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The Effects of Non-Trading on the Illiquidity Ratio

Patricia Chelley-Steeley, Neophytos Lambertides Jardes Steeley

ABSTRACT

Using a simulation analysis we show that non-trgdoan cause an overstatement of the
observed illiquidity ratio. Our paper shows howstbverstatement can be eliminated with a very
simple adjustment to the Amihud illiquidity rati®Ve find that the adjustment improves the
relationship between the illiquidity ratio and meees of illiquidity calculated from transactions
data. Asset pricing tests show that without theustdjent, illiquidity premia estimates can be
understated by more than 17% for NYSE securitied layy more than 24% for NASDAQ

securities.
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1. Introduction

Amihud (2002) provides a compelling motivation foe use of an illiquidity ratio, specifically
the annual average of the ratio of daily absoletern to daily dollar volume, in asset pricing
tests. Having been scrutinized within a range opieical frameworks, there is now a wealth of
support for the existence of a premium associatéd tive illiquidity ratio. Moreover, the use of
the Amihud illiquidity ratio has become a commounbked measure of illiquidity in a wide range
of finance applications and settings.

Evidence of its widespread use as a measure @diidlity is also evident by entering the
phrase “Amihud llliquidity Ratio” in the Google sehd engine which renders over 7,000
responses Moreover, scrutiny of Science-Direct, the archigeElsevier publications, indicates
that between its publication date and November 20M& three hundred and eighty finance
papers have been published on this database alitiseng the Amihud illiquidity ratio. Despite
its widespread use there has been virtually notadte placed on the empirical properties of the
illiquidity ratio.

In this paper we show that the Amihud (2002) ilidjty ratio is a biased measure of the
true illiquidity ratio when the measurement perindiudes days during which securities do not
trade. We then develop an adjustment for the oleskitlrquidity ratio that reduces the effects of
non-trading days The measurement problem arises because theidiiguatio is the annual
average of the daily ratio of absolute return tbadovolume. Mathematical software that is used
to calculate the illiquidity ratio cannot divide lagro, so treats days of zero volume as missing
values. Therefore, the ratio is calculated by ayieg over only those days with non-zero

volume. We show how the elimination of non-traddays, which is necessary to avoid divisions

! This exercise was undertaken in November 2013.
2 Non-trading days are those days on which marketsopen for trading but there is zero volume fatividual
securities.



by zero, can distort the computation of the illdjty ratio. We propose a simple and effective
remedy.

Using simulation analysis, we show that non-tradinag two opposing affects on the
measured illiquidity ratio. The impact on the prdjes of absolute returns serves to decrease the
illiquidity ratio, while the elimination of zero yome days acts to increase the ratio. The net
effect overall is an upward bias in the ratio. e that even when there is a small to moderate
amount of thin trading, the magnitude of this upivhras in the measurement of illiquidity is
substantial. This allows security illiquidity to Imiscalibrated, potentially misrepresenting the
relationship between illiquidity and other finariciariables. Moreover, a bias in illiquidity
measurement can potentially give rise to inaccurandings when securities are stratified into
groups or portfolios on the basis of illiquidity wariables, such as size, that tend to be highly
correlated with illiquidity.

We propose an adjustment to the illiquidity ratrehich scales back the upward bias
arising from non-trading. This adjustment is dedifeom the two opposing effects that non-
trading has on the calculation of the ratio, antines scaling the Amihud illiquidity ratio by a
factor composed of the number of possible tradiagsdover which the ratio is being measured,
and the number of days that the stock actuallyettadithin those days. We show that for
securities that experience some thin trading, betret characterized by extreme thin trading
(thin trading probabilities above 70%) our proposedasure eradicates most of the potential
measurement bias. When thin trading probabilitiss above 70% our proposed measure does
not fully eliminate the bias in the unadjustedjiliidity ratio. But even at thin trading levels this
high, the bias in our preferred measure is sti# tmrd to one fifth lower than that associated

with the un-scaled measure.



We use NYSE TAQ data over the period 1993 to 2@0&8stimate the Kyle (1985) price
impact measure and the fixed-cost component obith@sk spread using the method of Glosten
and Harris (1988) and show that the adjustment Weatpropose enhances the relationship
between the Amihud ratio and measures of illigyidibtained from transactions data. Using
CRSP monthly return data for NYSE/AMEX securitiefvibeen 1960 and 2008 and NASDAQ
securities listed 1983-2008, we show that measunerb@s in the illiquidity ratio is also
important for the estimation of the illiquidity préeum. We undertake cross-section Fama and
MacBeth (1973) asset pricing tests. Our model $§jpgations examine in turn the scaled and un-
scaled illiquidity ratioS. These tests reveal that the illiquidity premiurscasated with each of
our computed illiquidity ratios is significant, Waidifferences between the time-series averages
of the illiquidity measures show that omitting zexaume days reduces the illiquidity premium
significantly.

Although the magnitude of this potential understegrt of the illiquidity premium varies
according to the cross-section specification amdniarket being studied, the effects of omitting
zero volume days are not inconsequential. We finat tomitting these days leads to an
understatement in the illiquidity premium that &0 17% for NYSE/AMEX stocks and over
24% for NASDAQ stocks. This discovery is of partaruimportance for investors that make
long term portfolio allocation decisions that aimexploit the illiquidity premium. The results
we report are robust to the influence of markeapétm size, the Fama and French (1993)
HML, SMB and momentum (Mom) factors, the systemadtiquidity risk factor proposed by

Pastor and Stambaugh (2003) and a range of firmacteaistics.

3 The cross section variation in the scaling, whildifferent for each security as it reflects théeak of non-trading for each
security, means that this comparison is not a purgchanical exercise. The impact of the non-tgdidjustment on estimated
illiquidity premia is an empirical question. Thieipt is discussed in more depth in Section 3.1.



The relevance of our results is not exclusive t® Amihud-illiquidity ratio but also
extends to related measures of illiquidity/liquydguch as the Amivest liquidity ratio, which is
the average of the ratio of daily volume to daibhsalute return. This ratio has been applied
previously by, for example, Cooper, Groth and Avdi®85), Amihud, Mendelson and
Lauterbach (1997), Berkman and Elsewarapu (1998)aRo and Schwartz (2003), Chelley-
Steeley (2015) and Chelley-Steeley et al (2015nhéasure liquidity. A measurement bias may
exist also for the Amivest ratio, which would ndedexclude cases of zero returns since the ratio
of volume to absolute return will be undefined bage day3.

Although our results have important implicatiors NYSE/AMEX and NASDAQ
stocks, they will apply to any market that has saeeurities that are thinly traded. In many
European or emerging stock markets thin tradinglevare much higher than those usually
associated with the USMoreover, use of the illiquidity ratio is not aneed not be limited to
stock market§.Adapting the illiquidity ratio for thin trading &% will also be important for the
study of illiquidity in the context of other lesstave asset markets.

The Amihud illiquidity ratio has been used in a @ichnge of applications which can be
broadly decomposed into the following categoriesse# pricing, event analysis of illiquidity,
rankings and the intertemporal analysis of illiqyidAsset pricing tests that examine the risk
premium to the illiquidity ratio (see for examplem#ud 2002, Chan et al (2008) or
Asparouhova et al (2010)) understate the trueuildiffy premium when assets are thinly traded

causing investors to be less able to make optisstaallocation decisions. The effect of this

4 Lesmond, Ogden and Trzcinka (1999) and Bekaentydyaand Lundblad (2007) have shown how the infdionain zero
returns per se may be harnessed as a measuiigutlitly.

5 For example, Lim, Habibullah and Hinich (2009)dstuthin trading effects in the Shenzen and Shangteakets in China,
while Antoniou and Holmes (1997) discuss thin tnadpatterns in emerging markets.

% For example, Dick-Nielseet al (2012) examine a range of liquid and illiquid aorte bonds around the onset of the subprime
crisis.



understatement may cause underinvestment in stolcsacterised by thin trading because
overall risk premiums will appear supressed.

A range of studies have examined how the AmihligLildity changes in response to an
exogenous shock (see Henke and Lauterbach (20@skeBBlease and Paul (2006), and
Chelley-Steeley (2008)) When such events alter not only the true illigyidatio but also
change the amount of non-trading, the effect ofetent on the observed illiquidity ratio will be
overstated. This happens because a reduction trepest thin trading reduces the bias. This
will be most acute when exogenous shocks alsoantia the cost of trading because as noted by
Lesmond et al (1999) lower trading costs will inibése trading activity and reduce non-trading
days. Use of the adjusted illiquidity ratio we pogp will mitigate this problem.

The correct ranking of securities on the basigefilliquidity ratio will also be corrupted
as the thin trading bias we have discovered casisi@® securities to appear more illiquid than
they really are. Moreover, during periods when ratglare under stress and non-trading is likely
to be higher the adjusted measure will project aenagcurate measure of illiquidity during these
periods.

Our paper proceeds as follows. In Section 2 we riesche simulation analysis. This
section shows how non-trades bias the measurenehe alliquidity ratio and documents the
relationship between the magnitude of the bias #weddegree of thin trading. This section
concludes by proposing an adjustment to the iltigyiratio that reduces most of the bias
associated with thin trading levels documentedsrsecurities. Section 3 describes the data we
have used in this study and the empirical methagolwe utilize. In Section 4 we report our

empirical results. We provide summary statisticalgsis of the illiquidity ratio for US stocks,

" Henke and Lauterbach (2005) and Chelley-Steel@9gpuse the illiquidity ratio to show that charmjithe trading mechanism
leads to an increase in liquidity, Becker-Blease Raul (2006) use the illiquidity ratio to examthe impact that index addition
has on the investment opportunities of firms wilffiedent levels of illiquidity while Gaspar and Mses (2007) use the illiquidity
ratio to show that ownership structure influenaesusity illiquidity.



the results of the examination of the relationsbgtween our proposed adjustment and
transactions level measures of illiquidity and tasults of the Fama and MacBeth asset pricing
tests. Our empirical results end with robustneststasing sub-samples of data and the square
root transformation of the illiquidity ratio introded by Hasbrouck (2009). Section 5 provides a

summary of the main findings of the paper and sfsame conclusions.

2. Non-trading and the illiquidity ratio: A simulation analysis

In this section, we consider the influence of tiwading on the measurement of security
illiquidity using a simulation analysis. The Anith (2002) illiquidity ratio for a single stock is
the annual average of the ratio of daily absoletarn to daily dollar volume. Specifically, for

stocki in yeary, the illiquidity ratio, ILLIQ is calculated as

iy’

ILLIQ; :izTi'y|Ri,y,t| (1)
" Ti,y t=1 Vi,y,t

whereT; ,, is the number of days for which data are availfbtestocki in yeary, |Ri,y,t| is the
absolute return of stodkon dayt of yeary. V; ,,, is the dollar volume for stoakon dayt of year
y.

For a given volume, the bigger the price impact snead by the absolute return, the
more illiquid is the stock and the larger is tHigilidity measure. Similarly, for a given absolute
return, lower volume stocks will register as bemgre illiquid. Difficulties may arise in the
application of this measure where securities danaoke every day. On a day of zero volume, the

ratio would be mathematically undefined. In thecakdtion of this ratio, most statistical



packages will replace an instance of division hyzgith a missing value. This has the effect of

changing the calculation of the illiquidity ratio t

LLIQ;, = —— ZTi'y_T"'Y|Ri,y,t| (2)
W Ty = Tiy L= Viyt

wherer;yis the number of non-trading days by stoak yeary, andz; ,, < Ti,y.g Other terms are
as previously defined. In the presence of non4tigqdiays, there will therefore be fewer
observations used to calculate the average ddity. ra

However, in the presence of non-trading days, Higidity ratio is affected in ways
other than just by the reduction in the number b$esvations that can be directly seen in
equation (2). Models of non-synchronous tradinghsas those of Scholes and Williams (1978)
and Lo and MacKinlay (1990), show that the momemtpprties of observed returns change
when, following periods of non-trading, observetumes are the accumulation of a sequence of
underlying unobserved returns. Our simulations shibat observed absolute returns, which
make up the numerator of the illiquidity ratio, aetluced by the effects of non-trading. By
itself, the effect on observed absolute returnsldvmoake stocks appear more liquid than they
really are. However, we show also that the repttesien of non-trading days by missing values
(just the change in the number of observationsatation of other effects) generates an increase
in the illiquidity ratio. This increase in the dlidity ratio, arising from omitting zero volume
days, could potentially offset the decrease in ridu#, arising from the effect on observed
absolute returns. The key result from our simukatiaalysis is that this increase in the illiquidity
ratio is relatively much larger, so that the conelineffect on the illiquidity ratio leaves it

overstating the illiquidity of stocks. This meahst after zero volume days have been omitted,

8 To simplify the summation notation in equation, (2)s assumed that the daily illiquidity ratiosithin Ti,y have been sorted
in decreasing order of volume. This does not atteetresults of the summations.



an additional downward correction to the illiquyditatio is required. Our simulations suggest

what this adjustment should be.

2.1 The Smulation Analysis

We assume that daily unobservable (log) securityrms, Rt , are normally distributed with an
annualized mean excess return of 8 percent andathmleviation of 20 percehiThe series of
unobservable returns is converted into a priceesgthrough

st = exp(In(s;_;) + Ry) 3

To simulate non-trading, we follow the method aédpby Dimson (1979). We take
100,000 independent drawinds; from a uniform distribution on the ran@e— 1. For a non-
trading probability p, if the uniformly distributed variate for peridds less than or equal to this
probability value, trading does not occur in perio@dnd if the variate is greater than the
probability value then trading does take placedriguit.’® If we define a trade indicator variable
asV,, =0 (if U <p; no trade) orV,. =1 (if U, > p; trade), then “observed” prices are
generated by

Spt = Spt-1 Tt Vp,t(sl? - Sp,t—l) (4)

® We examined the robustness of the simulation aisatp wide variations in the parameters of thebseovable returns series.
Wide ranging pparameter variation induced less tndfl@ of 1 percent change in the induced bias in thguiliity ratio at
non-trading probabilities less than 27 percent, k33 than a 1 percent change at probabilitiesou®3t percent. All these
additional results are in a supplementary docuraeaiiable on request to the authors.

10 At this stage, we are assuming, therefore, thattrading arises randomly. Although informed traderay engage in forms of
endogenous non-trading, the presence of liquiditgteirs with exogenous trading motives, is condistéth random occurrences
of zero volume. In the next section, we extendraadel to allow for the possibility of an associatizetween volume and price
changes. We also repeated the simulation exemtiszliicing a simple time dependency into the dadlg-trading probabilities.
Time dependency increased the bias in the illiquiditio, but this was barely detectable at noditrg probabilities less than 50
percent. These additional results are in a suppiEangdocument available on request to the authors.



Thus, if trading does not take place, thgp = s,,._; and the “observed” return will be zero. If

trading does occur, the . = s, and the “observed” returR,, ., is calculated as

Ryt = ln(sp‘t / Sp,t—l) ©))

so “observed” returns represent the accumulatiommyf “unobserved” returns since the last
“observed” return.

For each of the one hundred percentile non-tragiaipabilities, between zero and 99
inclusive, that is,§=0,1,2,...,99, we use the series of 100,000 unobserved piiicag, equation
(3) and the no-trade generator in (4) to create diervable returns series, each of 100,000
observations. Each series has a different incidefhcmn-trading days, T~ p X 10°, but
each has the same underlying parameters determthimgunobservable returfs.The first
“observed” returns series with the zero non-tradongbability, £=0) is the original series of
unobserved returns, undisturbed by non-trading.SHmend “observed” returns series has a non-
trading probability of 1 percent, the third sereeprobability of 2 percent, and so on. The one
hundredth series has a probability of non-tradih@percent.

To concentrate our focus on where within the ity ratio information is lost as a
result of zero volume days, we model the volumeesas a simple binary process. If there is no
trading, dollar volume is zero, and if there isdirg, dollar volume is unity. This assumption
permits a key simplification to the illiquidity fat that both exposes the affects of non-trading

and ultimately suggests a remetfy.

11 The only parameter that is changed between onetrading probability percentage point and the riexthe non-trading
probability itself. The unobserved returns and ggiseries are common to each probability, as isitiferm distribution used in
the no-trade generator. As the number of obsemvatio, increases,— p X n.

12 \We examined the robustness of our simulation aislyp more general returns and volume processesinttbduced the
possibility that returns could be non-zero evenolume is zero, and also introduced low and higlele of non-zero volume,
together with differing levels of price adjustmeWthile these generalizations did impact the biathmilliquidity ratio, none
were of sufficient magnitude to outweigh the dominafluence of the change to absolute returns tlaapens when observed

10



As the no-trade generator produces a volume sefitbsthe property thatRp,t| =0, if
V,e =0, and|R,.| >0, if V,, = 1, the formula for the illiquidity ratio, equatio2), can be

simplified to

ILLIQ = ! ZT_T|R | ©)
N T—1 t=1 pt

in which case the illiquidity ratio is equal to theean absolute return, calculated over trading
days. The year and security identifying subscitigatge been suppressed to simplify the notation.

For each of the 100 series of 100,000 simulatectrubble returns, we calculate the
illiquidity ratio, equation (6), using;, =T = 200, which gives 500 simulated “years” to
calculate the illiquidity ratio of the stock, foneé non-trading probability corresponding to the
particular observable returns series. For eachtramting probability, the 500 annual values for
the stock are averaged to give an “observed” measemt of the illiquidity ratid® We then
normalize the illiquidity ratio from each observeurn series,p=0,1,2,...,99, by dividing it by
the illiquidity ratio of unobserved returng=0), to expose the impact on the ratio of increasing
levels of thin trading’* Figure 1 shows the normalized illiquidity ratiobted against the
probability of non-trading. It can be seen that ithquidity ratio for observed returns diverges
increasingly from the ratio for unobserved retups0) as the incidence of non-trading
increases.

[Figure 1]

returns are the accumulation of unobserved retiolf@ving periods of non-trading. These additionagults are available in a
supplementary document available from the authors.

13 Since the unobservable returns are independewirdya by construction, the average of the 500 ahiligriidity ratios is the
same as the average of all individual 100,000 datips.

4 The illiquidity ratio for unobserved returns (thase of no zero volume days) can also be calcubiitedtly from the initial
parameter settings (mean and variance) for thesarabd returns, without the need for simulationubipng the properties of the
absolute values of normal variates, see Leone (@98l1). The ratio calculated from the 100,000 $iatad “unobserved” returns
was within one tenth of one percent of the raticwated directly from the initial parameters oéthinobserved returns series.

11



This simulation result indicates that to adjust iiguidity ratio for non-trading, it is
necessary to reduce its size. Since non-tradingsedf a manifestation of illiquidity, it is
tempting to expect that correcting the illiquiditgtio for the effects of non-trading, would
require an increase in the illiquidity ratio. Batg would be to imply that the illiquidity ratio ©a
represent two forms of illiquidity, both the prigapact of changes in dollar volume and non-
trading, when it is only designed to measure then&w. Hence, we are seeking to adjust the
illiquidity ratio for the potential information legs arising from the omission of zero volume
days rather than construct a multidimensional meastilliquidity.

Nevertheless, we can demonstrate that the act dfimgnzero volume days per se does
indeed raise the illiquidity ratio, but that théarmation losses arising from this cause the ratio
to increase too much, requiring a further downwadpistment to the illiquidity ratio. We do this
by separating the two ways by which the illiquidisitio for observed returns (with zero volume
days) and unobserved returns (without zero voluays)dare different.

Differences between the mean absolute returnsideerved and unobserved returns come
from two sources, differences between observeduantiserved absolute returns and differences
in the number of observations. To separate the ¢tspaf each of these two differences, we can

scale the simplified illiquidity ratio for observedturns in equation (6) b — 7)/T to give

ILLIQC = (T%ILLIQ 0

1 T-7
=72, IRl

12



This removes the influence of the change in thebamof observations (induced by days
of zero volume) and focuses on the impact on thguitlity ratio of the difference between
observed and unobserved absolute returns. The liati®° is equivalent to computing the
illiquidity ratio as in equation (6) but, ratheratin omitting zero volume days, introducing a zero-
valued observation on non-trading days. Figureo®spthe ratio of ILLIQ to the illiquidity ratio
for unobserved returns. It can be seen, theretbet,the information losses due to non-trading
generate a reduction in absolute returns, andesdliduidity ratio. Thus, the required correction
to this downward bias is to increase the illiqudiatio, back to the horizontal level, which
corresponds to the ratio for unobserved returnsshsvn in Figure 1, eliminating zero volume
days does increase the illiquidity ratio, but by tmuch resulting in an illiquidity ratio that is
greater than that for unobserved returns. Theretbeeilliquidity ratio, with zero volume days
eliminated, needs to be adjusted back downwardbetter reflect the information in the
underlying unobserved returns series, which istlastugh the effects of non-trading.

[Figure 2]
2.2 A non-trading adjustment for thellliquidity Ratio

A comparison of Figures 1 and 2 shows that the) @eivnward adjustment required to
the illiquidity ratio is approximately equal to tkemount by which the ratio ILLIQis itself
biased downwards. That is, the upward bias in ILId@ughly equal in magnitude and opposite
in sign to the downward bias in ILLARQThis points to a simple solution; use the avemigie
ratios ILLIQ and ILLIQ. > Combining equations (6) and (7) to create thisaye produces the

adjusted illiquidity ratio, ILLIQ A,

15 We compared the reduction in bias from using tjested illiquidity measure in equation (8) to tldttained from using a
wide variety of alternative uneven and non-lineaightings between ILLIQ and ILLI®The evidence suggested that an equal-
weighted linear combination, as implied by ILLIQ_Aelivered an adjustment of similar benefit to treious alternative
weighting schemes, but with by far the simplestigtesThese comparative results are also availabléhé supplementary
document.

13



s = (3l + (s o )2

_ (T =) X Rpe| + T XE=L|Rp |

2T(T — 1) .
B (ZTZ; T) (T - T) Z:IRM
= (7w

The adjusted illiquidity ratio, in equation (8), therefore a simple scaling on the
conventionally applied illiquidity ratio, ILLIQ. Tis scaling uses the total number of trading
days,T, and the number of zero volume daygp reduce the over-adjustment of absolute returns
that occurs by simply removing zero volume daysnfrime calculation of the illiquidity ratio.
Figure 3 shows a plot of the normalized adjustéid 1&LIQ_A. It can be seen that the upward
bias in the un-scaled ratio, ILLIQ, in Figure 1r fion-trading probabilities less than 70 percent,
has been almost completely eliminated by applyivegsicaling in the adjusted ratio ILLIQ _A.

[Figure 3]

To summarize the potential improvement to the uliitty ratio provided by the scaling
factor in equation (8), we calculate the mean alisopercentage error (difference), across
different ranges of non-trading probabilities, beén the true illiquidity ratio and the observed

illiquidity ratio, with and without the scaling fear. These error measures are reported in Table

14



1. The size of the errors for the scaled illiquidiatio is less than one percent and at least an
order of magnitude better than the un-scaled illiqy ratio for all non-trading probabilities up
to 50 percent® Above 50 percent non-trading probabilities, thaled illiquidity ratio provides
between a three- to five-fold improvement in theamee.

[Table 1]

While the simple simulation design facilitates thelation of the effects of non-trading
on the illiquidity ratio, it has done so by imptigiignoring the possibility that trading, returns
and volumes might be driven by the same commoroifactn particular new information and
investors' differences of opinidh.Perhaps even more important is the possibility the
probability of trading is itself correlated withetlpath of 'theoretical returns'. This argument is
provided by Lesmond, Ogden, and Trzcinka (1999) wlgue that investors trade only if the
value of accumulated information exceeds the matgoost of trading. If trading costs are
substantial, new information must accumulate lorgefiore investors engage in trading. One
implication of Lesmond, Ogden, and Trzcinka (1989hat the probability of trading is greater
when (absolute) ‘theoretical returns' are highercé&transaction costs reduce the eagerness of
market participants in trading, only large changeprices can reward investors from entering
into new transactions, and the proposed adjustment be discarding that aspect of market
liquidity.

To explicitly account for the possibility of an asgtion between volatility and non-

trading, we modify the simulation as follows. Thdume variable changes to

18 When grouped by quintile, the range of non-tradingbabilities for which the scaled illiquidity fatrepresents an order of
magnitude improvement extends to 60 percent.

1 Many empirical studies have analyzed the associdietween volumes and returns, including Karpd®87), Chordia and

Swaminathan (2000) and Gervais, Kaniel, and Mimgel(001) which report that stock returns areteglao trading volume.

Other studies document a positive association livexpected future volatility and volumes (GallaRbssi, and Tauchen,
1992), and between volume and dispersion of belAgfakya, Atiase, and Gift, 1991).
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Wherev is a constant of proportionality ang,- is the standard deviation of the unobserved
returnsR;. Thus, the security only trades if the currenthseyved absolute return is greater than
a threshold that is some multiple of the standaediadion away from the mean of the
unobserved returns. We use a range of possiblshbias from zero to three standard deviations
away from the mean. For the normally distributethidated returns series, three standard
deviations contain 99.7% of the distribution. Theeshold represents the marginal cost of
trading. In the simulations, we divide the rangenaen zero and three standard deviations into
100 increments. Within the parameterization ofgmaulation described earlier, each increment
therefore corresponds to an increase in the cdstading of approximately 0.038 percent. This
modification to the simulation generates the relahip between the absolute return and the
likelihood of trading that is shown in Figure'%This figure shows that the higher is the
threshold that the absolute return must exceethdiace trading, the more likely is there to be
non-trading. Using the simulated data, which now ihan-trading days dependent upon absolute
returns, we calculate again the observed illiqyidiatio, ILLIQ, and our adjusted ratio,
ILLIQ_A. These are shown in Figure 5. Comparingufeg5 to Figures 1 and 3, which display
the corresponding illiquidity ratios for indepentlgrdistributed non-trading days, we can see
that the dependence introduced into non-tradingeases the bias in ILLIQ. However, the
ability of ILLIQ_A to reduce this bias is not nogiably altered.

[Figure 4]

18 The same set of simulation parameters was usgdrterate these dependent non-trading probabiiiesas used to generate
the unobserved returns used to compute the illiwidtios in Figures 1,2 and 3, so direct comparisan be made.
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[Figure 5]

While the modification in equation (9) permits ramading to be caused by low volatility,
it does not include a mechanism to permit low vliatto arise following a period of non-
trading, and to persist at a lower level. To adsltbss, we make two further adjustments to our
simulations, to more closely represent the variegtyempirical relations observed between
volume and volatility, see for example Gallant, 8laand Tauchen (1992). First, we allow for
persistence in the volatility of returns, by intuethg an ARCH(1) process into the conditional
variance of unobserved returisSecond, we impose a drop in the absolute retumeidiately
following a non-trading day, and this drop is reest gradually over the subsequent 10 trading
days, such that over a period of 10 days followangeriod of non-trading, the volatility returns
to its pre-non-trading level. Specifically, the &ndependent scaling factqgr, is applied to
absolute unobserved returns, where 10 is the number of days following a period of non-
trading, and(1 — ¢,) is the proportional fall in absolute returns imnagdly following the
period of non-trading. The scaling factor operdiles a reverse partial adjustment mechanism,
specifically ¢,_1 = @4 + w(<p0 — (pq), where w is an adjustment coefficient ang,, = 1.
Following a drop in the magnitude of the returns side (1 — ¢), the return magnitude
adjustment reverts back to 1, over a period of agsdoy following a convex increasing path.
Initially, the reversion from the initial drop inolatility is slow, to build in persistence, but it
speeds up as the end of the 10 day window is apped’ The interaction of the ARCH process
with the scaling factor allows yet further persmste to the drop in volatility following non-

trading. We calibrate the value ¢f, from the returns data set that we use for our Boabi

19 In the supplementary document, we report the sitiarl results for a wide range of values for theGhkRcoefficient. The
results that we report here use a coefficient valu@.90. This value generated the greatest exaedssis in the unobserved
returns and the greatest autocorrelation in tharsguunobserved returns. This value implies alifalbf shocks to the variance
of around 7 trading days.

20 Amihud and Mendelson (1987) pioneered the usepzfrial adjustment mechanism to model the adjustm&stock prices.
The supplementary document contains an exampleedaddjustment process path for volatility.
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analysis?* Using both a 10 day window and a 4 day windowegitkide of periods of non-
trading, we compute the average absolute retuerega firms and days) for each window. We
then calculate the percentage change in absoltiensefrom before to after periods of non-
trading. We do this exercise on a year by yearsbhass the illiquidity ratio is calculated
empirically on a yearly basis. We use differing eow lengths to mitigate measurement error
from closely proximate periods of non-tradffgThe empirical distribution of changes in
absolute return, using the yearly observationotmfa sample, is shown in Figure 6. While the
median change in absolute return is indeed neg#&hve percent reduction using the 10 day
window, and a 1 percent reduction using the 4 dedew), there is much variation, with the
upper quartiles indicating increases in volatil{itx percent and 4 percent, respectively). The
largest reduction in absolute returns is 15 pertmrthe 10 day window and, excepting one clear
outlier, 12 percent for the 4 day window. Takinganservative approach, we set the reduction
(1 — ¢) to 15 percent. Figure 7 shows the graphs of tiguitlity ratio, ILLIQ, and our adjusted
ratio, ILLIQ_A, with the further modifications tohé simulations to permit reductions in
volatility and persistence in volatility followingeriods of non-trading. Comparing Figure 7 to
Figure 5, which has neither of these features, arvesee that the combined effects of persistence
and the drop in volatility causes a small reductiorthe bias in ILLIQ. Again, however, the
ability of ILLIQ_A to reduce this bias is not nosiably altered. Thus, our adjusted illiquidity
ratio continues to perform well in the presencecamplex interrelationships between volume

and volatility?

% The returns data set is described in Section @dwb

22 since volatility has been observed to increasevioghg weekends, see e.g., French and Roll (1988),dampening effect of
non-trading could be offset by such an increasieeifnon-trading period starts on a Monday. Soyéwige the most conservative
estimate, we exclude non-trading periods that conwmeon a Monday. This actually has very little effen the observed
changes in volatility following non-trading that \fired.

2 While our simulations show that non-trading eféeatt mostly through the numerator of the Amihutbrawo
recent studies indicate that for cross sectiontgs@ng the denominator of the ratio may alsarbportant. Lou
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[Figure 6]
[Figure 7]
The next two sections explain the methods and teperresults of our empirical analysis
to both validate our proposed non-trading adjustnar explore the consequences of non-

trading in the empirical measurement of the illdjtyi ratio.

3. Data and Empirical Methods

3.1 Cross-section asset pricing tests

We estimate illiquidity premia using Fama and MatBgL973) cross-sectional asset pricing
regressions. Each month excess stock returns apeessed against stock characteristics,
including the illiquidity ratio, along with estimad betas from market-wide risk factors. The time
series means of the monthly regression slopes genstandard tests of whether the components
of the risk premia are priced. We compute timeesermeans of the coefficients from cross-
section regressions which utilize one of the tviquidity ratios and examine whether there are
differences in the slope coefficients of the twoaswges.

The data used in this sample includes all NYSE/ANMEXSDAQ ordinary common
stocks listed on the CRSP/COMPUSTAT merged databasgeen the period January 1960 to
December 200%. From this database, we extract, for each secugtyrn, volume and market
equity information. Following, Fama and French @R9we match the market equity
information for fiscal year ends in calendar yearwith the returns from July of yearto June

of yeart+1, to ensure that these variables are known whenngare generated. We also require

and Shu (2014) isolate the volume component ofdtie and suggest that it is dominant in explainietgirn

premia. Brennan et al (2013), using a turnoveh@athan dollar volume) based measure, find thdgrmftow sign
influences the pricing of the Amihud ratio.

24 Ordinary common stocks are identified using theSBRshare codes 10 and 11. The sample for NYSE/AMiBXEks ranges
from 1960-2008. Due to the limited availability wdlume data required to calculate the illiquidigtio the NASDAQ sample
ranges from 1983-2008.
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that the stocks have at least 2 years of montlyme preceding July in yeafor the calculation
of pre-ranking betas.

The estimation of betas on market-wide risk factoekes use of the two-step procedure
described by Fama and French (1992). In June ez&h $tocks are allocated to one of twenty-
five portfolios formed on the basis of independeguintile rankings of size and then individual
stock beta estimates (we use between two and &aesyof prior data, as available, to estimate
beta).

Monthly percentage portfolio returns are created tlas cross-section average of
component stock returns in excess of the risk fage. Portfolio betas are estimated using time-
series regressions of portfolio returns on the alV@narket return, the Fama and French (1993)
HML, SMB and momentum (Mom) factors, and a marketevmeasure of illiquidity risk.
Chordia et al (2000), Hasbrouck and Seppi (200d)Eeckbo and Norli (2002) are representative
of studies that are increasingly recognizing tHe af an illiquidity-based systematic risk factor
while Pastor and Stambaugh (2003) and Acharya aurBon (2005) provide evidence that
systematic illiquidity risk generates a risk premiu

The data on market returns and returns to the FamdaFrench (1993) HML, SMB and
momentum (Mom) risk factors are obtained from Kehnerench’s website. Our measure of
market-wide illiquidity risk is the innovation vaible (ps_innov) based on equation (8) of Pastor
and Stambaugh (2003, page 652)This has been used previously by Asparouhova,
Bessembinder and Kalcheva (2010) and Hasbroucl®j20@apture systematic illiquidity.

The resulting full-period post rank beta estimdtesa portfolio are assigned to each stock
contained in that portfolio, and are combined wathck characteristics in the monthly cross-

section regressions. We also use a range of fsknaharacteristics as recommended by Daniel

25 This data was obtained from the WRDS.
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and Titman (1997). Size is the logarithm of theus¢ market equity value at the end of the
previous year, book-to-market value (B/M) is théaaf book equity to market equity of the
firm measured at the end of the previous year. Véenaotivated to include the previous six
month security return to capture the relationshgiween prior return and current return to
capture momentum effects. We use six monthly retuas Hong et al (1999) show this to be the
most profitable momentum strategy. Jegadeesh atdaiii (1993) find that turnover is an
important predictor of return and so we therefor@ude turnover as an alternative measure of
liquidity. We also include the Roll (1984) effectigpread measure, recently used in asset pricing
tests by Asparouhova et al (2010) and HasbroucB9R0

llliquidity is measured using either the un-scatedscaled Amihud illiquidity ratio, in a
standardized form. Since market-wide illiquiditytisie varying, Amihud (2002) recommends
dividing the illiquidity ratio by the average iligdity ratio of the market. For example, in the
case of ILLIQy, which is the annual average daily ratio (for ktom yeary) of absolute return
to volume (multiplied by 19, with zero volume days omitted, the averageudillity ratio across
all stocks is given by

1 M (10)
AILLIQ, = N—Z_ LIy,
y 1=

where N is the number of stocks in year y. The standaddittiguidity ratio for each security is
given by ILLIQMA;y = ILLIQ;y / AILLIQy. The monthly cross-section regressions use the
standardized illiquidity ratio calculated usinga#&iom the previous calendar year.

The adjusted illiquidity ratio, ILLIQ_A), is obtained by adjusting ILLIQ, as given in

equation (2), by the scaling identified in equat{Bj to give
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A standardized version of the adjusted measure|QMA_Aiy, is obtained by dividing
ILLIQ_A;y by the average value across all firms in the ygathe same manner as for the
unadjusted measure.

In each cross-section equation we utilize in ttsraameasure of illiquidity, ILLIQMA
and ILLIQMA A.*® This allows time-series averages of coefficienffedences between
ILLIQMA and ILLIQMA A to be examined. These diffemees are important because, if
statistically significant, they capture the magdéwby which the illiquidity premium coefficients
are potentially distorted.

Since the ILLIQMA_A adjusted illiquidity measure asdownward scaled version of the
ILLIQMA illiquidity measure, it is tempting to exjge that the estimated coefficient in the cross
section regressions will be greater. This wouldlympat the upward bias in the illiquidity ratio
identified in the simulations generates a downwaas in the premium on illiquidity. However,
this line of reasoning ignores the cross sectiamatian in the scaling itself, which depends on
the extent of non-trading days for each secdfiffhe adjusted illiquidity ratio is effectively an
interaction variable, which measures the effecthef interaction of both the number of non-
trading days and the illiquidity ratio (measurednfr trading days only). As it is possible for the

number of non-trading days and the illiquidity cato be correlated empirically, the covariance

% We drop the firm and year identifying subscripisni here onwards, so the variable definitions caoome the variable
names.

27f there is no cross section variation in the m@ming days among securities, and it is assumatitttie illiquidity ratio is not
scaled by the average ratio across stocks, itriplsito show that the regression coefficient onuhadjusted ratio would indeed
be lower. The scaling on the adjusted ratio redalcesvariance component of the regression coefffidiy the scaling factor
squared and only reduces the covariance elemethédgcaling factor. Since the scaling factor isMeein zero and one, the
overall impact would be to raise the regressiorffiment on the adjusted ratio.
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and variance terms that make up the regressionficdeat of this interaction variable are
complicated functions of the means, variances aaid-vse covariances between average
returns, the illiquidity ratio and the number ofnawading days, and also of these moments of the
squared values of these three variables, see Beltrsnd Goldberger (1969). Therefore, the
sign of the difference between the estimated regyescoefficients on the illiquidity ratio and
the adjusted ratio is an empirical matter.

In common with Amihud (2002) and later applicatidhat utilize the illiquidity ratio, we
exclude stocks from the sample in any year whenZCB&a is available for less than 200 days.
This excludes from the sample firms with extremia tihading, although our earlier analysis
shows that lower levels of thin trading can stiédngrate important biases. Within the final
sample there are on average 2390 NYSE/AMEX stoekh enonth and an average of 4180

NASDAQ stocks.

3.2 Testing the relationship with transaction measures of illiquidity

Amihud (2002) showed that ILLIQ is positively reddt to both the Kyle (1985) price
impact measure, which we denoteand the fixed-cost component of the spread, whieh
denote ag. Using estimates of the Kyle impact measure aediked cost component obtained
from a Glosten and Harris (1988) regression ofanfdrly quotes and transactions for the year
1984, Amihud showed that the illiquidity ratio wasongly related to these transaction based
estimates of illiquidity. It is important therefote establish that our adjustment to the illiquidit
ratio does not diminish the relationship betweeniliiquidity ratio and the price impact measure
and fixed-cost component of the spread. To achileige we re-examine the regression equation

employed by Amihud,
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YVie =a+Blis + v+ € (12)

wherey; , is, in turn, the Amihud ratio, ILLIE or our adjusted ratio ILLIQ_#A

We use the NYSE trades and quotes (TAQ) databas¢héo period 1993-2008 to
estimate the Kyle impact factor and fixed-cost comgnt using the procedure developed in
Glosten and Harris (1988), and match the data t8 CReturn and volume data over the same
period for the calculation of the illiquidity raso We then undertake the regression as a panel
using both time and firm fixed effects for the peril993-2008, using samples based on all firms
and for firms sorted into quintiles by size. We ertdke a test of the null hypothesis that the
difference between the average R-squared from #gression with ILLIQ A and the
companion regression with ILLIQIS zero, by estimating the regression model ségaréor
each year, and using the R-squared values fromasnhto calculate a mean, either for a given
size quintile or for the full sample. Additionallye re-run the regressions of the equation pairs
(ILLIQi: and ILLIQ_A: ) as a SUR system and test whether the coeffgignandy are
significantly different across the equation paiige also examine a regression of the difference
between ILLIQ; and ILLIQ_ A against the price impact measure and fixed costpoment

measure to examine how the bias adjustment itsklfes to these measures.

4. Empirical Results

4.1 Summary Statistics

To gauge the likelihood of needing to adjust thiquidity ratio for zero volume days, Panels A
and B of Table 2, report the observed proportiohgeno volume days for stocks, sorted into

deciles by capitalization, on the NYSE/AMEX (196008) and NASDAQ (1983-2008)
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exchanges, respectively. It can be seen that tiad 8rm decile proportions of zero volume days
are 21.56 percent for NYSE/AMEX stocks and 22.8@@et for NASDAQ stocks. Even at such
modest levels of thin trading, the observed illdityi ratio, in Figure 1 is around 12 percent
higher than the illiquidity ratio would be if calatied for unobserved returns. Moreover, the full
sample averages conceal considerable variatiohamatnual proportions that reach values as
high as 39.93 percent and 45.57 percent, respgctive

[Table 2]

Table 3 provides summary statistics on securityketavalue, daily volume, the un-scaled and
scaled measures of illiquidity along with the itft@m adjusted un-scaled and scaled illiquidity
ratioc®®. For comparability with other studies, we alsoortsummary statistics for the portfolio
betas associated with the risk factors and als@eptesummary information for the risk
characteristics. Statistics are provided for tlsa@ple periods, 1960-2008, 1960-2000 and 2001-
2008 for NYSE/AMEX, in Panel A, and 1983-2008, 198%)0 and 2001-2008 for NASDAQ, in
Panel B. The sample break at 2001 recognizes tralirction of decimalization at this time.

On average, illiquidity is higher for NASDAQ sedigs during its full sample period
than it is for NYSE/AMEX during its full samplé The mean values of ILLIQ and ILLIQ_A for
NYSE/AMEX securities are 15.85 and 14.52 respebtiye value for the difference using a t-
test and a Wilcoxon test is 0), and are 20.94 @&h@4lfor NASDAQ securities (p value for the
difference using a t-test and a Wilcoxon test isWg find that inflation modified illiquidity
ratios are much larger due to the deflation of atoNolumé®. Over time there is a high

correlation between the inflation modified and umified illiquidity ratios (correlations are

2 Dollar volume is adjusted to real dollar volumeusjng the US consumer price index. Using real maluve then calculate the
unscaled and scaled illiquidity ratio as outlinedvpously.

2 Had we been able to study an earlier period foSRAQ these differences would have been even lag¢he earlier period
represented a period of higher illiquidity.

30 bifferences between the two inflation adjusted meas are also significant using a t-test and ad¥da test for both NYSE
and NASDAQ stocks.
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about 45% for NYSE/AMEX and about 90% for NASDA®@Yjusting for inflation reveals that
real illiquidity was highest for NYSE/AMEX stocksudng the 1970’s oil crisis. Real illiquidity
is elevated during the early 1990’s for NYSE/AME¥&ks and NASDAQ stocks. We also find
that both markets have elevated illiquidity durithg 2007-2008 financial crash but the rise in
illiquidity at this time is especially acute for (¥OAQ stocks and even more pronounced than
was evident with non inflation adjusted illiquiditstios.

[Table 3]

Comparisons of the two sub-sample periods for tM&SE/AMEX stocks indicate that
during the period 2001-2008 there has been a sultmtaecline in illiquidity. The values of
ILLIQ and ILLIQ_A fall from 16.37 and 15.05 in th&960-2000 period to 4.98 and 4.65
respectively in the 2001-2008 period. This may x@aned by the huge increase in volume that
takes place during the 2001-2008 period, causedebiymalization and the increased prevalence
of high frequency traders. During the period 2000&the potential measurement bias in ILLIQ
also declines, probably due to the increased tgadutivity that takes place. The NASDAQ
sample also displays a decline in illiquidity insthater period and a corresponding increase in
volume. These changes are smaller than those @iderfior the NYSE/AMEX markets but also
generate a reduction in the divergence betweequidity measures. Overall, the illiquidity
characteristics of stocks on NYSE/AMEX and NASDAR aonsistent with the potential biases
in the measurement of illiquidity due to non-tragliiRelatively large divergences between the

adjusted and unadjusted measures are seen fal#tigely more illiquid NASDAQ market.

4.2 Relation to transactions measures of illiquidity
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Table 4, Panel A, shows the estimated coeffici&nuis the regressions relating ILLIQ
and ILLIQ_A to the Kyle (1985) price impact measuteand the fixed-cost component of the
spready, estimated as a panel across all firms and foyedls. It can be seen that both ILLIQ
and ILLIQ_A are significantly related to both thege impact measures and to the fixed-cost
component measure. The significance levels arengdrofor both variables in the case of our
adjusted measure, ILLIQ_A, and this is reflectecaitnigher R-squared. In Panel A, we also
show the results of the regression of the diffeeebetween ILLIQ and ILLIQ_ A on the price
impact measurej, and the fixed-cost component of the spreadwhich shows that the bias
adjustment is significantly related to both of the@seasures.

To determine whether the observed increase in Rrequfor our measure is significant,
we re-estimate the model separately for each yetlra sample, to estimate a mean R-squared
value. We do this for each of ILLIQ and ILLIQ_A. Wken use these means and the sampling
distribution across the years to test whether tifferdnce between the means is significantly
different from zero. We report these results ind?&hof Table 4. For the full sample, we reject
the hypothesis that the average difference in Rusglis zero (p<0.01), and so conclude that
ILLIQ_A has a stronger relation to the transactioreasures of illiquidity than did ILLIQ. When
we repeat this exercise for separate size-basedilgaj we find that the differences in the R-
squared values are positive in each case, indgaistronger relationship with ILLIQ_A, and
that the differences are greater for smaller firmsere we would expect the differences between
ILLIQ and ILLIQ_A to matter most. The differenceseasignificantly higher for all except the
large firm quintile. From Table 2, we can see thate is relatively little thin trading in the two
deciles containing the largest firms, and so thesans that ILLIQ_A and ILLIQ are likely to be

equal for the vast majority of firms of this sizeyaway. When we undertake the same exercise
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using the R-squared values from the regressioniseoflifference between ILLIQ and ILLIQ_A
on the transactions based measures, we find catbmnresults. These are shown in Panel C of
Table 4.

We also run the regressions relating ILLIQ and QLA to the Kyle (1985) price impact
measure4, and the fixed-cost component of the spregds a two equation SUR system. This
enables us to test directly whether the coeffisieml andy are equal across the two equations.
Chi-squared tests indicate that the coefficientesscthe two equations are significantly different
(A: x? =47.70,p<0.01) and y: x? = 19.02, p<0.01). In all cases, therefore, ILLIQ_A never
produces a worse relationship to transactions megasaf illiquidity, and mostly produces an

improved relationship.

We also find that the scaled illiquidity ratio haslightly higher correlation with volume
and effective spread than the unscaled measureetwbecause the effective spread and
volume are different types of liquidity to the mrianpact effects, increases in correlation are in
the region of 2-3%.

[Table 4]

4.3 Cross-section asset pricing tests

In this section we examine how the illiquidity priemm could be influenced by the potential bias
in the measurement of illiquidity. Tables 5 and epart the time series averages of OLS
estimates of Fama and MacBeth cross-section regnssasing all available NYSE/AMEX or
NASDAQ securities, for the periods 1960-2008 an83t2008 respecitvely. Panel A of each
table reports results of regressions of stock nsten market betd, and illiquidity, Panel B

reports results for a five factor model augment&t Wiquidity, Panel C reports the results for a
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five factor model plus illiquidity, size, firm leYenomentum and the book-to-market ratio. Panel
D provides the results for the model in Panel Colwhs further extended by the inclusion of two
widely used alternative measures of liquidity; Bal spread and turnover. For each market, and
for each specification, there are two versionshef ¢ross-section models. Each version in turn
uses one of the two measures of illiquidity; ILLI@Mind ILLIQMA_A as defined earlier. The
column DIF reports the time series mean of thesdiffice in the cross-sectional estimate of the
coefficients from the model containing ILLIQMA anthe same specification containing
ILLIQMA_A instead. From this column we are partiatlly interested to discover whether
significant differences exist between the coeffitseon ILLIQMA and ILLIQMA_A. If these
differences reflect a bias in the measurement lofuitlity, then this DIF coefficient will be
statistically significant. The t-statistics are qmted using the Shanken (1992) adjustment for
errors-in-variabled! which as noted by Hasbrouck (2009) is equivalera generalized method
of moments (GMM) estimation.

The regressions undertaken for NYSE/AMEX securitigsported in Table 5,
demonstrate that the illiquidity premium associavath ILLIQMA is statistically significant.
The results contained in Panel A show that thefmoefit on ILLIQMA is 0.168. As we add
more explanatory variables the illiquidity premiuwrnefficient tends to fall. In Panel D the
coefficient on ILLIQMA is 0.084. We find that theoefficient on ILLIQMA is below the
coefficient on the adjusted illiquidity ratio, ILQIMA A, which ranges from 0.189 in Panel A to

0.092 in Panel D. Moreover, as shown by the resultse DIF column, differences between the

31 The errors-in-variables problem arises as betas the first pass are estimated with error, cauaimginderestimate of beta
risk and an overstatement in the second pass ciegifs of other variables. Although using portfslio estimate beta in the first
pass mitigates this problem, the use of Shanke®2(19statistics allows any residual errors-in-ables biases to be corrected.
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ILLIQMA and ILLIQMA _A coefficients range from -0.02in Panel B to -0.008 in Panel D and
are significant in all specification¥.
[Table 5]

Figure 6 traces out the proportion of the illigtydpremium that this difference between
the ILLIQMA and ILLIQMA A coefficients representsnd shows that omitting zero volume
days, without a re-adjustment to the measuremeitiapfidity, potentially leads to a substantial
understatement of the illiquidity premium in eagbedfication. Figure 8 shows that this
understatement in the illiquidity premium coeffigis (and therefore the premium) is between -
17.3% (Panel B results) and -8.6% (Panel C). Thi®mtial understatement in the illiquidity
premium is also significant in economic terms. Btendard deviation of ILLIQMA during the
period 1960-2008 is 2.76. For a researcher esmgdlie effect on expected returns of a two
standard deviation change in ILLIQMA would undetstthe change in the illiquidity premium
by 2*2.76*-0.023=0.13% on a monthly basis, basedh@Panel B results in Table 5. This is
equivalent to 1.52% on an annualized basis. Thdtee Panel D indicate an understatement in
the change on the illiquidity premium of 2*2.76°008=-0.044% on a monthly basis, or -0.53%
when annualized.

[Figure 8]

The results presented for NASDAQ securities aradigoconsistent with those found for
NYSE/AMEX stocks. Panel A of Table 6 shows that ttmefficients on ILLIQMA and
ILLIQMA_A are 0.140 and 0.165 respectively. As weva from Panel A to Panel D these
coefficients decline in value. Panel D reports tioeints on ILLIQMA and ILLIQMA_A of

0.033 and 0.041 respectively. These differencekinvitkach panel point to an under-estimation

32 Asparouhova et al (2010) recommend using weigleadt squares (WLS) to account for possible cdicglabetween the
measure of illiquidity and noise in prices. We sesmine all the cross section regression specifinatiusing WLS. The
difference in coefficients between ILLIQMA and ILQMA_A remains statistically significant.
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of the premium using the unadjusted illiquidity reege, ILLIQMA. The coefficient on
illiquidity in the DIF column is negative in eacli®anel A to D, ranging from -0.025 in Panel A
to -0.008 in Panel D. Coefficients decline in valmrd significance as we move to Panel D
because there is collinearity between the diffeliemidity measures and the illiquidity ratis
Figure 9 shows that this bias in the illiquidityeprium ranges from -24.24% (based on Panel D)
to -15.3% (based on Panel C). Although the poitimedes vary slightly from one specification
to another the impact on the illiquidity premiumgsite robust and slightly larger than for the
NYSE.

A change in ILLIQMA by two standard deviations leatb an under-estimate of the
change in the illiquidity premium of 2*2.75*-0.25 =.14% a month, or -1.65% on an
annualised basis, based on the results in Parf@r*Panel D’s specification, the under-estimate
would be 2*2.75*-0.008= -0.044% a month, or -0.58f6an annualised basis. The impact of the
monthly bias on NASDAQ stocks is therefore compkeréb that for the NYSE/AMEX stocks.

[Table 6]

[Figure 9]
As a robustness exercise we also undertake a tge segression. In the first stage we regress
ILLIQMA_A on ILLIQMA. The residuals from this regssion leave a measure of illiquidity that
is free from the Amihud unadjusted measure whitaineng the difference between the Ahihud
ratio and the adjusted ratio. We then regressdhigluals from this regression against variables
used in the cross-section of expected returns €raknd 6). The illiquidity variable in these
regressions comprises of the residuals from tis¢ $tage regression. The results of the second

stage regression are provided in Table 5 for NYigfasf and Table 6 for NASDAQ firms and

33 For example, the correlation between the illigtyidatios and the effective spread is over 60% evttiere is strong negative
correlation between volume and the illiquidity oeti
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shows that in all four panels the residuals areisa@ant. This suggests that the adjusted measure
of illiquidity contains elements that are priced ®turns and these can not be related to the

unadjusted Amihud ratio as these have already beiacted.

The cross section regression results have impotgpitcations not only for the pricing
of illiquidity risk, but also for the pricing of nmy of the other risk variables and firm
characteristics that are included in the regressibtany of these variables are priced and the use
of a potentially biased illiquidity measure may satsignificant bias in their coefficient values
also. There are many instances in Tables 5 andstywificant coefficient differences, in the DIF
column, for explanatory variables other than thesoee of illiquidity. Significant values of DIF
capture the understatement in the premium due d@adbths in the illiquidity ratio. Since thin
trading causes the bias in the Amihud ratio, DIF e partially correlated with the number of
zero volume days. As shown by Lesmond et al (189 nhumber of zero volume days can be a
useful measure of illiquidity in itself althoughig designed to capture a very different aspect of
illiquidity to the Amihud ratio (which is concernedth price impacts). However, our concern in
this paper is to make the Amihud ratio as effectiggossible at capturing the form of illiquidity

it sets out to measuie

4.4 Sub-period Analysis

The cross section asset pricing tests indicate tttupward bias in the measurement of
illiquidity results in an understatement of theqillidity premium. In this section, we report the

results from estimating the cross section asseingrimodels for the following sub-samples. For

34 There are a range of different measures of ildigyiincluding the effective spread, volume, numbétrades, zero volume
days as well as the illiquidity ratio. Each of taeseasures captures a different dimension to ligwiiiquidity and as shown by
Aitken and Comerton-Forde (2003) who shown thafltlity measures are not always highly correlatiti each other.
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the NYSE/AMEX sample of stocks, we use the two quigi 1960-2000 and 2001-2008. For
NASDAQ, we examine the periods 1983-2000 and 20082 We split the sub-periods into
before and after 2001 as from this period sevenglortant changes took place to the trading

environment which may have had an impact on nahrica

On January 29, 2001 the NYSE introduced decimalinmi” and reduced the minimum
tick size to one per cent. These changes, couplgad the increased utilisation of high
frequency trading algorithms and changes to thdirtgaenvironment have led to reduced
spreads (Bessembinder (2003)) and an increasadimdy volume (Chakravarty, Van Ness and

Van Ness (2005)) especially in small stocks.

The results are reported in Tables 7 to 10, whareePA reports results of regressions of
stock returns on market beia, and one of the two measures of illiquidity, whHianel B to D
report results for the extended specifications,cWwhinclude the wider range of explanatory
variables.

[Table 7]

In Table 7, for NYSE/AMEX stocks during the perid@@60-2000, the coefficients on
ILLIQMA and ILLIQMA_A displayed in Panel A are 0.87and 0.201, respectively. As more
explanatory variables are included in the spedibcathe size of the coefficients on illiquidity
tend to fall. In Panel D, the two illiquidity coafients are 0.087 and 0.096 respectively. The
magnitudes of the coefficients on the illiquidityeasures across the different cross-section

regressions specifications are comparable to tregs@rted in Table 5 for the full-sample period,

% Decimalization actually took place in four stag8even stocks traded by one specialist convertedttimal
pricing in August 2000, 57 stocks on September @602 94 stocks on Decembef 4and the remaining stocks
January 29 2001.
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1960 to 2008. In all specifications, the differeretween the coefficient values of ILLIQMA
and ILLIQMA A are significant. The coefficient dédfences range from -0.024 to -0.008 again
showing that the coefficients on the unadjustetb rdtLIQMA, are potentially understated.
Figure 8 shows that these differences imply an tgtdeement of the illiquidity premium in the
period 1960-2000 equivalent to 16.7% (Panel B) 8% (Panel C) of its value. These
differences are also of similar magnitude to thiosed for the full sample period.

In Table 8, we report the results for NYSE/AMEX cks for the period 2001-2008.
During this relatively short period, both ILLIQMANnd ILLIQMA_A are priced in all
specifications, although the coefficient magnitudexsd to be smaller than during the period
1960-2000. The other risk variables that we usethi@ various specifications fail to be
significantly priced, with the exception of the yieus six month return and the effective spread.
The coefficient differences for the illiquidity maaes in the DIF column are significant in all
specifications, but are lower in this period thareither the full sample or the sub-period 1960-
2000. Although the difference between the measumed, so the impact on the illiquidity
premium has fallen in this more recent sub-santpis,does not mean that the adjustment for
non-trading is less important. On the contrary,aose the overall level of liquidity has been
increasing in recent years, which is responsible rémlucing the size of both measures of
illiquidity, the size of the coefficient differensdetween the two measures increases in relative
importance. For the period, 2001-2008, the paatninderstatement of the illiquidity premium
ranges between 21.13%, using Panel B results, igeeeR8, and 8.00% of the premium using
Panel C results.

[Table 8]
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Table 9 reports the results for NASDAQ during tleeipd 1983-2000. The ILLIQMA and
ILLIQMA A coefficients displayed in Panel A are @2 and 0.173 respectively. The price of
illiquidity risk declines as we move from Panel &Ranel D and is not significant in Panel C or
D. The coefficient difference values in the DIF woh are significant in both Panel A and B,
ranging from -0.026 in Panel A to -0.023 Panel BuFe 9 shows that these magnitudes imply
that the illiquidity premium of ILLIQMA is understed during the period 1983-2000 by between
17.68% (Panel A) and 17.29% % (Panel B). Thesdhisr sub-sample are comparable to the
results discussed in Table 6 for the full -perid®@83-2008. Table 10 provides the results for
NASDAQ stocks during the 2001-2008 period. The ficehts associated with illiquidity are
lower than for the period 1983-2000, but remaimiicant in all specifications except that of
Panel D. The coefficient difference values in tH& Dolumn are comparable to those presented
for the earlier period, and imply that the illiqiidpremium of ILLIQMA is understated during
the period 2001-2008 by between 21.05% (Panehd)1&.88% (Panel B3

Comparison of the results for NASDAQ in Table 1@hathose presented in Table 8 for
NYSE/AMEX stocks, which both use the same sampleogeof 2001-2008, shows that on
average across the cross section specificationgdkential understatement of the illiquidity
premium is larger for NASDAQ than for NYSE/AMEX sk during this period.

[Table 9]

[Table 10]

% We also examine other sub-periods including suipgs of equal length for each market and find findings
that the Amihud ratio understates the risk premasasociated with illiquidity is robust.
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4.5 The Square Root Transformation of the Illiquidity Ratio

Although most applications of the illiquidity ratigilize the ratio which is computed exactly as
shown by Amihud (2002), Hasbrouck (2009) noted thatquare root transformation of the
illiquidity ratio may perform better empirically. Rent applications of the illiquidity ratio by
both Hasbrouck (2009) and Asparouhova, BessembiadérKalcheva (2010) have used this
version of the illiquidity ratio. So, in this seati, we show that our results are robust to this
transformation. However, we also note that if ngusitnents are made for thin trading bias,
utilisation of the square root transformation wllovide slightly less biased measures of the
illiquidity premium.

We calculate the square root illiquidity ratid].LIQMA, following the procedure used
by Hasbrouck (2009). We compute daily values ofIQL(the daily absolute return to volume
ratio), the square root transformation is then i@oplThese values are averaged over the year to
obtain a transformed security illiquidity ratigJLLIQ. For use in the cross-section tests, we
scale the transformed security ratios by the ave(agnsformed) ratio across all available stocks
in the market, to generatdLLIQMA. Days which contain zero volume are omittéthe non-

trading adjusted measure)ILLIQMA_ A, is calculated by applying the scaling

(JTiy + Ty — Tiy)/(2T:y) , toVILLIQMA. This scaling follows from equation (8).
[Table 11]

In Table 11 we report the Fama and MacBeth crossiose regression results for
NYSE/AMEX stocks for the same four model specifizas used in earlier tests. The results
show that the illiquidity premium coefficients alager than was the case without the square
root transformation and are comparable to the eséisnprovided by Hasbrouck (2009) and

Asparouhova, Bessembinder and Kalcheva (2010) wsw wse the square root transformation.
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The values of the coefficients ofILLIQMA and VILLIQMA A are 0.357 and 0.377
respectively (Panel A). The illiquidity coefficienare significant in all specifications. In Panel A
to C the coefficient values are similar but argtdly lower in Panel D, the specification
containing the greatest number of explanatory téesm The coefficient difference for the
illiquidity measures in column DIF is also signditt in all equations, again indicating a
potential downwards bias in the illiquidity premipranging from -0.033 in Panel B to -0.006 in
Panel D. The results presented for NYSE/AMEX statksw that the square root transformation
reduces the bias but does not eliminate it. Thiwiges further support for using the square root
transformation, especially if our proposed adjusttider thin trading is not made.

The results for NASDAQ stocks are contained in &al2. The magnitude and pattern of
results associated with illiquidity are comparatioléhose presented for the NYSE/AMEX stocks
contained in Table 11. All measures of illiquidéye highly significant. The coefficients on
VILLIQMA and VILLIQMA_A contained in Panel A are 0.341 and 0.3&8pectively and fall to
0.067 and 0.078 in panel D. The DIF coefficientuesl for the illiquidity measures range from -
0.032 in Panel B to -0.014 in Panel C signifyingttin each specification there is a potential
understatement of the illiquidity premium. Our riésuegarding the size of the potential bias are
consistent with the findings for the NYSE/AMEX sdmpThe square root transformation
reduces the bias but does not eliminate it.

[Table 12]

5. Conclusions

The Amihud-illiquidity ratio is now widely used tapture illiquidity in asset markets. However,

the impact that thin trading has on its measurerhagtnot been explored previously. This paper
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has examined the possible empirical biases thdt dmiintroduced both to the measurement of
the illiquidity ratio and to estimates of the illiglity premium because of thin trading.

We assess, through a simulation analysis, theiop&dtip between thin trading and the
measurement of illiquidity. When calculating theqguiidity ratio, which is an average of the
daily ratios of absolute return to volume, it iarglard practice to extract days of zero volume
because the illiquidity ratio is mathematically efided in these cases. Our simulations show
that omitting these days from the computation ef ithquidity ratio can cause an upwards bias
in the estimate of the illiquidity ratio. To coentthis potential bias, we propose an almost bias
free illiquidity ratio that is easily computed amil reflect the original measure when there is no
thin trading. This measure involves applying a isgafactor to the illiquidity ratio that is a
function of the number of possible trading days trelnumber of these days in which the stock
actually traded.

We analyse the illiquidity ratios of stocks listed the NYSE/AMEX and NASDAQ
exchanges. The computation of the scaled and Uaesitiquidity ratios suggests that there may
be important biases in empirical since we find alte differences between the two ratios.
Comparison of the NYSE/AMEX and the NASDAQ sampéd®w that these differences are
larger on the less liquid NASDAQ. When we analyse dach market groups of companies
formed into deciles on the basis of market value find that the divergence between the
different illiquidity measures increases as we mfveen the large firm decile to the small firm
decile. We also examine the measures of illiquiddging data observed at different frequencies.
For lower frequency data, we find smaller differemdetween the two illiquidity measures.
These results regarding both firm size and dat@rebsion frequency are consistent with thin

trading being the underlying cause of the divergerietween the illiquidity ratios.
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Our summary statistics are complemented by a rahdg&ama and MacBeth style asset
pricing tests, which include a range of controliales including alternative measures of
liquidity. These regressions show that there agaifstant differences between the coefficients
on the adjusted and unadjusted illiquidity ratiBsiring the period 1960-2008 the regression
results suggest that, by omitting zero volume dapen calculating the illiquidity ratio, the
illiquidity premium coefficient associated with NEFAMEX stocks may be biased downwards
by over 17%. For NASDAQ securities during the lggeriod 1983-2008 the regressions suggest
that the illiquidity premium may be biased downwsaby up to 24%. These results are robust to
re-examination in sub-samples of the full time-sp&data and to use of the square-root form of

the illiquidity ratio proposed by Hasbrouck (2009).
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Table 1: Mean absolute percentage errors for liquidity measures calculated from simulated returns data

Summary statistics on the mean absolute percentage error between a liquidity measure featuring non-trading and the measure for the same simulated returns
when the non-trading probability is zero. ILLIQ is the Amihud (2002) measure with non-trading days excluded. ILLIQ_A is the measure ILLIQ scaled by (2T-1)/2T,
where T is the number of possible trading days and t is the number of zero volume days within T. The absolute percentage error for a given percentile is the
absolute percentage error between the liquidity measure for that percentile non-trading probability and the measure with a zero non-trading probability.

Non-trading probability deciles Full
Illiquidity Ratio 1 2 3 4 5 6 7 8 9 10 Sample
ILLIQ 2.49 7.37 13.73 21.17 30.42 43.82 61.80 89.06 144.31 363.18 74.85
ILLIQ_A 0.42 1.00 1.01 0.66 0.60 3.73 8.78 18.04 40.04 141.69 20.38

Table 2: Zero Volume Days for NYSE/AMEX and NASDAQ stocks

Summary statistics relating to occurrences of zero daily volume on trading days for stocks on NYSE/AMEX (1960-2008) and NASDAQ (1983-2008), sorted by
capitalization. The proportion of zero volume days is calculated for each stock as the number of zero volume days divided by the number of trading days within
the year. This proportion is then averaged across all stocks in the decile for a given year, and then averaged across all the years for each decile. Decile number 1
contains the smallest stocks by capitalization. The figures in parentheses below the zero volume proportions are the standard deviation of the annual figures
giving a measure of the variation in the proportion of zero volume days across time. Zero volume days with non-zero returns gives the percentage of trading days
where volume was zero and the return was non-zero, and is computed following the same steps as for the proportion of zero volume days.

Averages across stocks by capitalization decile

1 2 3 4 5 6 7 8 9 10
Panel A NYSE-AMEX 1960-2008
Zero volume days (%) 21.56 12.56 8.08 4.93 3.01 2.02 1.27 0.83 0.32 0.07
(8.44) (5.78) (4.09) (3.29) (2.48) (2.00) (1.25) (0.98) (0.47) (0.12)
Panel B NASDAQ 1983-2008
Zero volume days (%) 22.89 16.81 13.15 9.44 7.08 5.00 3.41 2.28 1.21 0.41
(10.39)  (7.79) (6.16) (5.00) (4.38) (3.92) (3.11) (2.15) (1.25) (0.48)
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Table 3: Summary Statistics

This table reports mean, median, standard deviation (St Dev.) values of the following variables. MV is the logarithm of December market value. Volume is
daily volume in millions of US dollars. ILLIQ and ILLIQ_A are the illiquidity ratios computed from daily information multiplied by 10°. ILLIQ is computed
using all available data but excluding zero volume days. ILLIQ_A is ILLIQ scaled by scaled by (2T-t)/2T, where T is the number of possible trading days and t
is the number of zero volume days within T. ILLIQ-ILLIQ_A % Diff is the percentage difference between ILLIQ and ILLIQ_A. ilLLIQ and ilLLIQ_A are the
inflation adjusted illiquidity ratios, B, is the estimated portfolio market beta from the twenty five portfolios, Bsyg is the estimated beta on the Fama-
French SMB factor from the twenty five portfolios, By, is the is the estimated beta on the Fama-French HML factor from the twenty five portfolios. By, is
the beta on the Pastor-Stambaugh market-wide illiquidity factor from the twenty five portfolios. By.m is the beta on the Fama-French Mom factor from
the twenty five portfolios. R(-6) is the prior six month return, B/M is the book-to-market ratio of the firm, Roll Spread is the Roll (1984) effective spread,
Turnover is the stock turnover measured as volume divided by number of shares issued. Panel A presents results for NYSE/AMEX stocks for the periods
1960-2008, 1960-2000 and 2001-2008,. Panel B presents results for NASDAQ stocks 1983-2008, 1983-2000 and 2001-2008.

Panel A: NYSE/AMEX

1960-2008 1960-2000 2001-2008
Mean Median St Dev. Mean Median St.Dev. Mean Median St.Dev.
MV 11.7902  11.6484 9.0622  11.5331  11.4030 8.9386  13.2366 13.4205 9.1632
Volume 0.2151 0.0119 1.2798 0.0766 0.0084 0.3352 1.0094 0.2357 3.1055
ILLIQ 15.853 12.164 11.821  16.3728  4.3739 33.5605 4.9834  0.0992  26.6680
ILLIQ_A 14.522 11.278 10.719 15.0506  4.3606 27.8997 4.6536  0.0992  24.7795
ILLIQ-ILLIQ_A % Diff 0.0155 0.0000  0.0472 - 0.0171 0.0000  0.0495  0.0058  0.0000  0.0291
lillig 39.3244 36.0312 199177 416758 37.3115 18.3015 31.4562 22.1838  19.1644
iILLIQ_A 36.3653  33.4604 126462 374934 343372  15.0290 29.3258 34.1320 18.0117
B 1.0627 1.0636 0.2077  1.0633 1.0636 0.2077 10597  1.0636  0.2078
Bevis 0.7312 0.7594 0.4539  0.7323 0.7594 0.4552  0.7260  0.7594  0.4475
BuuL 0.5171 0.5312 0.1741 05173 0.5312 0.1736 05160  0.5338  0.1769
Bos 1.0003 1.4856 2.6065  0.9951 1.4856 26121  1.0260  1.4856  2.5781
Briom -0.098 0.0983 00736  _0.0989  -0.0988  0.0733 -0.0975  -0.0989  0.0747
R(-6) 1.2070 0.0000 12.4457  1.2974 0.0000 12.1732  0.6612  4.7707  7.0222
B/M 2.4350 0.6569 43232 27272 0.6890 462,61  0.4370  0.4997  6.7237
Roll Spread 0.2940 0.2077 03253 0.2941 0.2095 03230  0.2932  0.1956  0.3371
Turnover 2.8834 1.6509 4.1539  2.2253 1.4375 29572 6.6526  4.7707  7.0222

Table 3: Summary Statistics (cont.)
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This table reports mean, median, standard deviation (St Dev.) values of the following variables. MV is the logarithm of December market value. Volume is
daily volume in millions of US dollars. ILLIQ and ILLIQ_A are the illiquidity ratios computed from daily information multiplied by 10°. ILLIQ is computed
using all available data but excluding zero volume days. ILLIQ_A is ILLIQ scaled by scaled by (2T-t)/2T, where T is the number of possible trading days and t
is the number of zero volume days within T. ILLIQ-ILLIQ_A % Diff is the percentage difference between ILLIQ and ILLIQ_A. ilLLIQ and ilLLIQ_A are the
inflation adjusted illiquidity ratios, B, is the estimated portfolio market beta from the twenty five portfolios, Bsyg is the estimated beta on the Fama-
French SMB factor from the twenty five portfolios, Byw. is the is the estimated beta on the Fama-French HML factor from the twenty five portfolios. By, is
the beta on the Pastor-Stambaugh market-wide illiquidity factor from the twenty five portfolios. By.m is the beta on the Fama-French Mom factor from
the twenty five portfolios. R(-6) is the prior six month return, B/M is the book-to-market ratio of the firm, Roll Spread is the Roll (1984) effective spread,
Turnover is stock turnover . Panel A presents results for NYSE/AMEX stocks for the periods 1960-2008, 1960-2000 and 2001-2008,. Panel B presents
results for NASDAQ stocks 1983-2008, 1983-2000 and 2001-2008.

Panel B: NASDAQ

1983-2008 1983-2000 2001-2008

Mean Median St.Dev. Mean Median  St.Dev. Mean Median  St. Dev
MV 11.3172 11.2051 8.6534 11.0235 10.9211 8.5274 12.0077 11.9718 8.7420
Volume 0.2291 0.0220 1.6098 0.0926 0.0156 0.5707 0.6034 0.0893 2.9356
ILLIQ 20.9403 3.8465 68.0399 22.8572 6.0237 64.0053 15.6836 0.5201 77.8008
ILLIQ_A 18.0394 3.7207 53.0677 19.1894 5.7466 43.9850 14.8855 0.5201 72.2509
ILLIQ-ILLIQ_A % Diff 0.0383 0.0000 0.5313 0.0497 0.0020 0.0964 0.0072 0.0000 0.0298
iLLIQ 111.4275 97.4792 46.1718 109.1033 97.0031 46.1789 116.3268 83.1957 108. 2604
iILLIQ_A 96.2081 82.7129 4.6615 91.8300 82.4938 34.3610 111.3506 82.2621 104.3428
Bem 1.0594 1.0718 0.2749 1.0686 1.0934 0.2740 1.0429 1.0718 0.2756
Boms 0.7186 0.7448 0.2125 0.7185 0.7448  0.2113 0.7189 0.7448  0.2147
BamL 0.3120 0.4031 0.2840 0.3064 0.4031 0.2868 0.3219 0.4391 0.2786
Bos 0.1983 -0.5034 3.2977 0.1838 -0.5034  3.3128 0.2243 -0.5034  3.2703
Buiom -0.1242 -0.0929 0.1078 -0.1268 -0.0932  0.1075 -0.1196 -0.0929 0.1083
R(-6) 1.0154 0.0000 16.065 1.0684 0.0000 16.371 0.8666 0.0000 20.181
B/M 0.5718 0.5347 19.232 0.5865 0.5479 21.81 0.5252 0.5025 5.5768
Roll Spread 0.5275 0.3745 0.5339 0.5716 0.4113 0.5709 0.4004 0.2859 0.3816
Turnover 5.0391 2.7603 7.6303 4.2951 2.5554 6.1198 7.1312 4.1290 10.520
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Table 4: Regressions against transactions measures of illiquidity

Panel A presents the estimated coefficients of the regression equation,
Vie = a+ BAic + v + &,

where Y; ¢ is, in turn, ILLIQ;;, the Amihud (2002) illiquidity ratio, equation (2), ILLIQ_4;;, the adjusted illiquidity ratio proposed in equation (11), or the
difference between the two measures, for all firms with NYSE TAQ data for the period 1993 to 2008. The regressions are run as a panel with both firm and time
fixed effects. The explanatory variables are A the Kyle (1985) price impact measure and y the fixed-cost component of the spread, and are estimated from
intraday quotes and transactions using the method of Glosten and Harris (1988). In Panel B, we calculate a mean difference in the R-squared values from each
of the regressions for ILLIQ; ;, and ILLIQ_A; ;, using estimates for each year separately to constitute a sample. We do this for the full sample of all firms, and
separately by size quintile. In Panel C, we examine the R-squared for regressions for the difference between the two measures, using estimates for each year
separately to constitute a sample, both for the full sample of firms and for each size quintile. The * implies significance at a 10% level, ** at a 5% level and ***
at a 1% level. The figures in parentheses are t-statistics.

Panel A: Panel Regression Results (all firms, all years)

Constant A (Kyle) ¢ (Fixed Cost) R’
ILLIQ;, 1.425 1.641 10.491 3.35%
(45.91)%** (23.41)*** (20.23)***
ILLIQ Ay, 1.394 1.605 10.216 3.37%
(46.18)*** (23.54)%** (20.26)***
ILLIQ Ay — ILLIQ;, -0.031 -0.036 -0.275 0.23%
(-11.10)*** (-5.67)*** (-5.81)***
Panel B: Test of null hypothesis of zero difference between the R? (Ho: AR’=0 ) for ILLIQ; ; and ILLIQ_A; ,
Quintiles sorted by firm size Full Sample
Small 2 3 4 Large
Average AR 0.00243 0.00190 0.00016 0.00007 <0.00001 0.00078
t-stat (2.21)** (2.54)** (3.33)*** (1.98)* (1.00) (3.12)%**
Panel C: Test of null hypothesis of zero for the R* (Ho: R?=0 ) for ILLIQ;, — ILLIQ_A;,
Quintiles sorted by firm size Full Sample
Small 2 3 4 Large
Average R’ 0.04860 0.08086 0.01161 0.03547 0.00822 0.01403
t-stat (3.81)*** (2.00)* (3.48)*** (1.69)* (1.00) (3.52)%**
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Table 5: Fama-MacBeth Cross Section Results NYSE/AMEX 1960-2008

Reported estimates are the time series average of coefficients from cross-sectional Fama-MacBeth regressions using
monthly return data for NYSE/AMEX stocks over the period 1960-2008. Panel A reports results of monthly returns
regressed on the estimated market beta (B,) and one of the two illiquidity measures ILLIQMA, or ILLIQMA_A. ILLIQMA has
been computed as described in Amihud (2002) and omits any zero volume days. ILLIQMA_A is ILLIQMA scaled by (2T-t)/2T,
where T is the number of possible trading days and t is the number of zero volume days within T. The column headed DIF
reports the time series average of the difference between the cross section coefficients obtained from the regressions
using each of the two illiquidity measures. Panel B contains estimates where the cross-section model specification also
includes B, the market-wide illiquidity risk factor, and the estimated betas on the Fama-French SMB (Bsys), HML (B
and Mom (Bwom) factors. Panel C are the results from the specification that augments the regressions with market value
(Size), book-to-market value (B/M), and the prior six month return, R(-6). Panel D extends the model further by including
two alternative measures of liquidity, the Roll (1984) effective spread (Spread) and turnover (Turnover). The * implies
significance at a 10% level, ** at a 5% level and *** at a 1% level using Shanken (1992) adjusted t-statistics. Two-Stage are
the results of the two stage regression in which ILLIQMA_A is regressed against ILLIQMA. Second stage results are
reported in which these residuals, risk factors and characteristics are regressed against one year ahead returns. In this
second stage regression the illiquidity variable are the residuals from the first stage regression.

Panel A Panel B
ILLIQMA ILLIQMA_A DIF Two-Stage ILLIQMA ILLIQMA_A DIF Two-Stage

llliquidity 0.168 0.189 -0.021 0.538 0.133 0.156 -0.023 0.287

(3.89)%**  (3.90)*** (-3.72)%**%  (2.91)*** (4.56)%** (4.65)*** (-4.53)%** (2.75)%**
Brm 0.154 0.162 -0.008 -0.037 0.371 0.458 -0.086 -0.252

(0.49) (0.52) (-1.67)* (-0.12) (1.17) (1.43) (-4.58)%** (-0.78)
Beus - - - -0.025 -0.073 0.048 0.301

- - - (-0.12) (-0.34) (4.63)*** (1.36)
BumiL - - - 0.652 0.649 0.002 0.475

- - - (2.87)*** (2.86)*** (0.65) (2.15)**
Bos - - - 0.004 0.003 0.000 0.011

- - - (0.36) (0.34) (0.78) (1.12)
Buiom 0.012 0.149 -0.136 -0.676

- - - (0.02) (0.28) (-4.60)*** (-1.23)

Panel C Panel D

ILLIQMA ILLIQMA_A DIF Two-Stage ILLIQMA ILLIQMA_A DIF Two-Stage
liquidity 0.116 0.126 -0.010 0.310 0.084 0.092 -0.008 0.193

(3.54)%**  (3.58)%** (-2.73)***  (1.88)* (2.88)*** (2.93)%** (-2.25)%*x* (1.7)*
Brm 0.876 0.907 -0.031 0.541 0.831 0.853 -0.023 0.604

(2.39)%*  (2.46)** (-3.15)***  (1.42) (2.31)** (2.37)%** (-2.44)** (1.62)
Bswis -0.686 -0.694 0.008 -0.654 -0.552 -0.559 0.007 -0.521

(-2.77)***  (-2.80)*** (2.14)** (-2.55)** (-2.35)** (-2.38)** (-1.70)* (-2.15)**
BumL 0.506 0.500 0.006 0.431 0.381 0.377 -0.005 0.324

(2.18)** (2.16)%** (-2.21)**  (1.8)* (1.74)* (1.73)* (-1.68)* (1.43)
Bos -0.010 -0.010 0.000 -0.008 -0.008 -0.008 -0.0000 -0.006

(-0.92) (0.91) (-1.45) (-0.68) (-0.77) (-0.76) (-1.17) (-0.59)
Buiom 0.185 0.255 -0.069 -0.382 0.118 0.172 -0.053 -0.277

(0.34) (0.47) (-3.60)***  (-0.67) (-0.22) (-0.32) (-2.94)%*x* (-0.5)
Size -0.175 -0.171 -0.004 -0.227 -0.161 -0.159 -0.002 -0.193

(-2.8)*** (-2.76)*** (-2.83)***  (-3.39)*** (-2.69)*** (-2.67)*** (-1.64) (-3.11)***
R(-6) 1.177 1.178 -0.004 1.205 1.227 1.227 0.000 1.244

(3.87)*** (3.88)*** (-0.23) (3.74)*** (4.22)*** (4.23)*** (0.02) (4.12)***
B/M 0.047 0.047 0.000 0.058 0.031 0.030 0.000 0.036

(0.78) (0.78) (0.33) (0.9) (0.53) (0.53) (0.37) (0.61)
Spread 0.044 0.040 0.004 0.069

(1.00) (0.91) (3.40)*** (1.45)
Turnover -0.052 -0.050 -0.002 -0.064
(-2.52)** (-2.45)** (-2.13)** (-2.84)***
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Table 6: Fama-MacBeth Cross-Section Results NASDAQ 1983-2008

Reported estimates are the time series average of coefficients from cross-sectional Fama-MacBeth regressions using monthly return
data for NASDAQ stocks over the period 1983-2008. Panel A reports results of monthly returns regressed on the estimated market
beta (B.,) and one of the two illiquidity measures ILLIQMA, or ILLIQMA_A. ILLIQMA has been computed as described in Amihud
(2002) and omits any zero volume days. ILLIQMA_A is ILLIQMA scaled by (2T-t)/2T, where T is the number of possible trading days
and tis the number of zero volume days within T. The column headed DIF reports the time series average of the difference between
the cross section coefficients obtained from the regressions using each of the two illiquidity measures. Panel B contains estimates
where the cross-section model specification also includes B,; the market-wide illiquidity risk factor, and the estimated betas on the
Fama-French SMB (Bswgs), HML (Bym) and Mom (Bwom) factors. Panel C are the results from the specification that augments the
regressions with market value (Size), book-to-market value (B/M), and the prior six month return, R(-6). Panel D extends the model
further by including two alternative measures of liquidity, the Roll (1984) effective spread (Spread) and turnover (Turnover).. The *
implies significance at a 10% level, ** at a 5% level and *** at a 1% level using Shanken (1992) adjusted t-statistics. N is the number
of firm months in the sample. Two-Stage are the results of the two stage regression in which ILLIQMA_A is regressed against
ILLIQMA. Second stage results are reported in which these residuals, risk factors and characteristics are regressed against one year
ahead returns. In this second stage regression the illiquidity variable are the residuals from the first stage regression.

Panel A Panel B
ILLIQMA ILLIQMA_A DIF Two-Stage ILLIQMA ILLIQMA_A DIF Two-Stage

liquidity 0.140 0.165 -0.025 0.654 0.117 0.138 -0.021 0.543

(4.21)*¥**  (4.52)*** (-3.71)***  (3.1)*** (13.05)*** (3.26)*** (-2.88)***  (2.96)***
Bim 0.361 0.411 -0.050 0.165 0.533 0.572 -0.038 0.396

(0.79) (0.90) (-4.16)***  (0.35) (1.48) (1.60) (-3.01)***  (1.09)
Bsms - - - -0.111 0.066 0.045 0.147

- - - (0.22) (0.13) (3.42)***  (0.3)
Bumt - - - 0.532 0.537 -0.005 0.488

- - - (1.28) (1.28) (-1.72)* (1.21)
Bos - - - 0.044 0.040 0.004 0.062

- - - (2.14)** (1.95)* (3.37)%**  (3.47)***
Size - - - -1.667 -1.659 -0.008 -1.775

- - - (-1.75)* (-1.74)* (-0.67) (-1.87)*

Panel C Panel D

ILLIQMA ILLIQMA_A  DIF Two-Stage  ILLIQMA ILLIQMA_A DIF Two-Stage
lliquidity 0.072 0.083 -0.012 0.611 0.033 0.041 -0.008 0.457

(1.88)* (2.02)** (-2.55)**  (2.5)** (1.3) (1.63) (-1.7)* (1.99)**
Bem 1.285 1.294 -0.009 1.272 1.338 1.341 -0.002 1.352

(3.33)%**  (3.38)*** (-1.72)* (3.12)*** (3.67)*** (3.7)%** (-0.53) (3.55)%**
Bsms -1.771 -1.764 -0.007 -1.862 -1.674 -1.670 -0.004 -1.725

(-4.01)***  (-4.01)*** (-1.55) (-4.06)*** (-4.14)%** (-4.14)*** (-0.89) (-4.19)***
[ 0.987 0.981 0.006 1.000 0.888 0.884 0.004 0.896

(2.75)%**  (2.75)%** (2.33)%*  (2.72)%** (2.73)%** (2.73)%** (1.69)* (2.74)%**
Bos -0.021 -0.022 0.001 -0.017 -0.011 -0.012 0.001 -0.010

(-0.94) (-0.99) (2.52)** (-0.75) (-0.58) (-0.63) (1.96)* (-0.49)
Buiom -2.278 -2.258 -0.020 -2.380 -2.267 -2.255 -0.012 -2.298

(-2.71)%**  (-2.71)*** (-1.87)* (-2.75)*** (-2.74)%** (-2.73)*** (-1.17) (-2.71)***
Size -0.310 -0.304 -0.006 -0.331 -0.260 -0.259 -0.002 -0.268

(-2.84)***  (-2.8)*** (-3.01)***  (-3.14)*** (-2.63)*** (-2.62)*** (-1.66)* (-2.76)***
R (-6) 0.848 0.847 0.001 0.838 0.753 0.752 0.001 0.736

(2.36)%*  (2.37)** (0.41) (2.24)** (2.18)** (2.19)** (0.35) (2.09)**
B/M 0.082 0.080 0.001 0.095 0.078 0.078 0.001 0.086

(0.82) (0.82) (0.99) (0.89) (0.85) (0.85) (0.55) (0.88)
Spread 0.112 0.105 0.007 0.116

(1.44) (1.33) (1.72)* (1.78)*
Turnover -0.027 -0.026 -0.001 -0.030
(-1.98)** (-1.93)* (-2.11)**  (-1.99)**
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Table 7: Fama-MacBeth Cross-Section Results NYSE/AMEX 1960-2000

Reported estimates are the time series average of coefficients from cross-sectional Fama-MacBeth regressions 1960-2000. Panel A reports
results of monthly returns regressed on the estimated market beta (B,,) and one of the two illiquidity measures ILLIQMA, or ILLIQMA_A.
ILLIQMA has been computed as described in Amihud (2002) and omits any zero volume days. ILLIQMA_A is ILLIQMA scaled by (2T-t)/2T,
where T is the number of possible trading days and t is the number of zero volume days within T. The column headed DIF reports the time
series average of the difference between the cross section coefficients obtained from the regressions using each of the two illiquidity
measures. Panel B contains estimates where the cross-section model specification also includes Bps the market-wide illiquidity risk factor,
and the estimated betas on the Fama-French SMB (Bsys), HML (Bymi) and Mom (Buom) factors. Panel C are the results from the specification
that augments the regressions with market value (Size), book-to-market value (B/M), and the prior six month return, R(-6). Panel D extends
the model further by including two alternative measures of liquidity, the Roll (1984) effective spread (Spread) and turnover (Turnover). The
* implies significance at a 10% level, ** at a 5% level and *** at a 1% level using Shanken (1992) adjusted t-statistics. N is the number of firm
months in the sample. Two-Stage are the results of the two stage regression in which ILLIQMA_A is regressed against ILLIQMA. Second stage
results are reported in which these residuals, risk factors and characteristics are regressed against one year ahead returns. In this second
stage regression the illiquidity variable are the residuals from the first stage regression.

Panel A Panel B
ILLIQMA ILLIQMA_A DIF Two-Stage  ILLIQMA ILLIQMA_A DIF Two-Stage
lliquidity 0.179 0.201 -0.022 0.533 0.144 0.168 -0.024 0.262
(3.59)*** (3.60)*** (-3.42)*** (2.54)** (4.28)%**  (4.36)*** (-4.22)%**  (2.28)**
Bim 0.111 0.119 -0.008 -0.083 0.461 0.546 -0.085 -0.197
(0.33) (0.35) (-1.35) (-0.25) (1.31) (1.54) (-4.20)***  (-0.55)
Bsvis -0.095 -0.145 0.049 0.251
(-0.40) (-0.61) (4.28)*** (1.02)
Bumt 0.703 0.702 0.001 0.526
(2.92)***  (2.91)*** (0.24) (2.26)**
Bos 0.000 0.000 0.000 0.007
(-0.01) (-0.02) (0.94) (0.71)
Size 0.286 0.411 -0.125 -0.448
(0.50) (0.72) (-4.22)***  (-0.76)
Panel C Panel D
ILLIQMA ILLIQMA_A DIF Two-Stage  |LLIQMA ILLIQMA_A DIF Two-Stage
lliquidity 0.123 0.133 -0.011 0.151 0.087 0.096 -0.008 0.036
(3.24)%** (3.28)*** (-2.5)** (1.73)* (2.57)%**  (2.62)*** (-1.99)** (1.72)*
Bim 1.000 1.032 -0.031 0.645 0.938 0.960 -0.022 0.702
(2.51)** (2.57)*** (-2.75)*** (1.54) (2.36)%*  (2.41)** (-2.02)** (1.7)*
Bsws -0.819 -0.829 0.010 -0.773 -0.650 -0.659 0.009 -0.607
(-2.98)*** (-3.01)*** (2.36)** (-2.69)***  (-2.49)**  (-2.52)** (1.93)* (-2.24)**
Bt 0.513 0.508 0.005 0.446 0.351 0.347 0.004 0.304
(2.01)** (2.)%* (1.71)* (1.68)* (1.47) (1.46) (1.21) (1.23)
Bos -0.014 -0.013 0.000 -0.012 -0.012 -0.012 0.000 -0.011
(-1.25) (-1.24) (-1.23) (-1.03) (-1.14) (-1.13) (-1.07) (-1.)
Buom 0.484 0.547 -0.063 -0.117 0.372 0.417 -0.045 -0.040
(0.85) (0.96) (-3.01)*** (-0.19) (0.65) (0.73) (-2.28)** (-0.07)
Size -0.192 -0.188 -0.003 -0.244 -0.181 -0.179 -0.001 -0.211
(-2.8)*** (-2.77)** (-2.34)** (-3.31)***  (L2.76)*¥**  (-2.74)*** (-1.06) (-3.12)%**
R(-6) 1.107 1.108 -0.001 1.134 1.168 1.168 0.000 1.183
(3.36)*** (3.38)*** (-0.4) (3.23)%%*  (3.73)%**  (3.74)*** (-0.13) (3.61)***
B/M 0.071 0.071 0.000 0.083 0.049 0.049 0.000 0.055
(1.05) (1.05) (0.46) (1.15) (0.76) (0.76) (0.5) (0.82)
Spread 0.016 0.011 0.004 0.042
(0.33) (0.24) (3.01)***  (0.82)
Turnover -0.059 -0.058 -0.002 -0.073
(-2.47)**  (-2.41)** (-2.04)** (-2.77)***
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Table 8: Fama-MacBeth Cross-Section Results NYSE/AMEX 2001-2008

Reported estimates are the time series average of coefficients from cross-sectional Fama-MacBeth regressions using monthly return data
for NYSE/AMEX stocks over the period 2001-2008. Panel A reports results of monthly returns regressed on the estimated market beta
(Brm) and one of the two illiquidity measures ILLIQMA, or ILLIQMA_A. ILLIQMA has been computed as described in Amihud (2002) and
omits any zero volume days. ILLIQMA_A is ILLIQMA scaled by (2T-t)/2T, where T is the number of possible trading days and t is the
number of zero volume days within T. The column headed DIF reports the time series average of the difference between the cross section
coefficients obtained from the regressions using each of the two illiquidity measures. Panel B contains estimates where the cross-section
model specification also includes Bps the market-wide illiquidity risk factor, and the estimated betas on the Fama-French SMB (Bswvz),
HML (Bym) and Mom (Bmom) factors. Panel C are the results from the specification that augments the regressions with market value (Size),
book-to-market value (B/M), and the prior six month return, R(-6). Panel D extends the model further by including two alternative
measures of liquidity, the Roll (1984) effective spread (Spread) and turnover (Turnover). The * implies significance at a 10% level, ** at a
5% level and *** at a 1% level using Shanken (1992) adjusted t-statistics. Two-Stage are the results of the two stage regression in which
ILLIQMA_A is regressed against ILLIQMA. Second stage results are reported in which these residuals, risk factors and characteristics are
regressed against one year ahead returns. In this second stage regression the illiquidity variable are the residuals from the first stage
regression.

Panel A Panel B
ILLIQMA ILLIQMA_A DIF Two-Stage ILLIQMA ILLIQMA_A DIF Two-Stage
liquidity 0.102 0.118 -0.015 0.566 0.071 0.085 -0.015 0.433
(2.23)** (2.18)** (-1.75)* (1.97)** (2.15)** (2.19)** (-1.88)* (1.98)**
Born 0.412 0.425 -0.012 0.244 -0.167 -0.072 -0.095 -0.581
(0.48) (0.49) (-1.47) (0.3) (-0.24) (-0.10) (-1.82)* (-0.86)
Bows 0.397 0.355 0.042 0.604
(0.84) (0.77) (1.76)* (1.3)
BumiL 0.346 0.335 0.011 0.165
(0.47) (0.46) (1.44) (0.23)
Bos 0.026 0.026 0.000 0.036
(0.70) (0.70) (-0.31) (1.02)
Size -1.631 -1.423 -0.207 -2.048
(-1.09) (-0.97) (-1.93)* (-1.42)
N 125549 125549
Panel C Panel D
ILLIQMA ILLIQMA_A DIF Two-Stage ILLIQMA ILLIQMA_A DIF Two-Stage
lliquidity 0.075 0.081 -0.006 1.261 0.067 0.073 -0.007 1.134
(2.05)** (2.13)** (-1.88)* (2.48)** (1.9)* (2.)** (-2.00)** (2.27)**
Bim 0.129 0.161 -0.031 -0.080 0.185 0.215 -0.030 0.013
(0.14) (0.17) (-2.16)** (-0.09) (0.22) (0.25) (-2.19)** (0.02)
Bsvis 0.111 0.116 -0.005 0.063 0.039 0.045 -0.006 -0.005
(0.21) (0.22) (-2.04)** (0.11) (0.08) (0.09) (-2.28)** (-0.01)
Bumt 0.466 0.455 0.012 0.341 0.564 0.554 0.010 0.441
(0.75) (0.73) (1.79)* (0.54) (0.94) (0.92) (1.78)* (0.73)
Bos 0.012 0.013 0.000 0.019 0.018 0.018 0.000 0.024
(0.34) (0.35) (-1.) (0.52) (0.5) (0.51) (-0.48) (0.69)
Buviom -1.604 -1.495 -0.109 -1.972 -1.404 -1.300 -0.104 -1.698
(-1.04) (-0.98) (-2.18)** (-1.23) (-0.93) (-0.87) (-2.24)** (-1.1)
Size -0.073 -0.068 -0.005 -0.123 -0.043 -0.038 -0.004 -0.084
(-0.48) (-0.45) (-2.18)** (-0.76) (-0.29) (-0.26) (-2.28)** (-0.55)
R(-6) 1.598 1.595 0.003 1.632 1.584 1.582 0.002 1.609
(1.99)** (1.98)** (0.77) (2.)** (2.01)** (2.01)** (0.66) (2.)**
B/M -0.099 -0.098 0.000 -0.096 -0.080 -0.080 0.000 -0.077
(-0.81) (-0.81) (-1.08) (-0.78) (-0.71) (-0.71) (-1.) (-0.67)
Spread 0.216 0.212 0.004 0.232
(1.78)* (1.75)* (2.22)** (1.89)*
Turnover -0.007 -0.007 0.000 -0.010
(-0.55) (-0.52) (-2.21)** (-0.71)
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Table 9: Fama-MacBeth Cross Section Results NASDAQ 1983-2000

Reported estimates are the time series average of coefficients from cross-sectional Fama-MacBeth regressions using monthly
return data for NASDAQ stocks over the period 1983-2000. Panel A reports results of monthly returns regressed on the
estimated market beta (B,) and one of the two illiquidity measures ILLIQMA, or ILLIQMA_A. ILLIQMA has been computed as
described in Amihud (2002) and omits any zero volume days. ILLIQMA_A is ILLIQMA scaled by (2T-t)/2T, where T is the number
of possible trading days and t is the number of zero volume days within T. The column headed DIF reports the time series
average of the difference between the cross section coefficients obtained from the regressions using each of the two illiquidity
measures. Panel B contains estimates where the cross-section model specification also includes Bps the market-wide illiquidity
risk factor, and the estimated betas on the Fama-French SMB (Bsws), HML (Bymd) and Mom (Byom) factors. Panel C are the
results from the specification that augments the regressions with market value (Size), book-to-market value (B/M), and the
prior six month return R(-6). Panel D extends the model further by including two alternative measures of liquidity, the Roll
(1984) effective spread (Spread) and turnover (Turnover). The * implies significance at a 10% level, ** at a 5% level and *** at
a 1% level using Shanken (1992) adjusted t-statistics. Two-Stage are the results of the two stage regression in which
ILLIQMA_A is regressed against ILLIQMA. Second stage results are reported in which these residuals, risk factors and
characteristics are regressed against one year ahead returns. In this second stage regression the illiquidity variable are the
residuals from the first stage regression.

Panel A Panel B
ILLIQMA ILLIQMA_A  DIF Two-Stage  |LLIQMA  ILLIQMA_A DIF Two-Stage
lliquidity 0.147 0.173 -0.026 0.614 0.133 0.156 -0.023 0.547
(3.42)** (3.72)%** (-3.08)**  (2.25)** (2.63)¥**%  (2.80)***  (-2.41)** (2.28)**
Bem 0.272 0.327 -0.055 0.072 0.516 0.561 -0.045 0.353
(0.52) (0.63) (-3.58)***  (0.13) (1.24) (1.36) (-2.67)***  (0.83)
Bsms 0.34 -0.017 0.051 0.079
(0.05) (-0.03) (3.00)*** (0.13)
Brm 0.540 0.547 -0.007 0.482
(1.04) (1.05) (-1.95)* (0.96)
Bps 0.035 0.031 0.003 0.053
(1.36) (1.21) (2.64)¥**  (2.42)**
Size -1.419 -1.424 0.005 -1.519
(-1.21) (-1.21) (0.39) (-1.29)
Panel C Panel D
ILLIQMA ILLIQMA_A  DIF Two-Stage  |LLIQMA  ILLIQMA_A DIF Two-Stage
lliquidity 0.080 0.093 -0.013 0.606 0.033 0.041 -0.008 0.410
(1.38) (1.56) (-2.05)**  (2.77)*** (1.05) (1.49) (-1.43) (1.93)*
Bem 1.417 1.429 -0.011 1.401 1.524 1.525 -0.002 1.540
(3.1)*** (3.16)*** (-1.47) (2.85)*** (3.49)%**  (3.52)***  (.0.29) (3.37)***
Bsms -2.106 -2.100 -0.006 -2.195 -1.997 -1.995 -0.002 -2.034
(-3.57)***  (-3.59)*** (-0.96) (-3.56)***  (3.76)¥**  (-3.77)***  (-0.35) (-3.77)%**
BumL 1.061 1.055 0.006 1.069 0.918 0.915 0.003 0.922
(2.16)** (2.17)** (1.78)* (2.11)** (2.12)%*  (2.13)** (1.26) (2.13)**
Bos -0.038 -0.039 0.001 -0.035 -0.026 -0.027 0.001 -0.026
(-1.27) (-1.32) (1.76)* (-1.16) (-1.01) (-1.05) (1.35) (-0.97)
Bwom -2.172 -2.155 -0.017 -2.247 -2.145 -2.137 -0.008 -2.141
(-2.)** (-2.)** (-1.22) (-1.98)** (-2.)** (-2.02)** (-0.58) (-1.95)*
Size -0.356 -0.349 -0.007 -0.377 -0.296 -0.295 -0.001 -0.302
(-2.42)** (-2.38)** (-2.5)%* (-2.64)***  (L2.23)%%  (-2.22)** (-1.13) (-2.32)**
R(-6) 0.678 0.677 0.000 0.656 0.565 0.565 0.000 0.534
(1.55) (1.57) (0.12) (1.43) (1.38) (1.39) (0) (1.27)
B/M 0.076 0.074 0.001 0.090 0.067 0.066 0.001 0.074
(0.55) (0.55) (0.81) (0.6) (0.54) (0.54) (0.4) (0.56)
Spread 0.110 0.102 0.008 0.111
(1.08) (0.98) (1.44) (1.31)
Turnover -0.038 -0.036 -0.001 -0.041
(-1.93)* (-1.89)* (-1.96)* (-1.93)*
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Table 10: Fama-MacBeth Cross-Section Results NASDAQ 2001-2008

Reported estimates are the time series average of coefficients from cross-sectional Fama-MacBeth regressions using monthly
return data for NASDAQ stocks over the period 2001-2008. Panel A reports results of monthly returns regressed on the estimated
market beta (B,) and one of the two illiquidity measures ILLIQMA, or ILLIQMA_A. ILLIQMA has been computed as described in
Amihud (2002) and omits any zero volume days. ILLIQMA_A is ILLIQMA scaled by (2T-t)/2T, where T is the number of possible
trading days and 1 is the number of zero volume days within T. The column headed DIF reports the time series average of the
difference between the cross section coefficients obtained from the regressions using each of the two illiquidity measures. Panel
B contains estimates where the cross-section model specification also includes Bps the market-wide illiquidity risk factor, and the
estimated betas on the Fama-French SMB (Bsyg), HML (Bym) and Mom (Byom) factors. Panel C are the results from the
specification that augments the regressions with market value (Size), book-to-market value (B/M), and the six month return, R(-6).
Panel D extends the model further by including two alternative measures of liquidity, the Roll (1984) effective spread (Spread) and
turnover (Turnover). The * implies significance at a 10% level, ** at a 5% level and *** at a 1% level using Shanken (1992)
adjusted t-statistics. Two-Stage are the results of the two stage regression in which ILLIQMA_A is regressed against ILLIQMA.
Second stage results are reported in which these residuals, risk factors and characteristics are regressed against one year ahead
returns. In this second stage regression the illiquidity variable are the residuals from the first stage regression.

Panel A Panel B
ILLIQMA ILLIQMA_A  DIF Two-Stage  ILLIQMA ILLIQMA_A  DIF Two-Stage
Iliquidity 0.123 0.145 -0.022 0.761 0.076 0.092 -0.016 0.532
(2.64)*¥**  (2.60)*** (-2.10)** (2.5)** (2.07)** (2.26)** (-2.20)** (2.47)**
Bm 0.599 0.637 -0.038 0.413 0.580 0.601 -0.021 0.513
(0.62) (0.65) (-2.18)**  (0.44) (0.77) (0.80) (-2.27)**  (0.68)
Bsm 0.317 0.288 0.029 0.329
(0.35) (0.32) (2.11)** (0.38)
Brmt 0.512 0.510 0.002 0.503
(0.72) (0.71) (0.57) (0.73)
Bos 0.069 0.065 0.004 0.088
(2.09)** (2.03)** (2.26)** (2.71)***
Size -2.326 -2.284 -0.043 -2.456
(-1.49) (-1.46) (-1.56) (-1.6)
Panel C Panel D
ILLIQMA ILLIQMA_A DIF Two-Stage ILLIQMA ILLIQMA_A DIF Two-Stage
Illiquidity 0.049 0.057 -0.008 0.622 0.035 0.041 -0.006 0.581
(1.81)* (2.13)** (-1.85)* (2.45)%* (0.97) (1.35) (-1.31) (2.36)**
Bim 0.932 0.935 -0.003 0.927 0.845 0.849 -0.004 0.849
(1.17) (1.17) (-1.72)* (1.14) (1.15) (1.15) (-1.68)* (1.12)
Bsvis -0.879 -0.870 -0.010 -0.975 -0.813 -0.804 -0.008 -0.900
(-1.58) (-1.56) (-1.92)* (-1.73)* (-1.53) (-1.52) (-1.75)* (-1.67)*
Bum 0.791 0.784 0.006 0.818 0.808 0.802 0.005 0.826
(1.52) (1.51) (1.38) (1.56) (1.58) (1.57) (1.04) (1.59)
Bos 0.025 0.024 0.001 0.033 0.028 0.027 0.001 0.033
(0.92) (0.87) (2.16)**  (1.12) (1.02) (0.99) (1.72)* (1.11)
Bniom -2.560 -2.533 -0.028 -2.735 -2.594 -2.571 -0.023 -2.719
(-1.94)* (-1.92)* (-1.7)* (-2.03)** (-2.02)** (-2.)** (-1.44) (-2.06)**
Size -0.190 -0.187 -0.003 -0.208 -0.165 -0.163 -0.002 -0.176
(-1.3) (-1.28) (-1.82)* (-1.49) (-1.25) (-1.23) (-1.37) (-1.39)
R(-6) 1.302 1.299 0.003 1.322 1.254 1.251 0.003 1.275
(1.94)* (1.94)* (1.59) (1.95)* (1.9)* (1.9)* (1.38) (1.91)*
B/M 0.097 0.097 0.001 0.106 0.108 0.107 0.001 0.117
(0.85) (0.85) (1.86)* (0.9) (0.97) (0.97) (1.51) (1.01)
Spread 0.117 0.114 0.003 0.130
(01.) (0.96) (1.16) (1.28)
Turnover 0.000 0.000 0.000 0.000
(0.04) (0.05) (-1.27) (-0.02)
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Table 11: Fama-MacBeth Cross-Section Results using VILLIQMA, NYSE/AMEX 1960-2008

Reported estimates are the time series averages of coefficients from cross-sectional Fama-MacBeth regressions using monthly
return data for NYSE/AMEX stocks over the period 1960-2008. Panel A reports results of monthly returns regressed on the
estimated market beta (B,,) and one of the two illiquidity measures VILLIQMA, or VILLIQMA_A. VILLIQMA has been computed as
described by Hasbrouck (2009). VILLIQMA_A is VILLIQMA scaled by (VT+V(T-1))/2VT, where T is the number of possible trading
days and tis the number of zero volume days within T. The column headed DIF reports the time series average of the difference
between the cross section coefficients obtained from the regressions using each of the two illiquidity measures. Panel B
contains estimates where the cross-section model specification also includes Bps the market-wide illiquidity risk factor, and the
estimated betas on the Fama-French SMB (Bsvg), HML (Bum) and Mom (Bwom) factors. Panel C are the results from the
specification that augments the regressions with market value (Size), book-to-market value (B/M), and the six month return, R(-
6). Panel D extends the model further by including two alternative measures of liquidity, the Roll (1984) effective spread
(Spread) and turnover (Turnover). The * implies significance at a 10% level, ** at a 5% level and *** at a 1% level using Shanken

(1992) adjusted t-statistics. N is the number of firm months in the sample.

Panel A Panel B
VILLIQMA VILLIQMA_A DIF VILLIQMA VILLIQMA_A DIF
Illiquidity 0.357 0.377 -0.021 0.367 0.400 -0.033
(3.85)*** (3.85)*** (-3.52)*** (5.22)*** (5.33)*** (-3.20)***
Brm 0.225 0.223 0.002 0.725 0.772 -0.047
(0.7) (0.7) (0.59) (2.24) (2.38) (-3.22)
Bsms - - - -0.309 -0.348 0.038
- - - (-1.32) (-1.49) (4.37)
BumL - - - 0.708 0.697 0.011
- - - (3.01)*** (2.96)*** (2.63)***
Bos - - - -0.001 -0.001 0.000
- - - (-0.09) (-0.08) (-0.96)***
Size - - - 0.193 0.250 -0.057
- - - (0.36) (0.46) (-2.82)***
Panel C Panel D
VILLIQMA VILLIQMA_A DIF VILLIQMA VILLIQMA_A DIF
Illiquidity 0.287 0.298 -0.011 0.189 0.195 -0.006
(3.67)*** (3.7)*** (-2.32)** 2.56)*** (2.54)** (-1.79)*
Brm 1.038 1.048 -0.010 0.927 0.933 -0.006
(2.94)*** (2.97)*** (-1.15) (2.67)*** (2.69)*** (-0.72)
Bsms -0.776 -0.785 0.008 -0.624 -0.631 0.007
(-3.1)*** (-3.13)*** (2.92)*** (-2.65) (-2.68)** (1.73)*
Bum 0.531 0.524 0.007 0.412 0.408 0.004
(2.3)** (2.27)** (2.38)** (1.9)* (1.89)* (1.21)
Bos -0.012 -0.012 0.000 -0.010 -0.010 0.000
(-1.15) (-1.14) (-1.69)* (-0.95) (-0.94) (-1.15)
Bmom 0.273 0.289 -0.016 0.183 0.196 -0.013
(0.51) (0.54) (-1.06) (0.35) (0.37) (-0.85)
Size -0.147 -0.146 -0.001 -0.146 -0.146 0.000
(-2.24)** (-2.22)** (-1.2) (-2.32)** (-2.31)** (-0.05)
R(-6) 1.170 1.173 -0.002 1.219 1.220 -0.002
(3.93)*** (3.94)*** (-1.02) (4.25)*** (4.26)*** (-0.74)
B/M 0.045 0.045 0.000 0.028 0.028 0.000
(0.74) (0.74) (0.18) (0.5) (0.49) (1.05)
Spread 0.045 0.043 0.002
1.01 .97 .95
(1.01) (0.97) (2.95)**
Turnover -0.047 -0.046 -0.001
(-2.22)** (-2.17)** (-0.9)
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Table 12: Fama-MacBeth Cross-Section Results using VILLIQMA, NASDAQ, 1983-2008

Reported estimates are the time series averages of coefficients from cross-sectional Fama-MacBeth regressions using monthly return
data for NASDAQ securities over the period 1983-2008. Panel A reports results of monthly returns regressed on the estimated market
beta (B,n) and one of the two illiquidity measures VILLIQMA, or VILLIQMA_A. VILLIQMA has been computed as described by
Hasbrouck (2009). VILLIQMA_A is VILLIQMA scaled by (VT+V(T-t))/2VT, where T is the number of possible trading days and t is the
number of zero volume days within T. The column headed DIF reports the time series average of the difference between the cross
section coefficients obtained from the regressions using each of the two illiquidity measures. Panel B contains estimates where the
cross-section model specification also includes B, the market-wide illiquidity risk factor, and the estimated betas on the Fama-French
SMB (Bsmg), HML (Bumu) and Mom (Buom) factors. Panel C are the results from the specification that augments the regressions with
market value (Size), book-to-market value (B/M), and the six month return R(-6). Panel D extends the model further by including two
alternative measures of liquidity, the Roll (1984) effective spread (Spread) and turnover (Turnover). The * implies significance at a
10% level, ** at a 5% level and *** at a 1% level using Shanken (1992) adjusted t-statistics. N is the number of firm months in the
sample.

Panel A Panel B

VILLIQMA VILLIQMA_A DIF VILLIQMA VILLIQMA_A DIF
Iliquidity 0.341 0.369 -0.028 0.316 0.349 -0.032

(4.63)*** (4.68)*** (-3.47)%** (3.03)*** (3.22)*** (-3.05)***
Brm 0.604 0.635 -0.030 0.786 0.824 -0.038

(1.34) (1.40) (-3.21)*** (2.17)** (2.26)** (-3.01)***
Bsms - - - -0.156 -0.216 0.060

- - - (-0.27) (-0.37) (3.53) ***
Bum - - - 0.613 0.619 -0.006

- - - (1.37) (1.38) (-1.99)**
Bos - - - 0.030 0.028 0.002

- - - (1.26) (1.17) (2.49)**
Size - - - -1.789 -1.814 0.025

- - - (-1.82)* (-1.84)* (2.87)***

Panel C Panel D

VILLIQMA VILLIQMA_A DIF VILLIQMA VILLIQMA_A DIF
Illiquidity 0.169 0.183 -0.014 0.067 0.078 -0.010

(1.81)* (1.92)* (-2.81)*** (0.7) (0.78) (-1.88)*
Brm 1.345 1.356 -0.011 1.337 1.342 -0.005

(3.77)*** (3.82)*** (-2.21)** (3.9)*** (3.93)*** (-1.02)
Bsme -1.781 -1.785 0.004 -1.677 -1.679 0.001

(-4.2)*** (-4.12)*** (0.7) (-4.17)*** (-4.18)*** (0.24)
Bum 0.989 0.986 0.003 0.890 0.889 0.001

(2.78)*** (2.78)*** (1.66)* (2.69)*** (2.69)*** (0.85)
Bos -0.021 -0.022 0.000 -0.011 -0.012 0.000

(-0.99) (-1.01) (1.14) (-0.59) (-0.62) (1.65)
Bmom -2.285 -2.283 -0.003 -2.277 -2.272 -0.005

(-2.78)*** (-2.79)*** (-0.43) (-2.76)*** (-2.77)*** (-0.84)
Size -0.290 -0.285 -0.005 -0.255 -0.253 -0.002

(-2.5)** (-2.46)** (-2.8)*** (-2.42)** (-2.41)** (-1.73)*
R(-6) 0.844 0.841 0.003 0.756 0.753 0.002

(2.43)** (2.44)** (1.74)* (2.23)** (2.23)** (1.54)
B/M 0.076 0.076 0.000 0.077 0.077 0.000

(0.82) (0.82) (0.61) (0.88) (0.88) (0.29)
Spread 0.109 0.104 0.004

(1.26) (1.2) (1.57)
Turnover -0.023 -0.022 -0.001
(-1.79)* (-1.74)* (-2.02)**
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Figure 1: The ratio of the observed illiquidity ratio (ILL)Cfor a stock (in the presence of thin trading}he
unobserved illiquidity ratio (when there is no thiading) is plotted against the probability of Aoading. The
unobserved illiquidity ratio is the Amihud (2002)easure applied to 100,000 simulated stock retunith
annualized expected return and standard deviatio® @ercent and 20 percent, respectively, and 1@0,0
corresponding volume data. The observed illiquidayio for a given non-trading probability is olmtad from
“observed” returns and volume data that stochdktigaclude non-trading days, in proportion to then-trading
probability, into the simulated data. The observatib on a non-trading day is excluded in the ahmwarage
calculation.
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Observed illiquidity ratio as a proportion of true illiquidity ratio
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Figure 2: The ratio of the observed illiquidity ratio (ILLQfor a stock (in the presence of thin trading) te th
unobserved illiquidity ratio (when there is no thiading) is plotted against the probability of Aoading. The
unobserved illiquidity ratio is the Amihud (2002)easure applied to 100,000 simulated stock retuwits,
annualized expected return and standard deviatio® percent and 20 percent, respectively, and 100,0
corresponding volume data. The observed illiquidéiio for a given non-trading probability is olstad from
“observed” returns and volume data that stochdktiéaclude non-trading days, in proportion to then-
trading probability, into the simulated data. THeserved ratio on a non-trading day is set to zang is
included in the annual average calculation.
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Coserved illiquidity ratio as aproportion of trueillquidity ratio
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Figure 3: The ratio of the observed adjusted illiquidityioafILLIQ_A) for a stock (in the presence of thin
trading) to the unobserved illiquidity ratio (whémere is no thin trading) is plotted against thebaility of
non-trading. The unobserved illiquidity ratio istAmihud (2002) measure applied to 100,000 simdlateck
returns, with annualized expected return and standaviation of 8 percent and 20 percent, respelgtivand
100,000 corresponding volume data. The obsenvediiity ratio for a given non-trading probability obtained
from “observed” returns and volume data that stetbally include non-trading days, in proportiontbe non-
trading probability, into the simulated data. Thieserved adjusted ratio (ILLIQ_A) is computed #8T-
7)2T}ILLIQ, where T is the number of potential trading days afisithe number of non-trading days witfin
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Figure4
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Figure 4: The probability of trading when the value of thesalote unobserved return exceeds the given nuntber o
standard deviations away from the mean unobseretedn. The greater the standard deviation threshioédless likely
are absolute returns to exceed it, and the lowerinducement to trade. Unobserved returns are t&kem 100,000
simulated stock returns, with annualized expectetirn and standard deviation of 8 percent and 2@epég
respectively.
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Figure5
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Figure 5: The ratio of the observed adjusted illiquidityioa¢lLLIQ A) for a stock (in the presence of thirading) to the unobserved
illiquidity ratio (when there is no thin tradingha the ratio of the observed unadjusted illiquidité§io (ILLIQ) (in the presence of thin
trading) to the unobserved illiquidity ratio (wh#rere is no thin trading) are plotted against ttebability of non-trading. The probability of
non-trading depends upon the absolute value ofitiodserved return as shown in Figure 4. The unebdaliquidity ratio is the Amihud
(2002) measure applied to 100,000 simulated stetkrms, with annualized expected return and standawiation of 8 percent and 20
percent, respectively, and 100,000 correspondihgne data. The observed illiquidity ratio for a gfivnon-trading probability is obtained
from “observed” returns and volume data that inelutbn-trading days that are determined by the nadmiof absolute returns. The
observed adjusted ratio (ILLIQ_A) is computed(@)/2T}*ILLIQ, where T is the number of potential trading days arnsl the number of
non-trading days withif.
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Figure6
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Figure 6: The distribution of changes in absolute returnsoteefand after periods of non-trading (excluding -traling periods
starting on a Monday). Each sample point in the plots is the proportionalecreasen the annual average (across firms) absolute
return averaged across the 10 (or 4) day windowr poi a period of non-trading compared to the semaasure across a similar length
window following a period of non-trading.The ploteeasure decreases (increases) as positive (négadives. The boxes show the
median decreases, and the inter-quartile rangeR)(I@hile the “whiskers” show the furthest pointg¢hin 1.5 IQR of the outer
quartiles. The single outlying observation is iradéd by the diamond-shaped marker.

17



Figure?
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Figure 7: The ratio of the observed adjusted illiquidityiogiLLIQ_A) for a stock (in the presence of thiading) to the unobserved illiquidity ratio (whdrete

is no thin trading) and the ratio of the observaddjusted illiquidity ratio (ILLIQ) (in the presee®f thin trading) to the unobserved illiquiditytica(when there
is no thin trading) are plotted against the proliglof non-trading. The probability of non-tradirtiepends upon the absolute value of the unobseetedh as
shown in Figure 4. The unobserved illiquidity raisothe Amihud (2002) measure applied to 100,06tukited stock returns, with annualized expectegrmet
and unconditional standard deviation of 8 percewt 20 percent, respectively, and 100,000 correspgngblume data. The conditional variance of theines
follows an ARCH(1) process with an autoregressiegameter =0.90. The observed illiquidity ratio fargiven non-trading probability is obtained from
“observed” returns and volume data that include-tnading days that are determined by the magnitiddsolute returns, and where following periodsaf-
trading, absolute returns drop by 15 percent aed tiave increasing volatility that reverts backhe 20 percent unconditional standard deviatioarafO
trading days. The observed adjusted ratio (ILLIQisAtomputed a§2T-)/2T)*ILLIQ, where T is the number of potential trading days and the number of
non-trading days withif.
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Figure 8: Estimated bias in the illiquidity premium of NYSEV/EX stocks, using ILLIQMA as the illiquidity ratiolhe risk premium is the product of
the corresponding coefficient estimate on ILLIQMATables 5, 7 and 8, and the average value of IMAQEstimates in columns labeled A, B, C
and D use the data from the corresponding Pané€lalites 5, 7 and 8. In those tables, Panel A repedults of monthly returns regressed on the
estimated market bet@ir(n) and ILLIQMA. Panel B contains estimates whére tross-section model specification also inclytjgeshe market-wide
illiquidity risk factor, and the estimated betastbe Fama-French SMB4yg), HML (Bum.) and Mom By.m) factors. Panel C are the results from the
specification that augments the regressions witrketavalue (Size), book-to-market value (B/M), aheé prior six month return, R(-6). Panel D
extends the model further by including two alteiveimeasures of liquidity, the Roll (1984) effeetigpread (Spread) and turnover (Turnavéhe

height of a lower bar is the estimate from usingl@MA, and the downward bias this has is the add#i height in the upper portion (shaded) of a
bar.
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Figure 9: Estimated bias in the illiquidity premium of NASDA&Qocks, using ILLIQMA as the illiquidity ratio. Ehrisk premium is the product of the
corresponding coefficient estimate on ILLIQMA inBbles 6, 9 and 10, and the average value of ILLIQMStimates in columns labeled A, B, C and
D use the data from the corresponding Panels ifeSa, 9 and 10. In those tables, Panel A repedslts of monthly returns regressed on the
estimated market bet@r(n) and ILLIQMA. Panel B contains estimates whére tross-section model specification also inclyijgshe market-wide
illiquidity risk factor, and the estimated betastbe Fama-French SMB4yg), HML (Byw) and Mom Byonm) factors. Panel C are the results from the
specification that augments the regressions withketavalue (Size), book-to-market value (B/M), ahé prior six month return, R(-6). Panel D
extends the model further by including two alteiveimeasures of liquidity, the Roll (1984) effeetispread (Spread) and turnover (Turnavéhe
height of a lower bar is the estimate from usingI@MA, and the downward bias this has is the adddi height in the upper portion (shaded) of a
bar.
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Highlights

* We examine the effect of non-trading on the illjty ratio

e Simulation analysis identifies an overstatementtdugon-trading

* We propose a simple correction for non-tradingaffe

e The corrected measure is more closely relatecattséictions measures of illiquidity
e Asset pricing tests capture the effects on estidhitltquidity and return premia
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