.026 0.056 1.337
2002 617 0.055 0.172 0.002 0.011 0.022 0.052 3.907
2003 616 0.096 0.478 0.001 0.006 0.013 0.029 8.538
2004 612 0.053 0.194 0.000 0.005 0.011 0.030 3.096
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M. Proportion of zero daily return

Year N Mean Std Min Q1 Median Q3 Max
1993 459 0.141 0.037 0.041 0.118 0.139 0.162 0.280
1994 472 0.111 0.049 0.027 0.088 0.108 0.128 0.690
1995 491 0.146 0.080 0.051 0.106 0.133 0.160 0.875
1996 562 0.126 0.064 0.000 0.092 0.116 0.150 0.793
1997 619 0.107 0.069 0.024 0.075 0.096 0.120 0.743
1998 569 0.084 0.058 0.017 0.055 0.072 0.092 0.596
1999 530 0.067 0.041 0.000 0.044 0.060 0.080 0.444
2000 525 0.056 0.029 0.000 0.037 0.050 0.066 0.228
2001 533 0.068 0.034 0.000 0.045 0.061 0.085 0.272
2002 617 0.067 0.037 0.004 0.041 0.061 0.082 0.332
2003 616 0.089 0.055 0.000 0.053 0.073 0.111 0.534
2004 612 0.103 0.073 0.000 0.052 0.080 0.131 0.518
N. LOT measure
Year N Mean Std Min Ql Median Q3 Max
1993 459 0.009 0.003 0.002 0.007 0.009 0.010 0.024
1994 471 0.008 0.006 0.001 0.006 0.008 0.009 0.094
1995 487 0.010 0.015 0.003 0.007 0.008 0.010 0.208
1996 557 0.011 0.011 0.002 0.007 0.009 0.012 0.160
1997 616 0.012 0.013 0.002 0.008 0.010 0.012 0.175
1998 568 0.012 0.014 0.002 0.008 0.010 0.013 0.210
1999 523 0.010 0.007 0.000 0.006 0.009 0.011 0.085
2000 523 0.009 0.005 0.000 0.006 0.008 0.011 0.062
2001 530 0.008 0.004 0.002 0.005 0.007 0.009 0.030
2002 611 0.008 0.004 0.000 0.005 0.007 0.009 0.035
2003 612 0.008 0.007 0.000 0.005 0.007 0.010 0.073
2004 608 0.010 0.011 0.000 0.005 0.007 0.011 0.186
0. Liu measure
Year N Mean Std Min Q1 Median Q3 Max
1993 459 2.693 5.881 0.000 0.000 0.851 1.703 59.595
1994 472 3.397 19.480 0.000 0.000 0.000 0.851 223.059
1995 491 6.563 28.919 0.000 0.000 0.000 0.860 244.282
1996 562 4.643 23.445 0.000 0.000 0.000 0.860 246.270
1997 619 4.619 19.227 0.000 0.000 0.000 2.589 212.376
1998 569 3.890 16.492 0.000 0.000 0.000 0.863 169.151
1999 530 1.755 6.124 0.000 0.000 0.000 0.000 64.771
2000 525 1.006 4.540 0.000 0.000 0.000 0.000 60.647
2001 533 1.761 6.410 0.000 0.000 0.000 0.000 68.635
2002 617 2.903 10.587 0.000 0.000 0.000 0.000 149.754
2003 616 3.731 16.140 0.000 0.000 0.000 1.020 244.858
2004 612 4.453 14.488 0.000 0.000 0.000 1.012 201.398
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Table 3. Summary statistics of liquidity measures in the U.S. sample
This table reports the cross-sectional distributions of time-series means of firm characteristics and liquidity
measures in the U.S. Total samples are 2,984 stocks, which are listed in the NYSE /AMEX. The share code is
used to exclude the following categories: certificates, American depository receipts, shares of beneficial in-
terest, units, Americus Trust components, closed-end funds, and real estate investment trusts. Volume is the
number of shares traded for one year in thousand shares. Trading amount is the total amount traded for one
year in thousand dollars. Turnover is the annual average of monthly turnovers, which are the numbers of
shares traded for one month scaled by the number of stocks outstanding. The Amivest measure is

iV olume, ZT:‘ return, | for one year (multiplied by 10°). The Pastor and Stambaugh (2003)’s reversal meas-
i=1 i=1

. . . . e . . .
ure is estimated from the regression equation Flan = 9}_ +or, + 7,-Slg”(7”j, J) Viat€ian ,where d in

dexes days, is the return on stock j in excess of the market return and Vi is the daily dollar volume

7 je,d+1
(in 10° dollar). The Amihud (2002) measure is 1 , A |Rtl%1 -where R and p are, respectively, the
Days, 53V,

td

percentage return and dollar volume (in 10,000 dollar) on day d in year ¢, and Daysti is the number of valid

observation days in year ¢ for stock i. MA (Modified Amihud (2002)) measure is defined as
Days, i

! . & x(1—alog(l — zero))

Days, =V,

the arbitrary constant determining the slope of log curve (a = 1 in this paper). When calculating the M4, 1

winsorize the Amihud (2002) measure at 1% because of the effect of extreme value. Proportional spread is

where zero is the proportion of no trading volume day, and a is

MA =

defined as ZT: Ask, — Bid,  where ASkt denotes a closing ask price at day ¢, Bid, denotes a closing bid
‘' (Ask, + Bid,)/2
price at day ¢. Roll (1984) spread is defined as 7 /—COV; , where cov; is the auto-covariance of returns for
stock i. Zero is the number of days with zero returns divided by total number of trading days. LOT (1999)
measure is the difference between a2(i) and «l (i) estimated from estimation (2-10). Liu (2006) is defined as
1/(x —month turnover) o 21x , where x-month
Deflator NoTD
turnover is turnover over the prior x months, calculated as the sum of daily turnover over the prior x months
and NoTD is the total number of trading days in the market over the prior x months. Deflator is chosen such

that o 1/(x—month turnover) = (in this table, deflator=11,000).
Deflator

[Number of zero daily volumes in prior x months +
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Variables Source N Mean Std Min QI Median Q3 Max
Volume CRSP 21,736 96374 319,697 0300 4232 18722 71,559 13,720,270
Trading o op 21736 3180766 11694203 0375 36224 310,056 1,851,128 595.687.526

amount
Turnover CRSP 21,736 0.943 1048 0.000 0359 0.683 1.193 41475
Amivest CRSP 21,734 2.347 7.461 0.000 0094 0437 1856 268913
Pastor — ~pop 21368 0.243 6792 -319313 -0.005 0.000  0.009 376471

Stambaugh

Amihud CRSP 21,734 3.226 17696  0.000 0003 0023 0341  359.474
MA  CRSP 21,734 4250 24736 0.000 0003 0023 0352  617.304

Prop.
CRSP 20,081 0.023 0.020  0.000 0.009 0016  0.030 0.100

spread
Roll  CRSP 21452 0.019 0.021  0.000 0008 0013 0021 0.195
Zero  CRSP 21,659 0.143 0.128  0.000 0036 0111 0217 1.000
LOT  CRSP 21,106 0.016 0.026  0.000 0003 0.007 0018 0.200
Liu CRSP 21,736 9.274 28015 0.000 0.000 0.000 1000  247.281
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Table 4. Annual distributions of liquidity measures in the U.S. sample
These tables report the annual summary statistics of various liquidity measures in the U.S. for the period
1993-2004. The explanations for liquidity measures are in the Table III-3.

A. Volume
Year N Mean Std Min Ql Median Q3 Max
1993 1,775 32,621 66,761 22.600 2,544 10,229 33,206 791,324
1994 1,822 33,923 69,059 17.000 2,594 9,564 33,817 780,719
1995 1,873 39,869 85,545 16.800 3,106 11,602 38,640 1,114,350
1996 1,916 48,278 107,991 0.400 3,810 14,297 46,975 1,828,934
1997 1,967 57,947 128,405 4.900 4,399 16,087 52,948 1,592,928
1998 1,986 70,747 172,849 0.900 4,774 17,813 65,391 4,062,694
1999 1,958 87,681 243,533 8.800 4,875 19,046 73,322 5,130,254
2000 1,868 116,470 330,242 2.800 5,117 24,077 90,244 5,344,487
2001 1,729 140,837 411,985 33.400 4,484 24,122 107,476 6,448,003
2002 1,675 178,958 519,382 15.800 5,225 32,680 134,148 9,628,054
2003 1,621 189,275 537,343 0.300 7,931 41,303 158,602 13,095,382
2004 1,546 203,161 550,669 19.700 11,536 56,921 190,500 13,720,270

B. Trading amount
Year N Mean Std Min Ql Median Q3 Max
1993 1,775 1,063,174 2,859,580 19.806 22,629 152,704 809,720 37,086,675
1994 1,822 1,111,619 2,991,266 17.194 23,287 156,638 861,027 37,743,537
1995 1,873 1,393,326 4,317,446 31.388 30,025 183,769 941,830 72,769,362
1996 1,916 1,786,578 5,373,342 1.275 42,231 246,412 1,288,974 99,487,800
1997 1,967 2,363,121 7,421,429 4.000 51,301 320,570 1,493,747 124,176,620
1998 1,986 2,898,037 9,888,887 16.125 49,394 338,122 1,863,021 172,899,820
1999 1,958 3,788,656 18,514,014 45.194 40,300 295,171 1,856,161 595,687,526
2000 1,868 4,749,179 17,639,784  32.513 37,311 323,561 2,248,430 247,067,210
2001 1,729 4,646,283 14,870,379 27.633 23,378 353,674 2,775,670 233,874,518
2002 1,675 4,758,213 13,815,956 38.925 26,594 474,087 3,013,687 210,428,660
2003 1,621 4,647,133 12,321,346 0.375 49,454 678,586 3,545,012 157,231,884
2004 1,546 5,796,896 13,829,490 183.674 108,927 1,231,262 5,121,747 184,141,105

C. Turnover
Year N Mean Std Min Ql Median Q3 Max
1993 1,775 0.686 0.604 0.010 0.295 0.527 0.873 6.678
1994 1,822 0.632 0.565 0.005 0.271 0.494 0.811 4.923
1995 1,873 0.711 0.650 0.012 0.292 0.533 0.915 6.555
1996 1,916 0.814 1.221 0.000 0.348 0.607 0.990 41.475
1997 1,967 0.818 0.748 0.003 0.374 0.653 1.040 13.555
1998 1,986 0.865 0.771 0.000 0.385 0.676 1.088 7.212
1999 1,958 0.894 0.947 0.002 0.394 0.695 1.151 26.741
2000 1,868 1.018 0.966 0.002 0.408 0.789 1.305 11.963
2001 1,729 1.003 1.022 0.003 0.339 0.732 1.331 15.066
2002 1,675 1.179 1.225 0.002 0.366 0.872 1.538 16.744
2003 1,621 1.366 1.567 0.000 0.493 1.053 1.753 37.545
2004 1,546 1.506 1.522 0.006 0.649 1.167 1.898 23.383
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D.Amivest liquidity ratio

Year N Mean Std Min Ql Median Q3 Max

1993 1,775 0.961 2.025 0.001 0.058 0.251 0.964 22.029
1994 1,822 1.074 2.493 0.001 0.060 0.262 1.019 35.120
1995 1,873 1.285 2.725 0.000 0.077 0.320 1.255 28.537
1996 1,915 1.412 2.899 0.000 0.096 0.381 1.463 34.249
1997 1,966 1.523 3.123 0.000 0.114 0.437 1.510 35.014
1998 1,986 1.554 3.582 0.000 0.106 0.381 1.556 66.967
1999 1,958 1.807 4.468 0.000 0.100 0.403 1.653 67.192
2000 1,868 2.026 5.201 0.000 0.092 0.410 1.808 68.020
2001 1,729 2.948 7.577 0.001 0.084 0.475 2.467 116.127
2002 1,675 3.302 8.456 0.001 0.086 0.608 2.853 131.282
2003 1,621 4.864 12.520 0.000 0.163 1.113 4.349 183.618
2004 1,775 0.961 2.025 0.001 0.058 0.251 0.964 22.029

E. Pastor/Stambaugh reversal measure

Year N Mean Std Min Q1 Median Q3 Max

1993 1,765 0.476 11.476  -181.439 -0.005 0.001 0.021 376.471
1994 1,811 0.293 5.505 -74.063 -0.006 0.000 0.015 137.650
1995 1,856 0.339 10.663  -319.313 -0.004 0.001 0.017 276.784
1996 1,899 0.050 2368  -54.636 -0.004 0.000 0.011 35.847
1997 1,924 0.146 1.994  -28.668 -0.005 0.000 0.006 36.489
1998 1,944 0.093 2.516 -40.978 -0.010 0.000 0.004 85.987
1999 1,909 0.043 2.280 -66.611 -0.005 0.000 0.010 45.081
2000 1,837 0.115 1.535 -32.614 -0.006 0.000 0.012 16.841
2001 1,698 0.767 11.093 -105.871 -0.004 0.000 0.010 350.008
2002 1,636 0.153 9.243  -269.730 -0.003 0.000 0.007 64.667
2003 1,579 0.434 7.625 -126.165 -0.003 0.000 0.004 187.763
2004 1,510 0.063 1.004 -16.678 -0.002 0.000 0.002 19.500

F. Amihud illiquidity measure

Year N Mean Std Min Ql Median Q3 Max

1993 1,775 4.138 17.870 0.000 0.006 0.052 0.617 147.575
1994 1,822 3.042 12.310 0.000 0.006 0.047 0.554 92.440
1995 1,873 2.598 11.119 0.000 0.005 0.036 0.385 86.512
1996 1,916 1.886 8.163 0.000 0.004 0.026 0.274 60.156
1997 1,967 1.536 6.735 0.000 0.003 0.020 0.186 52.712
1998 1,986 1.552 6.297 0.000 0.003 0.023 0.226 47.727
1999 1,957 1.537 5.446 0.000 0.003 0.026 0.327 37.252
2000 1,868 2.164 7.660 0.000 0.003 0.027 0.398 53.495
2001 1,729 6.650 26.296 0.000 0.002 0.021 0.592 192.098
2002 1,675 9.236 43.746 0.000 0.002 0.015 0.540 359.474
2003 1,621 4.516 21.281 0.000 0.001 0.008 0.271 170.121
2004 1,545 0.844 3.565 0.000 0.001 0.004 0.091 27.282
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G. Modified Amihud illiquidity measure

Year N Mean Std Min Ql Median Q3 Max

1993 1,775 5.867 27971 0.000 0.006 0.052 0.630 345.499
1994 1,822 3.760 16.670 0.000 0.006 0.050 0.579 204.471
1995 1,873 3.600 16.675 0.000 0.005 0.036 0.400 205.082
1996 1,916 2.523 12.006 0.000 0.004 0.026 0.280 181.129
1997 1,967 2.082 10.496 0.000 0.003 0.020 0.187 190.552
1998 1,986 2.029 8.814 0.000 0.003 0.023 0.229 101.421
1999 1,957 1.611 5.719 0.000 0.003 0.026 0.343 47.872
2000 1,868 2.857 11.128 0.000 0.003 0.027 0.404 113.478
2001 1,729 9.062 37.784 0.000 0.002 0.021 0.611 474.556
2002 1,675 12.034 58.533 0.000 0.002 0.015 0.564 617.304
2003 1,621 5.943 30.412 0.000 0.001 0.008 0.271 460.135
2004 1,545 0.936 4.352 0.000 0.001 0.004 0.092 67.726

H. Proportional spread

Year N Mean Std Min Ql Median Q3 Max

1993 1,687 0.024 0.018 0.003 0.012 0.017 0.030 0.100
1994 1,733 0.025 0.018 0.003 0.012 0.018 0.030 0.100
1995 1,754 0.026 0.018 0.002 0.013 0.020 0.032 0.100
1996 1,811 0.026 0.019 0.003 0.013 0.020 0.033 0.100
1997 1,818 0.024 0.018 0.003 0.011 0.018 0.032 0.100
1998 1,766 0.026 0.019 0.002 0.012 0.020 0.035 0.100
1999 1,660 0.030 0.020 0.003 0.014 0.024 0.040 0.099
2000 1,591 0.030 0.022 0.003 0.014 0.023 0.039 0.100
2001 1,583 0.021 0.020 0.001 0.009 0.013 0.025 0.099
2002 1,578 0.018 0.019 0.000 0.007 0.011 0.020 0.099
2003 1,583 0.012 0.016 0.000 0.003 0.005 0.013 0.100
2004 1,517 0.008 0.013 0.000 0.001 0.002 0.008 0.098

I. Roll’s spread

Year N Mean Std Min Q1 Median Q3 Max

1993 1,760 0.018 0.022 0.000 0.007 0.011 0.020 0.177
1994 1,807 0.017 0.020 0.001 0.007 0.011 0.019 0.184
1995 1,850 0.016 0.019 0.000 0.006 0.011 0.018 0.175
1996 1,896 0.016 0.018 0.000 0.007 0.011 0.018 0.158
1997 1,943 0.016 0.018 0.000 0.007 0.012 0.018 0.195
1998 1,955 0.020 0.020 0.000 0.010 0.015 0.023 0.187
1999 1,928 0.020 0.019 0.000 0.010 0.015 0.024 0.187
2000 1,835 0.024 0.023 0.000 0.010 0.017 0.028 0.187
2001 1,696 0.024 0.026 0.000 0.010 0.016 0.026 0.195
2002 1,646 0.023 0.024 0.000 0.010 0.016 0.026 0.186
2003 1,601 0.017 0.020 0.000 0.008 0.012 0.018 0.195
2004 1,535 0.013 0.013 0.000 0.006 0.009 0.015 0.146
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J. Proportion of zero daily return

Year N Mean Std Min Q1 Median Q3 Max

1993 1,775 0.222 0.123 0.005 0.130 0.202 0.292 0.964
1994 1,821 0.216 0.115 0.000 0.131 0.194 0.286 0.948
1995 1,873 0.225 0.122 0.000 0.135 0.210 0.294 0.937
1996 1,916 0.206 0.128 0.000 0.114 0.181 0.276 0.996
1997 1,967 0.163 0.123 0.000 0.075 0.130 0.225 0.972
1998 1,986 0.124 0.115 0.000 0.044 0.079 0.173 0.893
1999 1,919 0.138 0.123 0.000 0.048 0.091 0.198 0.933
2000 1,868 0.135 0.120 0.000 0.040 0.091 0.206 0.853
2001 1,729 0.079 0.099 0.000 0.012 0.036 0.117 0.996
2002 1,675 0.068 0.098 0.000 0.012 0.024 0.091 0.893
2003 1,621 0.057 0.076 0.000 0.012 0.024 0.071 0.583
2004 1,509 0.046 0.069 0.000 0.012 0.020 0.056 1.000

K. LOT measure

Year N Mean Std Min Ql Median Q3 Max

1993 1,683 0.024 0.032 0.001 0.006 0.012 0.029 0.198
1994 1,755 0.022 0.029 0.000 0.006 0.011 0.027 0.193
1995 1,801 0.022 0.028 0.001 0.007 0.012 0.026 0.197
1996 1,865 0.020 0.026 0.000 0.006 0.011 0.024 0.198
1997 1,930 0.019 0.027 0.000 0.005 0.009 0.019 0.194
1998 1,945 0.014 0.024 0.000 0.003 0.006 0.013 0.200
1999 1,914 0.017 0.026 0.000 0.003 0.007 0.019 0.187
2000 1,837 0.019 0.028 0.000 0.003 0.008 0.023 0.199
2001 1,706 0.013 0.024 0.000 0.001 0.003 0.012 0.194
2002 1,652 0.009 0.020 0.000 0.001 0.002 0.008 0.198
2003 1,480 0.007 0.020 0.000 0.001 0.001 0.005 0.195
2004 1,538 0.005 0.012 0.000 0.001 0.001 0.004 0.178

L. Liu measure

Year N Mean Std Min Q1 Median Q3 Max

1993 1,775 11.926 31.378 0.000 0.000 0.000 3.073 213.155
1994 1,822 12.033 31.490 0.000 0.000 0.000 3.000 216.001
1995 1,873 10.420 29.850 0.000 0.000 0.000 2.000 217.003
1996 1,916 8.630 26.588 0.000 0.000 0.000 0.992 230.177
1997 1,967 7.519 25.540 0.000 0.000 0.000 0.996 241912
1998 1,986 8.165 26.060 0.000 0.000 0.000 1.000 247.281
1999 1,958 8.373 26.304 0.000 0.000 0.000 1.000 235.011
2000 1,868 8.634 27.207 0.000 0.000 0.000 0.013 223.019
2001 1,729 11.405 32.023 0.000 0.000 0.000 1.016 220.502
2002 1,675 10.388 29.785 0.000 0.000 0.000 0.001 221.026
2003 1,621 8.412 26.860 0.000 0.000 0.000 0.000 227.204
2004 1,546 5.269 19.957 0.000 0.000 0.000 0.000 197.003
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Table S. Correlations among liquidity measures in the Korean sample

These tables report the correlations of liquidity measures in the Korean sample for the period 1993-2004. Panel A represents the Pearson correlation and Panel B
represents the Spearman correlation. The explanations for liquidity measures are in the Table III-1. Panel C shows the signs of Spearman correlations in the Pan-
el B. There is the difference between liquidity measure and illiquidity measure. Liquidity measure is higher when the stock’s liquidity is higher. On the contrary,
illiquidity measure represents illiquidity and it is higher when the stock’s liquidity is lower. Illiquidity measure includes Amihud (2002) measure, MA measure,
Kyle’s lambda, proportional bid-ask spread, Roll’s spread, amortized spread, proportion of zero daily return, LOT measure, and Liu measure. Because the illig-
uidity measures make it confusing to check the signs of Spearman correlations, they are converted into the liquidity measures by multiplying the minus sign.
Therefore, all signs of correlation between measures should be positive if each measure has a normal relation. Panel C contains a shadow effect in a block if its
sign violates the normal relation (has a minus sign, except B/M).
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A. Pearson correlation

Size BM  Volume 24INE pn e NUMbEr yoiiet PS -Amihud  -MA Kyle Prop. - pont AT zo6 LLOT  -Liu
amount of trades spread spread
Size 1.000
B/M -0.308 1.000
Volume 0.174 -0.074 1.000
Trading o o31 9201 0713 1.000
amount
Turnover -0.112  -0.009 0.223 0.114 1.000
Number 376 0005 0782 0825 0174  1.000
of trades
Amivest 0.084 -0.016 0.264 0.194 0.113 0.218 1.000
PS 0.013 0.018 -0.077 -0.062 -0.012 -0.070  -0.003 1.000
-Amihud 0.147 -0.053 0.320 0.405 0.033 0.244 0.025 -0.313 1.000
-MA 0.067 -0.007 0.268 0.313 0.023 0.159 0.016 -0.318 0.898 1.000
-Kyle -0.025  -0.039 0.181 0.084 0.019 0.111 0.015 -0.021 0.051 0.036 1.000
;g;gf(i 0.431 -0.142 0.508 0.664 0.056 0.640 0.078 -0.161 0.440 0.246 0.180 1.000
-Roll 0.286 -0.114  -0.158 -0.023 -0.160 -0.102 -0.060 -0.000 0.101 0.067 0.019 0.217 1.000
;g::;& 0.172 -0.006 -0.189 -0.029 -0.895 -0.099 -0.113 0.012 -0.009 -0.004 -0.016 0.041 0.210 1.000
-Zero -0.012 0.135 0.473 0416 0.097 0.566 0.061 -0.057 0.309 0.366 0.103 0.310 -0.199  -0.059 1.000
-LOT 0.108 0.017 0.266 0.318 -0.005 0.298 0.002 -0.083 0.436 0.494 0.127 0.404 0.122 0.077 0.726 1.000
-Liu 0.045 0.022 0.336 0.361 -0.026 0.292 -0.002  -0.076 0.552 0.614 0.139 0.318 0.134 0.072 0.536 0.696 1.000
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B. Spearman correlation

Size B/M  Volume Trading Turnover Number Amivest PS  -Amihud -MA -Kyle -Prop. -Roll Amo -Zero  -LOT -Liu
amount of trades spread spread
Size 1.000
B/M -0.344 1.000
Volume 0.124  -0.079 1.000
Trading 576 0258 0644 1.000
amount
Turnover -0.346 -0.079 0.566 0.392 1.000
Number o900 0062 0744 0782 0484  1.000
of trades
Amivest 0.194  -0.124 0.954 0.602 0.477 0.678 1.000
PS 0.145 -0.078 -0.064 0.014 -0.123  -0.084 -0.038 1.000
-Amihud 0.599  -0.224 0.560 0.892 0.291 0.729 0.605 0.005 1.000
-MA 0.598 -0.222 0.560 0.893 0.290 0.730 0.604 0.005 1.000 1.000
-Kyle 0.161 -0.074 0.399 0.223 0.175 0.260 0.470 0.035 0.246 0.245 1.000
;g;g)(‘i 0.564 -0.185 0.517 0.768 0.230 0.711 0.596 -0.003 0.888 0.889 0.356 1.000
-Roll 0.296  -0.102 -0.162 -0.054 -0.345 -0.129 -0.042 0.084 0.088 0.090 0.091 0.215 1.000
;g:?;& 0.639 -0.044 -0.312 -0.016 -0.856 -0.159 -0.199 0.125 0.101 0.103 0.002 0.221 0.476 1.000
-Zero -0.069 0.202 0.435 0.331 0.431 0.619 0.334 -0.121 0.274 0.274 0.019 0.305 -0.276  -0.302 1.000
-LOT 0.184 0.036 0.166 0.250 0.046 0.320 0.185 -0.037  0.310 0.313 0.080 0.456 0.184 0.189 0.622 1.000
-Liu -0.054  0.025 0.406 0.384 0.543 0.471 0.306 -0.105 0.318 0.325 0.033 0.317 -0.047  -0.355 0.365 0.240 1.000
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C. Sign of Spearman correlation

Size B/M  Volume Trading Turnover Number Amivest PS  -Amihud -MA -Kyle -Prop. -Roll -Amo. -Zero  -LOT -Liu
amount of trades spread spread
Size
B/M —
Volume + —
Trading _ i
amount
Turnover — + +
Number
of trades + + + +
Amivest + — + + + +
s o - EN -
-Amihud + — + + + + + +
-MA + — + + + + + + +
Kyle  + - + + + + + + + +
+ . + + + + + + + +
+ + + + +
+ + + + + +
+ + + + + + +
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Table 6. Correlations among liquidity measures in the U.S. sample
These tables report correlations of liquidity measures in the U.S. sample for the period 1993-2004. Panel A represents the Pearson correlation and Panel B repre-
sents the Spearman correlation. The explanation to liquidity measures are in the Table III-3. Panel C shows the signs of Spearman correlations in the Panel B.
There is the difference between liquidity measure and illiquidity measure. Liquidity measure is higher when the stock’s liquidity is higher. On the contrary, illig-
uidity measure represents illiquidity and it is higher when the stock’s liquidity is lower. Illiquidity measure includes Amihud (2002) measure, MA measure, pro-
portional bid-ask spread, Roll’s spread, proportion of zero daily return, LOT measure, and Liu measure. Because the illiquidity measures make it confusing to
check the signs of Spearman correlations, they are converted into the liquidity measures by multiplying the minus sign. Therefore, all signs of correlation between
measures should be positive if each measure has a normal relation. Panel C contains a shadow effect in a block if its sign violates the normal relation (has a minus

sign).

A. Pearson correlation

Size Volume Trading Turnover Amivest PS -Amihud -MA -Prop. -Roll -Zero -LOT -Liu

amount spread

Size 1.000

Volume 0.774 1.000

Trading
amount

Turnover  0.223 0.517 0.456 1.000

0.893 0.923 1.000

Amivest 0.457 0.456 0.423 0.150 1.000
PS -0.059 -0.040 -0.058 -0.018 -0.007 1.000
-Amihud  0.333 0.215 0.336 0.103 0.052 -0.140 1.000

-MA 0.324 0.232 0.339 0.104 0.050 -0.148 0.966 1.000

-Prop.
spread

-Roll 0.485 0.181 0.412 -0.007 0.110 -0.124 0.530 0.482 0.039 1.000

0.059 0.075 0.074 0.069 0.067 0.006 -0.016 -0.015 1.000

-Zero 0.069 0.117 0.090 0.112 0.096 0.002 -0.013 -0.009 0.136 0.000 1.000
-LOT 0.613 0.366 0.560 0.154 0.155 -0.098 0.416 0.402 0.108 0.682 0.131 1.000
-Liu 0.469 0.575 0.549 0.227 0.103 -0.059 0.330 0.400 0.020 0.192 0.020 0.349 1.000
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B. Spearman correlation

Trading Turnover Amivest

-Prop.

Size Volume PS -Amihud -MA -Roll -Zero -LOT -Liu
amount spread
Size 1.000
Volume 0.792 1.000
Trading o 0.933 1.000
amount
Turnover  0.417 0.757 0.684 1.000
Amivest  0.900 0.919 0.922 0.639 1.000
PS 20.070  -0.045  -0.068  -0.044  -0.056  1.000
-Amihud  0.832 0.724 0.812 0.487 0.829  -0.077  1.000
-MA 0.834 0.729 0.817 0.492 0.833  -0.076  1.000 1.000
Prop. 4 074 0.112 0.101 0.097 0.120  -0.007  0.105 0.105 1.000
spread
Roll 0.453 0.173 0345  -0011 0340  -0.049  0.395 0.393 0.064 1.000
Zero 0.075 0.137 0.106 0.142 0.117  -0.039  0.094 0.094 0236  -0.021 1.000
-LOT 0.759 0.587 0.730 0.405 0.678  -0.075  0.687 0.688 0.241 0.425 0.296 1.000
Liu 0.577 0.789 0.748 0.886 0.748  -0.058  0.605 0.610 0.100 0.096 0.132 0.521 1.000
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C. Sign of Spearman correlation

Trading Turnover Amivest PS -Prop.

Size Volume -Amihud -MA -Roll -Zero -LOT -Liu
amount spread
Size
Volume +
Trading n n
amount
Turnover + + +
Amivest + + + +
PS = = = = =
-Amihud + + + + + —
-MA + + + + + _ +
-Prop. + + + + + - + +
spread
-Roll + + + - + - + + +
-Zero + + + + + - + + + =
-LOT + + + + + - + + + + +
Liu + + + + + - + + + + + +
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Table 7. Risk-adjusted return regression on liquidity measures in the Korean sample

Each month Fama and MacBeth (1973) regressions are implemented using the cross section of individual securities. The dependent variable is the excess return
risk-adjusted by the Fama and French (1993) three factor model. Explanatory variables are various liquidity measures explained in the Table III-1. These tables
contain the time-series averages of coefficients obtained from monthly cross-sectional regressions and t-statistics are in parentheses. There is the difference be-
tween liquidity measure and illiquidity measure. Liquidity measure is higher when the stock’s liquidity is higher. On the contrary, illiquidity measure represents
illiquidity and it is higher when the stock’s liquidity is lower. Illiquidity measure includes Amihud (2002) measure, MA measure, Kyle’s lambda, proportional bid-
ask spread, Roll’s spread, amortized spread, proportion of zero daily return, LOT measure, and Liu measure. Because the illiquidity measures make it confusing to
check the signs of Spearman correlations, they are converted into the liquidity measures by multiplying the minus sign. Therefore, all signs of coefficients of
measures should be negative if each measure has a significant relation with the adjusted returns.

Volume Zﬁggﬁ Turnover (I}Lirrzgzrs Amivest PS  -Amihud -MA Kyle glljrrgfd -Roll ;:r?;('i -Zero -LOT -Liu
-0.002
(-1.742)
-0.006
(3.014) .
-0.030
(-2.180)
-0.005
. . (-1.932)
0.000 -0.011 -0.017 0.008
(:0.055) (-1.781) (-1.224) (1.316)
-0.040
(-2.301)
-0.002
(-1.957)
-0.006
(-2.811)
-0.005
(2.715)
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Trading Turnover Number

-Prop.

-Amo.

Volume > of trades Amivest PS -Amihud  -MA -Kyle spread -Roll spread -Zero -LOT -Liu
-0.118
. . (-0.242)
-0.030  -0.002  -0.173 0.160 -0.112
(-1.771)  (-1.688) (-2.043) (1.975) (-0.232)
-0.614
(-1.741)
0.423
(2.895) .
0.184
. . (1.557)
-0.508 0.378 0.033
(-1.409) (2.259) (0.249)
-0.060
(-1.999)
-0.536
(-1.790)
0.000
. (0.135)
-0.047 -0.288 0.000
. . . . . . . . . . . (-0.738) (-0.479) (0.902)
0.001 -0.012  -0.043 0.008 -0.026  -0.002  -0.108 0.098 -0.092 1.012 0.393 -0.452 0.012 -0.378  -0.000
(0.588) (-1.920) (-1.793) (0.981) (-0.977) (-1.379) (-1.034) (0.963) (-0.262) (1.249) (2.400) (-2.222) (0.148) (-0.495) (-0.251)
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Table 8. Risk-adjusted return regression on liquidity measures in the U.S. sample

Each month Fama and MacBeth (1973) regressions are implemented using the cross section of individual securities. The dependent variable is the excess return
risk-adjusted by the Fama and French (1993) three factor model. Explanatory variables are various liquidity measures explained in the Table III-3. These tables
contain the time-series averages of coefficients obtained from monthly cross-sectional regressions and t-statistics are in parentheses. There is the difference be-
tween liquidity measure and illiquidity measure. Liquidity measure is higher when the stock’s liquidity is higher. On the contrary, illiquidity measure represents
illiquidity and it is higher when the stock’s liquidity is lower. Illiquidity measure includes Amihud (2002) measure, MA measure, proportional bid-ask spread,
Roll’s spread, proportion of zero daily return, LOT measure, and Liu measure. Because the illiquidity measures make it confusing to check the signs of Spearman
correlations, they are converted into the liquidity measures by multiplying the minus sign. Therefore, all signs of coefficients of measures should be negative if
each measure has a significant relation with the adjusted returns.

Volume zrrsglllrrll% Turnover Amivest PS -Amihud -MA ;Iljrrgg d -Roll -Zero -LOT -Liu
-0.055
(-1.278) .
-0.060
(-1.542) .
-0.214
. . (-1.983)
0214 -0.189 -0.185
(1.116) (-1.121) (-1.488)
0.001
(0.057)
-0.016
(-0.336) .
-0.031
(-1.876)
-0.021
. . (-2.154)
0.007 -0.024 -0.048 0.020

(0.664)  (-0.471)  (-0.793)  (0.454)
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Trading

-Prop.

Volume amount Turnover Amivest PS -Amihud -MA spread -Roll -Zero -LOT -Liu
-3.437
(-1.477) .
-4.290
. (-0.455)
-3.049 -1.559
(-1.327) (-0.171)
0.063
(0.160)
-3.110
(-0.396) .
-0.005
. . (-1.943)
0.161 -0.835 -0.006
. . . . . . . . (0.415) (-0.101) (-2.190)
0.231 -0.195 -0.092 0.014 0.031 -0.146 0.083 -2.708 8.150 0.245 13.925 -0.007
(1499)  (-1.534)  (-0.671)  (0.952) (0.737)  (-1.462)  (1.060)  (-1.284)  (0.943) (0.628) (1.571)  (-2.415)
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20 10 10 20 10 20
200 100 100 200 100 200

Zero=0, Amihud =0.1
Modified Amihud =0.1x(1-3.33xlog(1-0))=0.1

I I I I I I ]
20 10 No No 10 20

% ﬁ trading trading @ %

Zero=2/6, Amihud =0.1
Modified Amihud =0.1x(1-3.33xlog(1-2/6))=0.159

No ﬂ No No No No
trading 100 trading trading trading trading

Zero=5/6, Amihud =0.1
Modified Amihud =0.1x(1-3.33xlog(1-5/6))=0.359

Figure 1. Examples for the Amihud (2002) measure
Above three cases represents the results of Amihud (2002) measure. Each case has six days. But, second case
has four trading days and third case has only one trading day. The numerator of fraction is the daily percent-
age return of a stock and the denominator is the won/dollar volume. Zero is the number of trading days di-

Days'

vided by the total number of days. Amihud (2002) measure is defined as 1 |Ry|,where R! and
Days; = Vy
y! are, respectively, the return and won/dollar volume on day ¢ in month 7, Dgys' is the number of valid

observation days in month t for stock i. Modifying factor is (1—alog(l—zero) - Modified Amihud (2002)

measure is defined as /i _ 1 [Mii IR, | where zero is the proportion of no trading

- ——=x(1-alog(l-zero))’
" Days & V)

volume day, and a is the arbitrary constant determining the slope of log curve (a = 3.33 in this example).

53



y=1-alog(l-x)

v

Figure 2. Modifying factor of the modified Amihud (2002) measure
Above line represents the curve of modifying factor of the modified Amihud (2002) measure. Modifying
factor is (1-alog(l1—zero), where zero is the proportion of no trading volume day, and a is the arbitrary

constant determining the slope of log curve. The x-axis represents the value of zero.
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