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1. Introduction

Amihud (2002)henceforth AO2examines the time-series effects of expected mdlikeidity

on ex ante (excess) stock returns. In contrasetbkmown microstructure measures, the paper
employs a measure of illiquidity using daily equitgta in order to construct a broad estimate
over long sample periods. The illiquidity varialbteat drives the research,LIQ, is defined

for each security as a ratio of the daily absadtioek return to its dollar traded volume on that
day, averaged over the year. That is, the raticutaties the daily absolute (percentage) price
change per dollar of volume. THisLIQ variable is averaged across the stocks in the lsamp
each period to obtain market illiquidity, the exiions of which are estimated from an
autoregressive model. Using this measure, A02 fandsnsistently positive and significant
cross-sectional relationship between stock retamd illiquidity. Extending the analysis to
time-series tests shows expected market illiquidithave a positive and significant effect on
ex ante stock returns, while unexpected markeiltlity has a negative and significant effect
on contemporaneous stock returns. These effectsiare pronounced for small stocks, as a
flight to liquidity (a substitution from less ligdito more liquid stocks in times of constrained
market trading) makes less traded securities paatiy sensitive to changes in illiquidity over
time. Overall, the published findings suggest thatected stock returns provide investors with
compensation for the lower liquidity of stocks tela to that of Treasuries, contributing an
explanation to the high equity premium puzzle.

In revisiting this analysis, we begin by considgrthe same sample period (1964-1996),
method and data selection criteria employed by ih@der to replicate the reported findings.
Then, we repeat the same tests using out-of-safh®8¥-2015) and full sample (1964-2015)
periods to examine whether the original results aoaclusions endure. Robustness
modifications, in the form of extra data filters tefine the sample and alternative test

specifications to extend the original methodolaayg added and examined. Subsequently, we



investigate alternative interpretations of the eetl illiquidity ratio and look for change
points in the time-series via a cross-validatioprapch to identify potential trends over the
full sample period.

Our findings are as follows. First, we are abledplicate the cross-sectional and time-
series results reported by A02. Ex ante equityrnstare an increasing function of expected
market illiquidity and unexpected market illiquigitesults in lower contemporaneous returns.
Moreover, tests on the size portfolios corrobothtehypotheses that the illiquidity effect is
stronger for less liquid stocks, as expected iitlqy decreases monotonically in size and
unexpected illiquidity increases monotonically imes Our results, while not identical to the
published values, are consistent in sign, magnitundestatistical significance.

Second, the analogous in-sample findings largelsipate out-of-sample. While the cross-
sectional illiquidity remains positive and signdiat for all model specifications, it markedly
decreases in magnitude. The time-series regretsims maintain the same sign but lose their
monotonic properties and much of their significantas is consistent with the considerable
reduction in the magnitude of the market illiguydmheasure over the last two decades, with
values persistently close to zero post 2003. Hetineeemployed illiquidity ratio no longer
induces a risk premium in today’s equity market #mel difference in the reaction between
small and large stocks to changes in illiquiditpaslonger distinct.

Theobservedmprovement irstock liquidity has been noted in the literaturkof&lia, Roll,
and Subrahmanyam (2011) point to technologicalvations that have resulted in widespread
reductions in trading costs and transformed adeest®ck trading, spurring demand for equity
transactions. Bessembinder (2003) and Chakrav&rtod, and Van Ness (2004) point to
regulatory changes in the form of exchange-widendalization of security prices in 2001 as
a further reason for the reduction in transactiost Ben-Rephael, Kadan, and Wohl (2015)

examine a number of liquidity proxies, including tA02 measure, to determine whether the



liquidity premium is still significant in a moreaent sample of stocks or whether it has turned
into a second-order effect with declining magnitu@lee authors conclude that the premium
was large and robust until the mid-1980s, sinc®imtg a small second-order effect. That is,
the economically significant results pertainingfte liquidity premium reported in prior studies
are driven by early period observations, a findiegconfirm in our replication.

Third, we consider plain specification robustnessts over the full sample period. We
refine the data to exclude assets other than constomks more directly, adjust for missing
stock prices to ensure that returns are daily p@®®ed to cumulative), alter the dividend yield
to avoid the beginning of period price appearingooth sides of the cross-sectional model,
substitute winsorizing for trimming at the same-cfitlevels, retain penny stocks, and adjust
the illiquidity metric for inflation. The aforemeanned results are robust to these refinements.

Fourth, in further tests and discussions, we camsalternative interpretations of the
illiquidity measure, examining wheth#rLIQ could instead be capturing the effect of stock
market volatility ¥ OL) on expected returns. We find a significant pesitielation between
VOL andILLIQ, driven by the strong relation that volatility hagth the numerator of the
illiquidity measure, namely the absolute value tafck returns. Despite this, however, we
ultimately conclude that it is not the numeratortiogé AO2 illiquidity ratio but rather its
denominator, dollar traded volume, that is drivthg results reported in the seminal study.
That is, employing the inverse of the dollar tragetime in the same mannerla&lQ leads
to analogous findings in terms of sign, magnitudd significance as those reported in A02.
As dollar volume is a natural measure of liquidityis result adds weight to the interpretation
by A02 of the existence of a priced illiquidity kigactor, although the premium has declined
substantially post-publication.

To formalize whether the end of the A02 sampleqaecould be deemed a significant

change point in the demand for an illiquidity premiby investors, we finally perform a k-fold



cross-validation study. The in-sample period (38rge1964-1996) is employed as a training
set in which the coefficients are estimated anddito a test set comprising the out-of-sample
data (19 years, 1997-2015), producing a mean afesedror between the fitted and actual value
for the independent variable (excess market refurfie generate a benchmark, 1,000
simulations create test sets with the same pragodi observations (19 years, or 36.5% of the
data) randomly sampled (with replacement) fromfthieperiod. The remaining observations
are allocated to training sets in the same fitpngcess, resulting in a mean absolute error for
each simulation. We find that only 16.9% of the maésolute errors from the simulations
exceed that from the post-publication sample, mhog further evidence of a change in

investor attitudes towards illiquidity risk in tipast two decades.

2. Data and Sample Selection

We begin our analysis of the data by constructimgpdicated sample using the time and
database specifications employed by A02 in an efforcorroborate the published results.
Initially, the effect of illiquidity on returns isestricted to securities traded on the New York
Stock Exchange (NYSE) over the sample period Jgnl@63 to December 1997, using the
Center for Research in Security Prices (CRSP) damly monthly stock files. Every stock
included in the cross-sectional regressions for ttnamof yeary must satisfy a four-stage
filtering process, nominated by A02. The four cdimtis consist of the stock being listed at the
end of yealy — 1 and having more than 200 days of return athgnhve data during that year,
the stock price being greater than $5 at the engleafy — 1, the stock having market
capitalization data at the end of ygar 1 and the stock surviving a 1% trim of the topd an
bottom tails of the distribution. In our study, $leecriteria result in a sample comprising
between 1,038 and 2,272 stocks over the initialptarperiod, compared to a sample size of

1,061 to 2,291 stocks reported in AO2.



For each sample stockthe illiquidity variablelLLIQiy is measured as a ratio of the daily
absolute stock return to its dollar traded volumetat day, averaged over the number of days
for which data are available in ygafThat is, the ratio calculates the daily abso{pezcentage)
price change per dollar of volume. Thus, holdingeothings constant, higher trading volume
would cause a lower illiquidity measure. Since shares of small firms are generally more
illiquid, we expectSIZEy, the market value of sample stackt the end of the yegr(sourced
from CRSP) to be negatively correlated withIQiy. AO2 calculates the correlation between
ILLIQiy and InSIZEy in each year across stocks, subsequently averdgngearly coefficients
over the 34 sample years to arrive at a correlagsalt of -0.614. Using an identical approach,
we find a correlation coefficient of -0.632. Thisrelation calculation is repeated by A02 for
ILLIQiy and SDRETy, the standard deviation of the daily returns arclsi in yeary. The
published study finds this correlation to be 0.2¥&@npared to our value of 0.224.

Panel A of Table 1 reproduces the summary statistiported in A0O2 (Table p, 38)for
ILLIQjy, SIZEy, DIVYLDy andSDRET,.> DIVYLDy is the dividend yield, calculated as the sum
of the dividends (from CRSP) for stockn yeary divided by the end-of-year price for that
stock. Despite using the same period (1963-199%&g dpecification and sample selection
criteria detailed in the published studyyr replicated statistics, displayed in Panel B, rawt
identical.Howeverthe summary statistics (Panel B) for all the comsad variables are similar
to the published findings (Panel A). Overall, thatahing values are comparable as well as
consistent in sign, magnitude and range.

Table 1 also reports matching summary statisticstife additional sample periods we
consider throughout this study. Panel C providedifigs for the out-of-sample period 1997-

2014. The estimated statistics are markedly diffete those from the earlier sub-sample,

! These stock characteristics are used as laggeesssgs in subsequent cross-sectional tests. dgirdte, the
1963-1996 characteristics are regressed on 1964-4@@k returns and, in out-of-sample tests, th@/12014
characteristics are regressed on 1998-2015 sttwise



particularly forILLIQiy andSIZEy. The out-of-sample stocks are more liquid by atepof
magnitude as well as considerably larger with respe market capitalization. In fact, the
maximum annual value of the size variable ($2,234ilion) over the 1963-1996 sample
period is less than the corresponding minimum valer the 1997-2014 period ($2,834.1
million). The substantial increase in liquidity iecent decades is consistent with the market
microstructure literature. Chordia, Roll, and Siionanyam (2011), for example, record an
increase in the value-weighted average monthlyestuenover (on the NYSE) from 5% at the
beginning of 1993 to 26% at the end of 2008. A tyiield increase in the average daily
number of transactions during the same periodsis r@ported, driven by reductions in trading
costs, technological innovations, the availabiitynline brokerage accounts and the capacity
of exchanges to accommodate large trading volumes.

The statistics pertaining @DIVYLDy andSDRET, remain largely stable post 1996. As is
to be expected, the descriptive statistics estich&te the full sample period (1963-2014),
reported in Panel D, reflect a merging of the miticriid and lower capitalization (1963-1996)
sample with the less illiquid and higher capitdii@a (1997-2014) sample. The correlation
coefficient betweefLLIQiy and InSIZEy, (SDRETy) is -0.490 (0.015) over the out-of-sample

period and -0.583 (0.152) over the full samplequéri



Table 1. Summary Statistics for Stock Variables

Description: This table reports the summary statistics for etk cross-sectional variables, estimated using
CRSP data. Panel A reports the statistics publish@dhihud (2002). Panel B reports the correspogdgitatistics

of our replication using the same period (1963-)986ta specification and sample selection critasigetailed

in the published study. Panel C reports the saffieenmation for the out-of-sample period (1997-2012anel D
also reports the same information but for thedaliple period (1963-2014). llliquiditi, LIQy, is calculated for
each stock as the ratio of its daily absolute stock returritdodollar traded volume on that day, averaged ove
yeary. SIZEy is the end-of-year market capitalization for stodklVYLDy is the dividend yield, calculated as the
total annual cash dividend for stoicik yeary divided by the end-of-year pricBEDRET; is the standard deviation
of the daily return on stodkin yeary. Included in each yegrare NYSE stocks with more than 200 days of data
and with an end-of-year price above $5. Stocks thighhighest and lowest 1% a1 1Qi, are removed. Variables
are calculated for each stock in each year andttieemean, standard deviation and skewness aneagsthcross

all stocksin each year. Reported below are the means ofrtheah means, standard deviations and skewness, the
medians of the annual means, and the maximum amighonin annual means.

Interpretation: The summary statistics of the replication (Panglvihile not identical to the matching values
published in Amihud (2002) and replicated in Pakdlelow, are consistent in sign, magnitude and eafifpe
statistics for the out-of-sample replication (Pa@gldiffer from in-sample values, particularly firl1Q;, and
SIZE,. This more recent sample contains stocks that naoee liquid with considerably larger market
capitalizations.

Panel A: The Published Summary Statistics (1963-189— Table 1 in Amihud (2002)

Mean of Mean of Median Mean of Min. Max.
Variable annual annual of annual annual annual annual

mean S.D mean skewnes meat meat
ILLIQ 0.337 0.512 0.308 3.095 0.056 0.967
SIZE ($million) 792.6 1,611.5 538.3 5.417 263.1 2,195.2
DIVYLD (%) 4.14 5.48 4.16 5.385 2.43 6.68
SDRET 2.08 0.75 2.07 1.026 1.58 2.83
Panel B: The Replicated Summary Statistics (1963-28)

Mean of Mean of Median Mean of Min. Max.
Variable annual annual of annual annual annual annual

mean S.D mean skewnes meat meat
ILLIQ 0.278 0.405 0.263 3.020 0.053 0.889
SIZE ($million) 888.0 1,752.5 570.91.1 5.249 276.5 2,234.9
DIVYLD (%) 4.03 5.52 3.86 5.119 2.55 6.84
SDRET 2.01 0.72 1.99 1.066 1.52 2.76
Panel C: The Out-of-Sample Summary Statistics (1992014)

Mean of Mean of Median Mean of Min. Max.
Variable annual annual of annual annual annual annual

mean S.D mean skewnes meat meat
ILLIQ 0.030 0.073 0.022 5.107 0.006 0.065
SIZE ($million) 4,378.4 10,143.1 4,198.3 5.323 2,834.1 6,930.1
DIVYLD (%) 3.34 4.68 3.22 7.063 2.63 5.89
SDRET 2.16 1.00 1.95 1.292 1.56 3.97
Panel D: The Full Sample Summary Statistics (1963624)

Mean of Mean of Median Mean of Min. Max.
Variable annual annual of annual annual annual annual

mean S.D mean skewnes meat meat
ILLIQ 0.192 0.290 0.100 3.742 0.006 0.889
SIZE ($million) 2,096.3 4,656.9 1,494.0 5.274 276.5 6,930.1
DIVYLD (%) 3.79 5.23 3.46 5.792 2.55 6.84
SDRET 2.06 0.82 1.99 1.144 1.52 3.97




3. Replicated and Out-of-Sample Results

We start by considering a cross-sectional modelithalentical to the one employed in
A02 (the results from which are displayed in AODIEa2, p.41). The test procedure begins by
regressing stock returns for each month in yeawer the period January 1964 to December
1997 (34 years, generating 408 monthly observati@msstock characteristics that are derived
using data frony — 12 The 408 monthly estimates of each regression icteit are averaged
and tested for statistical significance at the ddah cut-off levels. The variable of interest,
ILLIQiy, is mean-adjusted before being included in theszs®ctional tests dELIQMAjy =
ILLIQiy /AILLIQy. AO2 refers toAILLIQy as market illiquidity, calculated as the averafie o
ILLIQiy across all the stocks included in the sample ar yeThe other stock characteristics
included in the model ar8ETAy, the Scholes and Williams (1977) coefficient framannual
time-series regression of daily equally-weightedmes forthesize(decile)portfolio to which
stocki belongs at the end of yemon equally-weighted market portfolio returf&l0GQ,, the
return on stock over the last 100 days of yeaiR100YR, the return on stockfrom the start
of yeary to 100 days before its end; ai®lZEy, SDRET, andDIVYLDy, calculated using the
aforementioned definitions.

Table 2 reports the ordinary least squares (OLS)lt®of the cross-sectional tests. Overall,
our findings are consistent with AO2 in showingttttee employed measure of illiquidity is
associated with higher returns. The replicated lteg®anel B), estimated using the same
sample period, method and data selection critarealargely consistent in sign, magnitude and
statistical significance to the published figurBariel A). The variable of interedit] IQMAjy,
yields regression coefficients that have a mead. b5 (0.162 in the published results}); a
statistic of 5.74 (6.55) and a median of 0.1203B)10f the 408 coefficients, 61.3% (63.4%

in the published results) are positive with a nesme serial correlation of -0.01 (0.08). These

2 As detailed in A02 and in line with Shumway (199%® adjust stock returns for delisting using tHRSP Stock
Events — Delisting Information file to avoid surgighip bias.



effects are robust to the exclusion of all Januagervations, as well as the division of the
original sample period (1964-1997) iritwo subperiods of 204 months each, withIQMAJy
remaining positive and statistically significant al specifications. With respect to the
additional coefficientgast returngneasured biR10G, andR100Yk, are consistently positive
and significant. However, the other control vargabthat are reported as significant in A02,
while comparable in sign, exhibit only episodic ipds of significance in our replicated

sample.
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Table 2. Cross-sectional Regression Results

Description: This table reports the means of the coefficicmis are estimated from cross-sectional regressifbsteck returns for each month in ygam stock characteristics
that are derived using data from ygaf 1. Panel A reports the results published in Amdif2002), Panel B reports the results of our cagihn using the same sample period,
method and data selection criteria as detailetiérpublished study and Panel C reports the matdhidings for the out-of-sample period as well las tull sample period.
Panel A and Panel B employ 408 monthly observat{Bdsyears) for the in-sample period of 1964-199¢ Stock characteristics are calculated for thers/@963—1996).
Panel C employs 216 monthly observations (18 ydardhe out-of-sample period of 1998-2015 as wel624 monthly observations (52 years) for thedathple period of
1964-2015. Consistent with Amihud (2002), Panelndl anel B also present separate results for twalesybperiods of 204 months (17 years) as wabsts that exclude
all January coefficient8ETA, is the Scholes and Williams (1977) coefficientinfran annual time-series regression of daily equadlighted returns for the size (decile)
portfolio to which stock belongs at the end of yeyapn equally-weighted market portfolio returns. Tlliquidity measurelLLIQjy, calculated for each stoclas the ratio of
its daily absolute stock return to its dollar trdd@lume on that day (averaged over y@ais mean-adjusted such thaLIQMA;, = ILLIQjy /AILLIQy. AILLIQy is calculated
as the average tfLIQiy across all the stocks included in the sample aryeR100, is the return on stodkover the last 100 days of yeaiR100YR is the return on stodk
from the start of yeay to 100 days before its end. BIZE; is the natural logarithm of the end-of-year mardegpitalization for stock SDRET is the standard deviation of
the daily return on stodkin yeary. DIVYLDy is the dividend yield, calculated as the totalumirtash dividend for stodkn yeary divided by the end-of-year price. Included
in each yeay are NYSE stocks with more than 200 days of dathwith an end-of-year price above $5. Stocks wlith highest and lowest 1% BfLIQ; are removed.
t-statistics are reported in parentheses. ***, *tlarindicate 1%, 5% and 10% significance levelsama one-samplietest with a null hypothesis of zero mean, respebti

Interpretation: The cross-sectional regression coefficients ofépdication (Panel B), while not identical to thiatching values (Panel A) published in Amihud (20@2e
consistent in sign, magnitude and statistical §icgnice. With respect to the out-of-sample and salinple results (Panel C), the variable of intelesiQMA;y, remains
positive and significant for all model specificattobut markedly decreases in magnitude.

Panel A: The Published Results (1964-1997) — Talf2ein Amihud (2002)

Variable All months Excl. January 1964-1980 1981-1997 All months Excl. January 1964-1980 1981-1997
Constan -0.36¢ -0.23¢ -0.90¢ 0.173 1.922%%= 1.568** 2.072x%* 1.770%**
(0.76 (0.50 (1.39 (0.25 (4.06 (3.32 (2.63 (3.35,
BETA 1.18%* 0.81¢* 1.45¢* 0.917% 0.217 0.26( 0.297 0.137
(2.45 (1.75 (1.83 (1.66 (0.64 (0.79 (0.59 (0.30
ILLIQMA 0.162%** 0.12¢** 0.216+** 0.108*** 0.1722%** 0.10%*** 0.13&*** 0.08¢***
(6.55 (5.30 (4.87 (5.05 (5.39 (4.91 (3.69 (4.56
R10( 1.023** 1.5120%* 0.974* 1.082x** 0.88¢x** 1.330x* 0.81%* 0.962%**
(3.83 (6.17 (2.47 (2.96 (3.70 (6.19 (2.33 (2.92
R100VI 0.382%** 0.475** 0.485** 0.27¢ 0.35¢x** 0.43¢** 0.324** 0.39&x**
(2.98 (3.70 (2.55 (1.59 (3.40 (4.27 (2.04 (2.82
Ln SIZE -0.1324x*= -0.073* -0.217%** -0.051
(3.50 (2.00 (3.51 (1.14
SDRET -0.17¢ -0.27 24+ -0.13¢ -0.22*
(1.90 (2.89 (0.96 Q.77
DIVYLD -0.048=* -0.06** -0.075%** -0.0271+*
(3.36) (4.28) (2.81) (2.11)
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Panel B: The Replicated Results (1964-1997)

Variable All months Excl. January 1964-1980 1981-1997 All months Excl. January 1964-1980 1981-1997
Constan 0.027 -0.0€0 -0.39¢ 0.44¢ 1.528x= 1.266** 1.254 1.798x*
(0.06 (0.15 (0.57 (0.84 (3.57 (2.88 (1.73 (3.97
BETA 0.97%* 0.84%8* 1.20C 0.74%* 0.20¢ 0.241 0.60 -0.21¢
(2.16 (1.98 (1.53 (1.67 (0.61 (0.72 (1.21 (0.50
ILLIQMA 0.148%** 0.107** 0.19¢+** 0.0971%** 0.10%** 0.0€0*** 0.13¢** 0.070***
(5.74 (4.35 (4.42 (4.05 (4.57 (3.84 (3.37 (3.57
R10( 1.052+** 1.577** 1.171%*= 0.932** 0.967%** 1.445%*x 1.105x* 0.820**
(3.57 (5.81 (2.75 (2.28 (3.66 (6.00 (2.92 (2.24
R100YI 0.2¢0* 0.42¢* 0.37% 0.18: 0.30¢** 0.432%** 0.31¢ 0.30z*
(1.73 (2.72 (1.65 (0.80 (2.32 (3.45 (1.60 (1.69
Ln SIZE -0.075+* -0.021 -0.145* -0.00¢
(1.98 (0.59 (2.37 (0.12
SDRET -0.120 -0.250** -0.041 -0.20C
(1.32 (2.51 (0.31 (1.62
DIVYLD -0.021 -0.042* -0.041 -0.001
(1.20) (2.32) (1.28) (0.04)
Panel C: The Out-of-Sample Results (1998-2015) atlde Full Sample Results (1964-2015)
Out-of-Sample Results (1998-2015) Full Sample Results (1964-2015)
Variable All months Excl. January All months Excl. January All months Excl. January All months Excl. January
Constan 0.13¢ -0.30¢ 0.600° 0.26¢ 0.06¢ -0.14¢ 1.205*** 0.919**=*
(0.38 (0.83 (1.66 (0.74 (0.21 (0.49 (3.93 (2.94
BETA 0.44: 0.889** 0.49: 0.827** 0.789** 0.860*** 0.30¢ 0.444°
(2.02 (2.01 (1.44 (2.37 (2.39 (2.70 (1.22 (1.78
ILLIQMA 0.039*** 0.038*** 0.030** 0.032** 0.108*** 0.083*** 0.079*** 0.070**=*
(3.11 (2.87 (2.20 (2.19 (6.30 (4.95 (5.01 (4.32
R10( 0.64¢ 1.00¢ 0.60¢ 0.988** 0.912%*=* 1.379*** 0.840%*** 1.286***
(1.08 (1.61 .27 (2.04 (3.22 (4.93 (3.52 (5.59
R100VI -0.11¢ -0.11¢ 0.11(C 0.08: 0.14: 0.237* 0.240** 0.314%**
(0.44 (0.45 (0.50 (0.40 (1.01 1.72 (2.08 (2.83
Ln SIZE -0.04¢ -0.03¢ -0.066** -0.027
(1.25 (0.96 (2.34 (0.99
SDRET -0.09¢ -0.11¢ -0.111 -0.190**
(0.70 (0.82 (1.48 (2.47
DIVYLD -0.028** -0.044%** -0.023* -0.043***
(2.08) (3.27) (1.89) (3.38)
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The cross-sectional tests are repeated for thefesample (1998-2015) and the full sample
(1964-2015) periods, with the corresponding restdgsorted in Panel C. The illiquidity
measure remains positive and significant for akcsjcations, showing that illiquidity
continues to command higher returns subsequenihgoséminal study. The mean of the
ILLIQMA)y coefficients over the out-of-sample (full sampgdeyiod is 0.039 (0.108) withta
statistic of 3.11 (6.30). The median of the coéfics is 0.037 (0.073). Of the 216 (624)
monthly coefficients estimated using out-of-samfilél sample) data, 59.7% (60.7%) are
positive with a near-zero serial correlation 004(-0.001). What is of considerable difference
to the published findings is the magnitude of theuidity coefficients over the out-of-sample
period. The size of the mean estimates decreasapprpximately 70% in relative terms, a
result that is reflective of a substantial incregsstock liquidity post publication. Consistent
with A02, BETAy andR10G, are positive and significant, whi@IVYLDy has negative and
significant coefficients, a result that A02 attribsi to less risky companies choosing to pay
higher dividend yields.

The positive relationship between stock returnsibigdidity found in the cross-section of
returns leads AO2 to test the impact of markequilility over time. A consistent result from a
time-series perspective would see investors ragdtinhigher illiquidity expectations by
pricing equity lower, thus demanding higher retuexsante as compensation for the lower
liquidity of stocks relative to Treasuries, whiale aomparatively more liquid and can be traded
in large volumes without price impact or sizableansaction costs. As such, A02 considers
whether expected excess stock returns (in excebg gfeld on short-term Treasury securities)
are an increasing function of expected marketuldgy. Such a finding would indicate that
the equity risk premium, found to be too high aaldelled as a puzzle by the extant literature
(see, for example, Mehra, 2008), contains a prenfauifiquidity, contributing an explanation

to the debate.

13



The market illiquidity measure used to drive tmediseries analysis ALLIQy, the annual
expectations of which are assumed to follow a-tirsler autoregressive (AR(1)) process. That
is, investors extract their forecasts of illiquyditor yeary (AILLIQggy) from information
available in yeay — 1 and set market prices accordingly. Higher ewélilliquidity in year
y— 1 increase expected illiquidity in yeafc, > 0 in the equation below). Following A02, we
employ a natural logarithmic transformation of theasure. Therefore,

In AILLIQg(y, = InAILLIQ, = co + ¢1 In AILLIQ,_; + vy, (1)

with investors setting market prices to obtaindlesired expected excess returns over year
Formally,

(RM = Rf)y = fo + fiInAILLIQg(y, + u, = go + g1 INAILLIQ,_; + u,, (2)
whereRM, is the annual market return on the equally weidmtearket portfolio for NYSE
stocks over the yeat Rf, is the yield on a one-year Treasury bill issuethatstart of yeay;,

In AILLIQEg(y) is the natural logarithm of the expected markigjuidity in yeary, estimated by
an AR(1) process and using information availabkh@iend of yeay — 1;vy anduy are residual
terms; and, IMAILLIQyis the natural logarithm of the market illiquiditgeasure in yeay,
calculated as the averagdlof 1Qiy across all the stocks included in the sample anyé Note
thatgo = fo + f1co andg: = f.c.. A OLS regression of model (1) for the replicatgt), out-of-
sample (1c) and full-sample (1d) periods providesfollowing findings in comparison to the

published results (1a):

InAILLIQ, = —0.200 + 0.768In AILLIQ,_, + v, (1a)
(t =) (1.70) (5.89) R? = 0.53, Durbin — Watson statistic = 1.57,
In AILLIQ, = —0.266 + 0.729In AILLIQ,_, + v, (1b)

3 The data pertaining to the equally weighted mapketfolio are sourced from CRSP and the yield3 masury
bills are obtained from the Federal Reserve (FedhBmic Research datababés://fred.stlouisfed.ory/
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(t =) (1.92) (5.57) R? = 0.48, Durbin — Watson statistic = 1.51,

In AILLIQ, = —0.515 + 0.8541n AILLIQ,_; + v, (1c)
(t=) (1.36) (6.83) R? =0.72, Durbin — Watson statistic = 1.58,
In AILLIQ, = —0.176 + 0.930 In AILLIQ,_; + v, (1d)
(t=) (1.50) (15.95) R? = 0.83, Durbin — Watson statistic = 1.64.

For all sample periods, our results are consisteéhtA02, showing that; > 0.

The time-series analysis also extends to unexpecszket illiquidity. As noted above, an
increase INAILLIQy - 1 will drive AILLIQgy) higher, causing expected returns in ygdo
increase as investors price stocks lower. Hencenarpected increase in illiquidity will cause
contemporaneous stock returns to decrease dualtorastock prices in response. To examine
this, A0O2 modifies (2) to include an unexpecteidilidity component:

(RM = Rf), = go + g1 InAILLIQy_; + g, In AILLIQy () + Uy, 3)
where InAILLIQu) is the natural logarithm of the unexpected mailguidity in yeary,
equal to the residual termy) from the AR(1) process in (1). Prior to beingluded in the
model, thew coefficients are adjusted for the bias-correctiw@thod of Kendall (1954), which
is used to mitigate the upward bias presemf,fhThe tested hypotheses take the fgprm 0O
(higher expected market illiquidity results in heghex ante returns) angk < O (higher
unexpected market illiquidity results in lower cemporaneous returns).

To further the research, A02 extends (3) to alswsier firm size (a proxy for liquidity),
postulating that large and small firms react ddféty to variations in market illiquidity.
Specifically, while increases in expected marKejuidity are likely to cause ex ante returns

to rise for all stocks, a flight to liquidity (alsstitution from less liquid to more liquid stocks

4 Specifically, we apply Kendall's (1954) bias-caitien method to the estimated coefficients from slqd),
displayed in (1a—1d), as follows. First, we adfhstestimated, coefficienté, such that, (ad)) =&, + (1+36)/T,
where T is the number of regression observatiofise intercept, is adjusted as,(adj) = InAILLIQ, —
c,(ady) In AILLIQ,,_,. Finally, the adjusted coefficients, equal tn AILLIQy,, in model (3), are calculated

asln AILLIQy,y = vy(adj) = InAILLIQ, — co(ad)) — c¢,(ad)) In AILLIQ,, 4.
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in times of constrained market trading) makes temded securities even more sensitive to
changes inlliquidity over time, resulting in a higher illiquidity riskgmium. To gauge whether
stocks that are more thinly traded experience gepreffects from changes in market
illiquidity, model (3) is therefore also estimatesing returns on size (decile) portfolios. That
is, RMy in (3) is replaced witlRSZ,, the annual returns on a CRSP size-portfolio yeary,
wherei = 2, 4, 6, 8 and 10 (portfolio 10 consists of kfowith the largest capitalizations). If
the model coefficientgy and g, are denoted agi and g, for each size portfolid, the
proposition that the impact of illiquidity is mongronounced for smaller stocks can be
examined by studying whethgf > g7 > g$ > g% >g1% > 0 andg? < g7 <g$ <g8 <gi’ <O.
The results of these tests for all sample periasisyell as the published findings, are shown in
Table 3.

We find that the replicated coefficients (Panelr@&emble the published findings (Panel
A) in terms of sign, size and significance. Ex ageity returns are an increasing function of
expected market illiquidity, as evidenced by a fpsiand significang. term, while a negative
and significantg. coefficient indicates that unexpected market uilitity results in lower
contemporaneous equity returns. Moreover, teststhensize portfolios corroborate the
hypotheses that the illiquidity effect is stronfmrless liquid stocks ag (expected illiquidity)
decreases monotonically in size agid (unexpected illiquidity) increases monotonicalty i
size. Overall, these findings suggest that expected stetirns provide investors with
compensation for the lower liquidity of stocks tela to Treasuries, contributing an

explanation to the high equity premium puzzle.
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Table 3. The Effect of Market Illiquidity on Expected Excess Returns — Annual Data
This table reports the coefficient estimates ofrtiadel: RM — Rfy =go + ¢ In AILLIQy 1 + g,In AILLIQug) +
w. RM, is the annual return on the equally weighted ntgpketfolio of NYSE stocks over the yewrRf, is the
yield on a one-year Treasury bill issued at thet stiiyeary. Ln AILLIQy is the natural logarithm of the market
illiquidity measure in yeay, calculated as the average (across stocks) afaiig absolute stock return divided
by the daily dollar volume of the stock (averagedrahe yeay). Ln AILLIQug) is the natural logarithm of the
unexpected market illiquidity, calculated as th&idaal from the first-order autoregressive moddhoAILLIQ,.

Uy is the residual term of the OLS regression. Théetalso presents coefficient estimates of the inaglag the
returns on size (decile) portfolios. The tested enddkes the form:RSZ — Ry = gi + gl In AILLIQy _1 + g}

In AILLIQug) + Uy. RSZ is the annual return on a CRSP size-portfolio yeary, wherei = 2, 4, 6, 8 and 10
(portfolio 10 consists of stocks with the largespitalizations)t-statistics are reported in parenthesesatistics,
calculated from standard errors that are robulseteroskedasticity and autocorrelation (Newey ardt\1987),
are reported below the stand#&statisticsD — Wrefers to the Durbin—Watson statistic. Panel Aorepthe results
published in Amihud (2002). Panel B reports theultessof our replication using the same period (¥2686),
method and data selection criteria as detailedarptublished study. Panel C reports the matchindjrfgs for the
out-of-sample period (1997-2015). Panel D repdwsmatching findings for the full sample periodga42015).

Interpretation: The time-series regression coefficients of theicafibn (Panel B), while not identical to the
matching values (Panel A) published in Amihud (20@2e consistent in sign, size and statisticatiicance.
The findings pertainintp the out-of-sample (Par@) and full sample (Panel D) periods show that @igixpected
market illiquidity no longer results in higher exta returns that are statistically significant. Whhigher
unexpected market illiquidity still results in loweontemporaneous returns, the monotonic incraagk iis lost

in the out-of-sample tests. This indicates thatdlference in the reaction between small and Ildiges to
changes in market illiquidity is no longer distimeta share market that is more liquid.

Panel A: The Published Results (1964-1996) — Takein Amihud (2002)

RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constant 14.740 19.532 17.268 14.521 12.028 4.686
(4.29) (4.53) (4.16) (4.02) (3.78) (1.55)
[4.37] [5.12] [5.04] [4.32] [3.55] [1.58]
Ln AILLIQy -1 10.226 15.230 11.609 9.631 7.014 -0.447
(2.68) (3.18) (2.52) (2.40) (1.98) (0.13)
[2.74] [3.92] [3.31] [2.74] [1.84] [0.14]
Ln AILLIQug) -23.567 -28.021 -24.397 -20.780 -18.549 -14.416
(4.52) (4.29) (3.88) (3.80) (3.84) (3.14)
[4.11] [3.91] [3.63] [3.41] [3.50] [3.39]
R? 0.512 0.523 0.450 0.435 0.413 0.249
D-W 2.55 2.42 2.64 2.47 2.39 2.28
Panel B: The Replicated Results (1964-1996)
RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constant 16.791 22.033 19.865 16.327 13.452 4.466
(3.87) (4.07) (3.80) (3.59) (3.39) (1.20)
[3.68] [4.06] [4.05] [3.58] [3.13] [1.23]
Ln AILLIQy -1 10.451 14.668 11.951 9.696 7.396 0.009
(2.54) (2.86) (2.41) (2.24) (1.96) (0.00)
[2.52] [3.16] [2.83] [2.36] [1.89] [0.00]
Ln AILLIQug) -21.434 -25.489 -21.525 -18.453 -16.458 -12.658
(3.82) (3.64) (3.19) (3.14) (3.20) (2.63)
[3.48] [3.37] [2.95] [2.81] [2.91] [2.59]
R? 0.407 0.414 0.337 0.319 0.305 0.136
D-W 2.42 2.26 2.48 2.35 2.31 2.25
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Panel C: The Out-of-Sample Results (1997-2015)

RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constant 15.357 23.092 15.732 17.897 9.803 -0.137
(0.98) (1.32) (0.99) (1.22) (0.74) (0.01)
[1.85] [2.47] [1.78] [1.99] [1.17] [0.01]
Ln AILLIQy -1 2.108 4.826 2.398 2.695 0.250 -2.034
(0.40) (0.83) (0.45) (0.55) (0.06) (0.50)
[0.77] [1.67] [0.81] [0.87] [0.09] [0.50]
Ln AILLIQug) -19.258 -15.558 -20.551 -20.695 -21.010 -17.717
(2.02) (1.47) (2.13) (2.32) (2.62) (2.38)
[3.26] [2.50] [3.60] [3.66] [3.61] [2.63]
R? 0.160 0.108 0.187 0.231 0.246 0.174
D-W 2.68 2.54 2.49 2.51 2.71 1.86
Panel D: The Full Sample Results (1964-2015)
RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constant 11.486 15.336 14.126 11.681 9.325 3.573
(2.93) (3.25) (3.23) (2.98) (2.71) (1.12)
[3.78] [3.73] [4.04] [3.60] [3.36] [1.32]
Ln AILLIQy -1 1.716 3.430 2.754 1.585 0.755 -0.863
(0.88) (1.45) (1.26) (0.81) (0.44) (0.54)
[1.12] [1.80] [1.64] [0.94] [0.52] [0.68]
Ln AILLIQug) -22.439 -24.531 -22.947 -21.118 -19.256 -13.883
(4.79) (4.35) (4.40) (4.51) (4.69) (3.65)
[5.49] [4.76] [4.86] [4.89] [5.06] [3.81]
R? 0.320 0.301 0.297 0.292 0.298 0.181
D-W 2.54 2.34 2.47 2.41 2.46 2.05

The results pertaining to the out-of-sample (P&)ealnd full sample (Panel D) periods are
not as convincing. While the positige term remains, as does the declingiras firm size
increases (no longer monotonic in Panel C), the mhades of the expected liquidity
coefficients are no longer large enough to renldefactor statistically significant. The results
are still significant and consistent with the pab&d findings for both sample periods with
respect tay,, but the monotonic increasegh is lost in the out-of-sample tests. These findings
indicate a decline in the sensitivity of investtwghe illiquidity risk present in the market, a
likely reflection of the significant expansion ajwety trading post publication as outlined by

the extant literature (Chordia, Roll, and Subrahyaam 2011) and confirmed in our summary
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statistics. A time-series plot &ILLIQy, presented in the appendix (Figure A.1), shows a
considerable reduction in the magnitude of the miailkquidity measure over the last two
decades, with its values persistently close to pest 2003.

The continued significance of the negative relatiop between unexpected illiquidity and
contemporaneous returns against the disappeargmifisance of the previously positive
association between expected illiquidity and futteirns is not entirely surprising. As the
stock market in recent decades is substantiallyeriiguid than it once was, the expectation of
a decline in liquidity now carries less cause famaern. Portfolios can be adjusted with greater
ease, and a change in expectations is unlikelyetadsociated with other events that would
catch investors off-guard. A sharp decrease in peebed illiquidity, on the other hand,
remains a significant challenge as it signifieshange for which market participants are
unprepared regardless of the level of underlyiggitlity among stocks. This leaves investors
with little time to plan any necessary portfoligestments, increasing the cost of these changes
and, therefore, attracting a premium with respectiriexpected illiquidity. In addition, the
significance of the unexpected illiquidity factergubstantially larger relative to the expected
illiquidity factor in-sample, highlighting the gresa sensitivity to the former in comparison to
the latter. Hence, a general increase in liquioktgr the last two decades is likely to render the
expected illiquidity premium insignificant prior tmexpected illiquidity in the data.

The absence of a monotonic relation in the outaniysle coefficients shows that the
difference in the reaction between small and ldirges to changes in market illiquidity is no
longer distinct in a share market that is moreitiqiiherefore, the flight to liquidity effect, dtil

observed for the full sample, is a product of aqueprior to technological innovations that

5 This declining trend of illiquidity for the past¢ decades is not simply a reflection of the rapivth in market
capitalization over the same timeframe. To confthis, we calculate the Brennan, Huh, and Subraharany
(2013) modifiedLLIQ measure, and examine its time-series over theg&@863-2015. This modified illiquidity
measure replaces dollar volume, the denominatthreoA02ILLIQ metric, with turnover, thereby removing the
effect of firm size from the illiquidity calculatio The Brennan, Huh, and Subrahmanyam (2013)iidlityumetric
also displays a downward trend through time, paldity since the late 1990s.

19



have transformed access to stock trading (viagkample, automated algorithmic trading,
online brokerage accounts and inter-market linkpged resulted in substantial reductions in
trading costs (in terms of commission or broker&g#ask spread and price impact), spurring
demand for equity transactioh$The exchange-wide decimalization of security mice2001

is also a contributing factor in reducing transactcosts out-of-sample, as the regulatory
change resulted in tighter spreads due to the usmaller increments compared to fractions
(see, for example, Bessembinder, 2003 or Chakpgwatvod, and Van Ness, 2004).

Our results corroborate the findings of Ben-Reph#edan, and Wohl (2015) who
examine a number of liquidity proxies, including tA02 measure, to determine whether the
liquidity premium is still significant in a moreaent sample of stocks or whether it has turned
into a second-order effect with declining magnitu@liee authors conclude that the premium
was large and robust until the mid-1980s, sinc®imtg a small second-order effect. That is,
the economically significant results pertainingfte liquidity premium reported in prior studies
are driven by early period observations, a findivegconfirm in this replication. The authors
are able to identify statistically significant réstonly among small stocks listed on NASDAQ,
whose market capitalization accounts for approxayad.5% of the total market capitalization
of all publicly listed equity. The liquidity effecs absent among all other common stocks.

To complete our replication of A02, we repeat theetseries analysis with monthly
measures of illiquidity and add control variablesitcount for the impact of the January effect,
the default yield premium (the yield spread betw&srg-term BAA-rated and AAA-rate

corporate bonds) and the term yield premium (tleddyspread between long-term Treasury

6 Refer to, for example, Chakravarty, Panchapagesamh,Wood (2005), French (2008) or Chordia, Rail a
Subrahmanyam (2001, 2011).

7 In 1998, the second year in our out-of-sampleicapbn, the Securities and Exchange Commissiorteda
Regulation ATS (Alternative Trading System, avdiadithttp://www.sec.gov/rules/final/34-40760 xxinducing
the widespread use of both electronic communicateiworks (consolidated public quote streams) amk pools
to match buy and sell orders more efficiently. Thenpetitive pressures from ATSs have forced legxchanges
like the NYSE to innovate, allowing investors tartsact shares faster, cheaper and easier in larlyenes.
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bond$ and three-month Treasury bills) on ex ante (ejcessck returns. The monthly
illiquidity measure MILLIQm, is again calculated as the average (across $totkke daily
absolute stock return divided by the daily dollaiwme of the stock, but averaged over the
trading days in montm (instead of yeay). The AR(1) model detailed in (1) is re-estimated
yield the following coefficients for the replicatédb), out-of-sample (4c) and full-sample (4d)

periods in comparison to the published results: (4a)

In MILLIQ,, = 0.313 + 0.945 In MILLIQ,,_ + (4a)
(t=) (3.31) (58.36) R? =0.89, Durbin — Watson statistic = 2.34,
In MILLIQ,, = —0.052 + 0.951In MILLIQy_y + Uy (4b)
(t =) (2.71) (60.16) R? = 0.90, Durbin — Watson statistic = 2.06,
In MILLIQ,, = —0.068 + 0.980 In MILLIQp_ + Uy (4c)
(t=) (1.59) (75.74) R? = 0.96, Durbin — Watson statistic = 1.70,
In MILLIQ,, = —0.029 + 0.987 In MILLIQyp_y + Uy (4d)
(t=) (1.97) (150.59) R? = 0.97, Durbin — Watson statistic = 2.00.

The regressioroutput clearly indicatesfirst-order autocorrelation of the monthly illiquig
measurdor all sampleperiodswith ¢, andR? being close to one, consistent with A02.

After being adjusted for the bias-correction metiobdkendall (1954), the residualgqj
from model (4b—4d) are used to measure the monttdxpected illiquidity MILLIQum), in
monthm. Hence, the monthly version of model (3) takesftim:

(RM = Rf)n = go + g1 N MILLIQy,_y + g5 In MILLIQy(my + gsJANDUM,, + wy,,  (5)
whereRMn is the monthly market return on the equally wetghtnarket portfolio for NYSE
stocks over the montt; Rfy, is the yield on a one-month Treasury bill issuetha start of

monthm; In MILLIQmis the natural logarithm of the market illiquidityeasure in montm,

8 A02 does not specify the maturity of the long-tdvamd. However, the bond yield data available ftbenFed
have enough data, to satisfy the AO2 sample peoialgt,for the ten-year Treasury bond. Therefore,lting-term
bond yield applied in our replication pertainshe ten-year Treasury bond.
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calculated as thaveragef ILLIQim across all the stocks included in the sample intin; In
MILLIQum is the naturallogarithm of the unexpected market illiquidity in monttm;
JANDUMn is a dummy variable equal to one in the monthaoiudry and zero otherwise; and,
Um is the residual term. Expanding model (5) to aarfior the effects of the two bond yield
premiums results in:

(RM = Rf)m = go + 91 M MILLIQy,_1 + g5 In MILLIQy(my + g3JANDUM,, +

GuDEF,_1 + gsTERM,_1 + uy, (6)
whereDEFy is the default yield premium in monti?; and, TERMh is the term yield premium
in monthm.1° As before, to gauge the effects of illiquidity firms of varying size, models (5)
and(6) are also estimated using retuomssize (decile) portfolios. That iRMnmis replaced with
RSZn, the monthly returns on a CRSP size-portfolio monthm, wherei = 2, 4, 6, 8 and 10.

The results relating to the reduced model are tedan Table B.1 and the results relating
to the full model are reported in Table B.2. Owlieation of both models leads to statistically
significant estimates that are consistent with A@2yell as the findings we obtain using annual
data. Specificallyg: > 0 and is strictly decreasing in firm size, while< 0 and is strictly
increasing in firm size, which corroborates thesample hypothesis of a flight to liquidity. As
with the annual measures of expected and unexpewekket illiquidity, these results dissipate
in the out-of-sample (Panel C) and full sample @P&®) tests. While IMILLIQm -1 remains
positive and decreases monotonically in comparsg;, siane of the coefficients are significant.
Further, while the unexpected illiquidity term isgative and significant for both samples, the

monotonic increase g, is lost in the out-of-sample period. These findimgdicate that, as

9 The required yield data, pertaining to Moody's sseed BAA-rated and AAA-rated corporate bonds, are
obtained from the Fed Economic Research database.

10 A02 reports low correlations between the two byiettls and the illiquidity measure: CéimMILLIQm DEF)
=-0.060, Cor(in MILLIQm TERMy) = 0.021 and Co(TERM, DEFy) = 0.068. Our replication over a matching
sample period (1963-1996) finds these correlatmeffients to be -0.009, -0.131 and 0.300, respelgt For

the out-of-sample period (1997-2015), the coeffitseare 0.058, -0.133 and 0.335, respectively. tRerfull
sample period (1963-2015), the coefficients ar@®.00.204 and 0.256, respectively.
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with the annual estimates, the expected illiquidityasure does not induce a risk premium in
a share market that is more liquid, and the diffeeein the reaction between small and large
companies to changes in unexpected illiquidityadanger distinct. The inclusion of control

variables in the regression generates largely mifstgnt coefficients and does not alter our
overall findings. That is, the in-sample positivieets of the month of January and the default

yield premium on ex ante stock returns disappetobsample in the full model.

4. Robustness Modifications

To further our study of the effects of illiquidiby stock returns using the AO2 measure, we
repeat the cross-sectional tests (results fromwduie reported in Table 2) and the time-series
tests (results from which are reported in Tablevid) the following robustness modifications
to the published procedure. First, one of therfitigg conditions requires sample stocks to have
market capitalization data at the end of yearl, in an effort to exclude derivative securities
like ADRs, scores and primes. However, this cooditstill results in a sample with
approximately 5% of securities that are not idédiis common stocks by CRSP (CRSP share
code> 20). Therefore, in our robustness tests, we excthdse observations where CRSP
share code 20. Second, we delete firm observations whergtioe day return is missing as,
in the event that the prior day price (and therfeturn) is missing for a stock, CRSP uses the
price up to ten days prior in its return calculatidhis practice creates cumulative, as opposed
to daily, returns that should not be present iestmation of a daily illiquidity ratio. Third, in
calculating the dividend yield, we use the stodkeat the end of the second to last month to
avoid the beginning of period price appearing othtsides of the cross-sectional model. This
specification follows Brennan, Chordia, and Subrahyam (1998) whalso calculate the
dividend yield as a sum of all dividends paid a¥er previous 12 months, divided by the stock

price at theend of the seconi lastmonth.Fourth, we replace the Durbin-Watson statistic in
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the time-series tests with the Durbin h-statisticras metrids more appropriate when lagged
dependent variables are included as explanatorghtas in regressions (Durbin, 1970). Fifth,
A02 trims firms located in the top and bottom 1%tad distribution of the illiquidity measure
for the cross-sectional tests, and firms locatetertop 1% for the time-series tests. We replace
trimming with winsorizing at the same cut-off leseSixth, we retain penny stocks in our
sample, which are removed by A02 in the cross-@eatianalysis. Finally, we adjust the_IQ
measure for inflation in a manner consistent wign#Rephael, Kadan and Wohl (2015).

Specially, we use the following measure:

1 Dy M
ILLIQ_ADJiy = 5= 21 vorn, winryg )

wherelNF,, is an adjustment factor to express dollar volumeal terms using the CPI at the
end of 2015, calculated e(ézf’lym/(,‘Plbec_15.11 The analysis with these seven robustness
modifications is conducted over the full period 22015) to maximize the sample size and
increase the power of our tests.

The results that incorporate these robustness me=aare presented in Table 4. The cross-
sectional results (Panel A) indicate that theulicity measure remains positive and significant,
but the magnitude of the coefficients has furtlegluced for all specifications. When using the
full model, the mean of theeLIQMAiy coefficient over the full sample is 0.060, compiie
0.079 over the same period pre-robustness, an@ @1A02. While the other variables also
exhibit changes in magnitude in comparison to piiftdings (reported in Table 2, Panel C),
the overall interpretation remains consistent. Ragirns,R10G, and R100YR, are both
positive and significant, consistent with AGRDRETy and DIVYLDy retain their negative

coefficients.

11 Our CPI data are the seasonally adjusted motblysumer Price Index for All Urban Consumers: Adins
(CPIAUCSL) obtained from th&ederal Reserve Bank of St. LoBsonomic Research database. As CPI data are
available at a monthly, as opposed to daily, fregyewe take CPI for each day as the CPI in thetmtmwhich

the day belongs.
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Table 4. Cross-sectional and Time-series RegressiBesults— Robustness Modifications
Description: Panel A reports the means of the coefficientsdhatestimated from cross-sectional regressions of
stock returns for each month in ygaon stock characteristics that are derived usinig ftam yeary — 1. This
panel employs 624 monthly observations (52 yeansj}te full sample period of 1964-2015 and alscsenés
separate results for tests that exclude Januaffigients. BETAy is the Scholes and Williams (1977) coefficient
from an annual time-series regression of daily #ygeeighted returns for the size (decile) portéotio which
stocki belongs at the end of yeaon equally-weighted market portfolio returns. Tlliquidity measurdLLIQjy,
calculated for each stodkas the ratio of its daily absolute stock returntsodollar traded volume on that day
(averaged over yed), is mean-adjusted such tHRLIQMA;, = ILLIQi, /AILLIQy. AILLIQy is calculated as the
average ofLLIQj across all the stocks included in the sample aryeR10G, is the return on stodkover the
last 100 days of year. R100YR is the return on stockfrom the start of yeay to 100 days before its end.
Ln SIZEy is the natural logarithm of the end-of-year maréapitalization for stock. SDRET, is the standard
deviation of the daily return on stochkn yeary. DIVYLDy is the dividend yield, calculated as the totalwain
cash dividend for stockin yeary divided by the stock price at the end of the sddonlast month. Included in
each yeal are NYSE stocks with more than 200 days of dastatistics are reported in parentheses. Panel B
reports the coefficient estimates of the mod@M(— RjJy = go + g.In AILLIQy -1 + @.In AILLIQu() + uy. RMy is
the annual return on the equally weighted marketf@a of NYSE stocks over the yegr Rf, is the yield on a
one-year Treasury bill issued at the start of ye&n AILLIQy is the natural logarithm of the market illiquidity
measure in yeay, calculated as the average (across stocks) afdifyeabsolute stock return divided by the daily
dollar volume of the stock (averaged over the ygatn AILLIQu) is the natural logarithm of the unexpected
market illiquidity, calculated as the residual frahe first-order autoregressive model ofAHLLIQy. uy is the
residual term of the OLS regression. The table piesents coefficient estimates of the model uiegeturns
on size (decile) portfolios. The tested model takesform: RSZ— Ry =g}, + gt In AILLIQy _1 + g5 In AILLIQuy,)

+ Uy. RS% is the annual return on a CRSP size-portfolio yeary, wherei = 2, 4, 6, 8 and 10 (portfolio 10
consists of stocks with the largest capitalizatjotistatistics are reported in parenthesestatistics, calculated
from standard errors that are robust to heterostiity and autocorrelation (Newey and West, 19&#f§g
reported below the standatrdtatistics. The results in this panel employ dater the full sample period (1964-
2015). The table reports the results of our analysing the same method and data selection crasrdetailed
in Amihud (2002) with the following robustness miochitions: we exclude securities not classifieccasimon
stocks by CRSP (CRSP share cod@9); delete firm observations where the prior @dyrn is missing; calculate
dividend yield as a sum of all dividends paid otrer previous 12 months, divided by the stock paitthe end
of the second to last month; replace the Durbindbfastatistic in the time-series tests with theliruh-statistic;
replace trimming of the data with winsorizing a¢ game cut-off levels; retain penny stocks; angisathelLLIQ
measure for inflation.

Interpretation: The regression results for both the cross-sectiandltime-series tests are largely consistent in

sign and statistical significance with their préuwstness equivalents. However, in terms of theuitlity
measures, all coefficients of interest are belairthre-robustness values in terms of size andfgignce.

Panel A: Cross-sectional Regression Results (Robud964-2015)

Variable All months Excl. January All months Excl. January
Constant -0.377 -0.304 1.194 1.039
(1.05) (0.85) (3.50) (2.94)
BETA 1.188 0.966 0.539 0.598
(3.26) (2.73) (1.97) (2.13)
ILLIQMA 0.062 0.013 0.060 0.036
(3.46) (0.82) (3.85) (2.37)
R100 1.036 1.643 0.942 1.474
(3.36) (5.59) (3.65) (5.99)
R100YR 0.254 0.398 0.314 0.436
(1.82) (2.96) (2.67) (3.95)
Ln SIZE -0.072 -0.037
(2.65) (1.39)
SDRET -0.243 -0.343
(3.55) (5.01)
DIVYLD -0.021 -0.037
(1.61) (2.78)
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Panel B: Time-series Regression Results — The F@ample (Robust, 1964-2015)

RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ% - Rf RSZ, - Rf
Constant 8.706 10.512 10.174 9.056 7.767 4.137
(3.26) (3.27) (3.42) (3.38) (3.33) (1.93)
[4.60] [3.91] [4.48] [4.47] [4.63] [2.12]
Ln AILLIQy -1 -0.210 0.798 0.512 -0.288 -0.649 -1.284
(0.15) (0.48) (0.33) (0.21) (0.54) (1.15)
[0.22] [0.65] [0.47] [0.27] [0.72] [1.55]
Ln AILLIQug) -21.186 -23.510 -21.768 -19.766 -18.099 -12.886
(4.72) (4.35) (4.35) (4.40) (4.62) (3.58)
[4.89] [4.43] [4.44] [4.31] [4.45] [3.42]
R? 0.295 0.276 0.271 0.262 0.279 0.177
Durbin h-statistic 2.53 2.35 2.49 2.43 2.47 2.05

The time-series results (Panel B) are also sintolawur prior findings over the full sample
period (reported in Table 3, Panel D). Theestimates are strictly decreasing in firm size, bu
lack significance. Theg, estimates are negative, significant and stricttyeasing in firm size,
but they are the product of a sample primarily framera that did not include innovations in
technology and decimalization of security pricest thave both caused a substantial increase
in liquidity over the last two decades. In termsmoégnitude for both the expected and
unexpected illiquidity variables, all coefficiensre again below their pre-robustness
equivalents. The robust model displays similar axptory power and autocorrelation of the
residuals as model (3).

In addition to the abovementioned robustness, ve® abnsider whether the slope
coefficients pertaining to the expected)(and unexpecteg}) illiquidity factors in the time-
series regressions are statistically different femnh other across the considered size (decile)
portfolios. That isg? .., is compared t@? . ,, g1 or» iS compared t@$ .., and so on. The
findings of these two-sampteests with a null hypothesis of zero difference gported in

Table B.3. The results for the in-sample (PanedAd out-of-sample (Panel B) tests indicate
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no statistically significant difference between thadings on adjoining size portfolios. The
comparisons have to be stretched to consideratietvgeeng? ., (portfolio RSZ) andg?,, ,
(portfolio RSZ) org$ ., andgi®, , (portfolio RSZ) to return significant differences between
the slopes of the size portfolio estimates. HoweWedhe t-tests are conducted over the full
sample period of the annual observations (PaneldPanel D), where the increased sample
size amplifies the statistical power of the emgirithe significance of coefficient differences
improves for the majority of tests. This occurspitesthe magnitude of the difference typically
decreasing, a reflection of lower standard effors generatingt-values. The statistical
differences between the expected and unexpecteidity loadings for the adjoining
portfolios are most pronounced when comparing pbod RSZ andRSZ,, as portfolio ten

contains stocks with the largest capitalizatiord, aonsequently, little illiquidity concern from

investors.

5. Further Discussions of Illiquidity
5.1. Discussion of the llliquidity Metric

Central to the interpretation of AO2 is the valdof the illiquidity measurdLLIQ,
calculated as the ratio of the daily absolute statkrn to its dollar traded volume, averaged
over the number of days for which data are avalableary. In the time since publication of
A02, ILLIQ has become an established gauge of illiquidithenliterature (see, for example,
Acharya and Pedersen, 2005; Korajcyzk and Sadl@8; 2@asbrouck, 2009). Nonetheless, it
is important to consider alternative interpretasiéor the measure.

The numerator oilLLIQ comprises the absolute value of daily stock retufnumber of

studies (e.g., Leone, Nelson, and Nottingham, 198andt, 196l) demonstrate that the

2 Theaveraggooledstandararrorfor the conducted two-sampitests with respect to the expected (unexpected)
illiquidity slope coefficient differences is 1.543.822) in Panel A, 1.615 (5.374) in Panel B, 0.28901) in
Panel C and 0.145 (1.511) in Panel D.
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volatility of an estimate can be gauged from the sii its absolute values. Further, a separate
body of literature shows a positive intertempogdétion between expected stock returns and
stock market volatility (e.g., Merton, 1980; Fren&8thwert, and Stambaugh, 1987). As A02
acknowledges, and controls for in cross-sectiosstist it is therefore possible that thelQ
measure instead captures the effect of stock madtatility on expected stock returns.

To further test the association between the AQQuiitlity measure and stock volatility, we
perform the following cross-sectional regressiontfe year 1984

ILLIQ; = a + BVOL; + u; (8)
whereVOL; is the standard deviation of daily returns for ktoc This mirrors the cross-
sectional test estimated by A02 for the same yeavhichILLIQ is regressed on two liquidity
variables from the microstructure literature, speally Kyle’s (1985)4 and the fixed cost
portion of the bid-ask spread A02 findsILLIQ to have a positive relation with(t= 13.78)
andy (t=17.33), withR? = 0.30, taken as evidence of the validityldflQ as a gauge of stock
illiquidity. Our estimation of eq. (8) yields a @aneter estimate fg# of 4.53 { = 4.84) with
R?=0.02. While this is substantially lower than #rpiivalent statistics A02 finds for thend
w metrics, it is nonetheless significant.

To extend this analysis, we perform the same bedtreplacdLLIQ with its numerator,
namely the sum of the absolute values of an indalidtock’s returns over a given year. This
provides a more direct examination of whether tlB2 Aliquidity metric is in part a proxy for
stock return volatility, by reducing the metric ite return component. Consistent with the
findings of Leone, Nelson, and Nottingham (19614 &tandt (196l), this adjustment yields
much stronger results, with a parameter estimatg fuf 166.53 {= 135.97) withR?= 0.93.

Therefore, the test used by A02 to argue thhatQ is a valid measure of illiquidity can
also be employed to suggest tHatlQ is instead a plausible metric for detecting therre

premium required by market participants for stookatility, particularly if results are driven
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by thelLLIQ numerator. As such, the findings in AO2 could éersas corroborating evidence
for the literature that documents a positive tireaes relationship between stock volatility and
ex ante returns, as opposed to providing new ecel@f a time series relation between
expected liquidity and ex ante returns.

In order to gain further insight into the effecivilng the output, we therefore examine an
adjusted illiquidity metric, in which the absolutalue of returns is removed to leave only the
dollar traded volume. As dollar volumeQ@LD) is a more intuitive gauge of a stock’s liquidity
than its volatility, this adjustment provides areahative measure of illiquidity that is not
exposed to the issues stemming from the dual irgtfon of thdLLIQ numerator.

We therefore perform the same regressions usingdmilar volume as follows:

(RM — Rf),, = go + g1In AINVVOLD,_; + g, In AINVVOLDy(y, + u, (9)

where AINVVOLD, = 1/N, .2, INVVOLD;y, INVVOLD;, = 1/Dy, %%, 1/VOLD;,4 and
the remaining variables are as defined in A02. Eiigralues oINVVOLD represent greater
illiquidity, and therefore the coefficients can iéerpreted in a consistent fashionlkd.IQ.
As reported in Table 5, the results uskigN\VVOLD are analogous to those generated using
AILLIQ. This suggests that it is the denominatoARfLIQ that is driving the results, namely
the dollar traded volume. As dollar volume is aunalt measure of liquidity, this finding adds
weight to the interpretation by A02 of the existernd a priced illiquidity risk factor, although
the premium has declined substantially post-putitica

In recent research related to this line of enquioy and Shu (2016) find results that are
consistent with ours and similarly identify thedirag volume component of the AO2 measure
as the reason why the original return-to-volummriatpriced. Whereas we focus our attention
on the changing magnitudes of the expected andpaetad illiquidity factors in the time-

series and their monotonic properties with respeaize portfolios, however, Lou and Shu

(2016) concentrate most of their analysis on deasimg the A02 measure to examine its
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pricing. In doing so, they find that the returnmrem associated with the measure disappears
once the volume component, that exhibits signifigaigreater cross-sectional variation
compared to the stock return component, is withdraeir further tests show that the pricing
of the AO2 measure, generally considered a liquiplibxy that compensates for price impact
by the literature, is not explained by common higiguency price impact and spread
benchmarks. The study finds that the significarfadeetrading volume component is due, not
to the liquidity premium, but to the mispricing (mbquidity) hypothesis stemming from
corrections to overly optimistic expectations aboigh volume stocks relative to low volume
stocks following high market sentiment periods aathings announcements.

In addition to the findings of Lou and Shu (2018)pport for the mispricing hypothesis is
offered by a number of prior studies. For examplaker and Wurgler (2006) employ share
turnover to construct their investor sentiment measnd demonstrate that it has significant
cross-sectional effects. Specifically, stocks #ratattractive to optimists and, at the same time,
unattractive to arbitrageurs earn low returns feifeg high sentiment (high turnover) periods
relative to low sentiment periods. That is, higmtver forecasts low market returns due to
systematic patterns of mispricing correction, aultesonfirmed by Lou and Shu (2016).
Barinov (2014) shows that in asset pricing teggsjdity as well as liquidity risk measures are
unable to explain why higher turnover predicts lovwure returns. Instead, the author argues
that turnover reflects firm-specific uncertaintyther than liquidity, and high turnover
(uncertainty) firms tend to outperform their legscertain peers when expected aggregate
volatility increases. That is, high turnover firare subject to lower subsequent returns because
their (relatively) higher idiosyncratic uncertaintyakes them a hedge against aggregative
volatility risk, rather than because they attraéwaer liquidity (or turnover) premium. Thus,
in contrast to trading volume acting as a liquigitpxy, these papers point to non-liquidity

factors as explanations for the significance ofvbleime premium in the data.
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Table 5. The Effect of Dollar Volume on Expected Esess Returns — Annual Data

This table reports the coefficient estimates of thedel: RM — RJ, = g, + ¢: In AINVVOLD, -1 + @,
In AINVVOLDygy) + uy. RM, is the annual return on the equally weighted nigpketfolio of NYSE stocks over
the yeary. Rf, is the yield on a one-year Treasury bill issuethatstart of yeay. Ln AINVVOLD, is the natural
logarithm of the market traded volume measure &r yecalculated as the average (across stocks) aldie
inverse of the dollar traded volume for stoclveraged over yegr Ln AINVVOLDy, is the natural logarithm
of the unexpected market traded volume measureyleséd as the residual from the first-order awgessive
model of InAINVVOLD,. uy is the residual term of the OLS regression. Thetalso presents coefficient
estimates of the model using the returns on sieeil@ portfolios. The tested model takes the fofR8Z — Rjy
=gl + gl In AINVVOLD, _; + g} In AINVVOLDy) + Uy. RSZ is the annual return on a CRSP size-portfoiio
yeary, wherei = 2, 4, 6, 8 and 10 (portfolio 10 consists of Btowith the largest capitalizations)statistics are
reported in parenthesesstatistics, calculated from standard errors that rabust to heteroskedasticity and
autocorrelation (Newey and West, 1987), are reddstdow the standardstatisticsD — Wrefers to the Durbin—
Watson statistic. Panel A reports the results lier $ample period (1964-1996) employed by Amihud220
Panel B reports findings for the out-of-sample @&r{1997-2015). Panel C reports findings for thé dample
period (1964-2015).

Interpretation: The time-series regression coefficients when figquitlity variable AILLIQ) is replaced by the
inverse of dollar volumeAINVVOLD)are similar in sign and significance to wh&ihLIQ is employed in Table
3. As dollar volume is a natural measure of ligtyidthis finding adds weight to the interpretatiop Amihud
(2002) of the existence of a priced illiquiditykifactor.

Panel A: The In-Sample Results (1964-1996)

RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constant -30.511 -51.650 -38.119 -26.495 -16.911 12.428
(1.69) (2.34) (1.78) (1.41) (1.02) (0.83)
[1.65] [2.58] [2.06] [1.47] [0.95] [0.88]
Ln AINVVOLD, -, 11.269 17.920 14.009 10.148 7.077 -2.299
(2.20) (2.85) (2.29) (1.89) (1.50) (0.54)
[2.08] [3.07] [2.61] [1.93] [1.35] [0.56]
Ln AINVVOLDyy) -30.653 -35.611 -30.467 -26.865 -23.941 -19.298
(3.90) (3.70) (3.25) (3.26) (3.32) (2.95)
[3.33] [3.14] [2.80] [2.80] [2.92] [3.12]
R? 0.399 0.425 0.341 0.312 0.292 0.173
D-W 2.48 2.42 2.57 2.42 2.33 2.32
Panel B: The Out-of-Sample Results (1997-2015)
RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constant 9.908 5.263 9.324 9.658 12.492 11.378
(0.77) (0.38) (0.71) (0.77) (1.11) (1.15)
[1.03] [0.52] [0.88] [0.92] [1.33] [1.30]
Ln AINVVOLD, _; -0.369 2.514 -0.287 0.328 -2.134 -3.566
(0.05) (0.32) (0.04) (0.05) (0.33) (0.63)
[0.09] [0.53] [0.06] [0.07] [0.50] [0.64]
Ln AINVVOLDyy) -13.944 -7.387 -15.390 -16.006 -18.577 -17.706
(0.75) (0.37) (0.81) (0.89) (1.15) (1.24)
[1.25] [0.53] [1.33] [1.64] [2.41] [2.14]
R? -0.077 -0.093 -0.069 -0.051 -0.034 -0.026
D-W 2.48 2.36 2.28 2.29 2.46 1.88
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Panel C: The Full Sample Results (1964-2015)

RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constant 7.704 3.714 5.244 8.321 9.345 9.860
(1.06) (0.43) (0.65) (1.15) (1.47) (1.73)
[1.14] [0.46] [0.70] [1.13] [1.49] [1.86]
Ln AINVVOLD, -1 0.406 2.270 1.661 0.326 -0.427 -1.779
(0.17) (0.79) (0.62) (0.14) (0.20) (0.94)
[0.18] [0.85] [0.68] [0.14] [0.21] [1.10]
Ln AINVVOLDyy) -28.773 -32.415 -29.411 -26.470 -23.980 -17.456
(3.85) (3.66) (3.56) (3.55) (3.65) (2.97)
[3.97] [3.58] [3.59] [3.58] [3.88] [3.42]
R? 0.216 0.218 0.201 0.185 0.188 0.119
D-W 2.50 2.34 2.42 2.37 241 2.06

5.2. K-fold Cross-validation: llliquidity Premiumh@nge Point

In our main results, we show that the sensitivitynwestors to market illiquidity risk has
declined since the publication of A02. This finding consistent with a number of
aforementioned technological innovations and régwachanges in the years immediately
following the study, that have significantly enhadshare market liquidity by facilitating the
trade process and reducing its costs. To assess fmwnally whether the end of the A02
sample period could be deemed a significant chaoget in the market’'s demand for an
illiquidity premium, we perform a k-fold cross-vadéition study. We treat the A02 sample
period (33 years, 1964-1996) as a training sethichvthe coefficients in A02 eq. (10) are
estimated and fitted to a test set comprising pablication data (19 years, 1997-2015),
producing a mean absolute error between the fdied actual values for the independent
variable(RM — Rf). We then perform 1,000 simulations in which, fack simulation, the
same proportion of observations (19 years, or 365%e data) are randomly sampled with
replacement from the full 1964-2015 period andcated to a simulation test set. The same
fitting process is used for the simulation traingugd test sets, resulting in a mean absolute

error for each simulation.
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We then calculate the proportion of the 1,000 satad mean absolute errors, one for each
cross-validated instance, which are below the maasolute error from the fitted post
publication sample. If the end of the A02 samplmiies a change point in the illiquidity
premium environment, the cross-validation procesillgandomly pick elements from before
and after the change point, effectively smoothingrahe change point within the modelling
process. As a result, the majority of the mean labserrors from the simulations would fall
below that from the post publication test periodn§istent with this, we find that only 16.9%
of the mean absolute errors from the simulatiorged that from the post-publication sample,
providing further evidence of a change in investititudes towards illiquidity risk in the past

two decades.

6. Conclusions

In this paper we show that the findings of A02 tenreplicated using the same sample
period, method and data selection criteria as léetan the seminal study. The employed
measure of expected illiquidity has a positive aighificant effect on ex ante stock returns
while unexpected illiquidity has a negative andhdigant effect on contemporaneous stock
returns. These effects are monotonically strongesinaller, and therefore less liquid, stocks,
reflective of a flight to liquidity by investors.

However, in out-of-sample tests, these resultsphss. Both the expected and unexpected
market illiquidity time-series measures lose tmeanotonic nature in regard to firm size, with
the expected illiquidity coefficients also becomirgatistically insignificant for all
specifications. This indicates a decline in thesgesity of investors to illiquidity risk, a likely
reflection of the significant expansion of equitpding over the last two decades. Further
robustness in the form of extra data filters aterahtive test specifications, designed to extend

the original study, corroborate these findings.
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We assess alternative interpretations of the eneplaliquidity measure and consider
whetherILLIQ could instead be capturing the effect of stock reawolatility on expected
returns. However, we ultimately conclude that teeaminator of the illiquidity ratio, dollar
traded volume, is driving the results reportedhia seminal study. That is, employing the
inverse of the dollar traded volume in the samemaaaslLLIQ leads to analogous findings
in terms of sign, magnitude and statistical sigaifice as those reported in AQ2.

Finally, we perform a k-fold cross-validation studyan effort to confirm a change point
in the illiquidity premium. That is, we treat théd2 sample period (33 years, 1964-1996) as a
training set in which regression coefficients aséineated and fitted to a test set comprising
post-publication data (19 yeal®997-2015), producing a mean absolute error betivesiitted
and actual values for the excess return time-sanesfind that the mean absolute error from
the post publication sample exceeds all but 16.9#%ase from the simulations, confirming a

change in the sensitivity of market participantdliquidity risk over the past twenty years.
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Appendix A: Fig. A.1. Time-series plot ofAILLIQy (1963-2015)

This figure presents a time-series plot of the ahmarket illiquidity measur&jILLIQy, calculated as the average
(across the sample stocks) of the daily absolueksteturn divided by the daily dollar volume oktistock
(averaged over the yeg. The plot spans the full sample period of oudgt(1963-2015). The Amihud (2002)

sample spans the period 1963-1997. The shadedepessents the illiquidity measure post publicatib®97-
2015.

Interpretation: The plot shows a considerable reduction in thenitade of the market illiquidity measure over
the last two decades, with its values persistesitige to zero post 2003.
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Appendix B: Table B.1. The Effect of llliquidity on Expected Returns — Monthly Data

This table reports the coefficient estimates ofrtfwelel: RM — Rfm =go + @1 In MILLIQm -1 + @2 In MILLIQu(m) +

0: JANDUMy, + um. RMy is the monthly return on the equally weighted reagortfolio of NYSE stocks over the
monthm. Rfy is the yield on a one-month Treasury bill issuetha start of montim. Ln MILLIQn is the natural
logarithm of the market illiquidity measure in mhmh, calculated as the average (across stocks) ofidhg
absolute stock return divided by the daily dollalume of the stock (averaged over momh Ln MILLIQu) is
the natural logarithm of the unexpected marketuildity, calculated as the residual from the foster
autoregressive model of MILLIQm. JANDUM, is a dummy variable equal to one in the monthamfudry and
zero elsewhereiy is the residual term of the OLS regression. Théetalso presents coefficient estimates of the
model using the returns on size (decile) portfolibBe tested model takes the forrRSZ — Rim = gi + gi

In MILLIQm -1 + g5 In MILLIQu(m) + g5 JANDUMy, + Um. RSZn is the monthly return on a CRSP size-portfolio
in monthm, wherei = 2, 4, 6, 8 and 10 (portfolio 10 consists of kfwith the largest capitalization$)statistics
are reported in parenthesestatistics calculated from standard errors thatateroskedastic-consistent (White,
1980) are reported below the standastatistics.D — Wrefers to the Durbin—Watson statistic. Panel Aorep
the results published in Amihud (2002). Panel Borepthe results of our replication using the speréod (1963-
1996), method and data selection criteria as @etdil the published study. Panel C reports the mivagdindings
for the out-of-sample period (1997-2015). Paneéforts the matching findings for the full sampleiqd (1963-
2015).

Interpretation: The regression coefficients of the replication @aB) are qualitatively consistent with the
published findings (Panel A). However, for the ofisample (Panel C) and full sample (Panel D) pkyidhe
results thag, > 0 and strictly decreasing in firm size are noger significant. Further, while the unexpected
illiquidity term (g,) is negative and significant for both samples,rtimmotonic increase igh is lost in the out-of-
sample tests. These findings indicate that the @ggeilliquidity measure does not induce a riskngitem in a
share market that is more liquid and the differeimcthe reaction between small and large firmshanges in
unexpected illiquidity is no longer distinct.

Panel A: The Published Results (1963-1996) — Tabdein Amihud (2002)

RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constan -3.87¢ -4.86¢ -4.33¢ -4.06( -3.66( -1.55¢
(2.33 (2.54 (2.45 (2.42 (2.27 1.12
[1.97] [2.03] [2.12] [2.13] [2.05] [0.99]
Ln MILLIQm -1 0.71: 0.86: 0.80¢ 0.761 0.701 0.31¢
(2.50 (2.64 (2.67 (2.65 (2.55 (1.35
[2.12] [2.11] [2.33] [2.36] [2.30] [1.18]
Ln MILLIQum) -5.52( -6.51: -5.70¢ -5.23¢ -4.42¢ -3.10¢
(6.21 (6.37 (6.04 (5.84 (5.15 (4.19
[4.42] [4.53] [4.34] [4.12] [4.04] [3.38]
JANDUMy 5.28( 8.06% 5.44¢ 4.23: 3.00( 1.42¢
(5.97 (7.94 (5.80 4.74 (3.51 (1.93
[4.20] [5.03] [4.08] [3.45] [2.64] [1.47]
R? 0.14¢ 0.18¢ 0.14( 0.11¢ 0.08¢ 0.04¢
D-W 1.9¢ 1.9¢ 1.9¢ 1.9¢ 2.03 2.14
Panel B: The Replicated Results (1963-1996)
RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constan 0.740 0.785 0.942 0.887 0.888 0.347
(2.14) (1.95) (2.56) (2.55) (2.63) (1.15)
[1.71] [1.55] [2.15] [2.20] [2.19] [0.90]
Ln MILLIQm -1 0.678 0.868 0.795 0.733 0.670 0.154
(2.38) (2.62) (2.62) (2.56) (2.40) (0.62)
[1.78] [1.86] [2.04] [2.07] [1.92] [0.47]
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Ln MILLIQum) -11.055 -12.551 -11.603 -11.018 -9.803 -6.972

(11.88) (11.64) (11.74) (11.79) (10.80) (8.63)
[8.27] [8.11] [8.24] [8.12] [8.39] [7.02]
JANDUMy, 7.020 10.036 7.293 5.998 4.654 2.589
(8.72) (10.75) (8.53) (7.41) (5.92) (3.70)
[5.76] [6.38] [5.64] [5.09] [4.26] [2.87]
R? 0.300 0.327 0.295 0.282 0.239 0.153
D-W 2.23 2.22 2.19 2.24 2.28 2.34
Panel C: The Out-of-Sample Results (1997-2015)
RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constan 0.802 1.107 0.723 0.912 0.427 -0.110
(0.87) (1.33) (0.76) (0.89) (0.45) (0.13)
[0.86] [1.33] [0.79] [0.92] [0.45] [0.11]
Ln MILLIQm -1 0.052 0.196 0.040 0.035 -0.109 -0.197
(0.19) (0.79) (0.14) (0.11) (0.38) (0.76)
[0.20] [0.81] [0.15] [0.12] [0.41] [0.72]
Ln MILLIQum) -14.395 -12.892 -14.639 -14.817 -13.894 -9.435
(10.11) (10.08) (9.97) (9.42) (9.53) (7.07)
[7.61] [7.93] [7.60] [7.04] [7.18] [5.82]
JANDUMy, 0.891 2.222 0.899 -0.073 -0.629 -0.780
(0.90) (2.50) (0.88) (0.07) (0.62) (0.84)
[0.90] [2.18] [0.88] [0.07] [0.70] [0.85]
R? 0.307 0.315 0.301 0.277 0.283 0.177
D-W 2.29 2.21 2.31 2.26 2.32 2.28
Panel D: The Full Sample Results (1963-2015)
RM-Rf Excess returns on size-based portfolios
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSZ, - Rf
Constan 0.505 0.547 0.657 0.602 0.578 0.272
(1.79) (1.79) (2.21) (2.05) (2.06) (1.09)
[1.64] [1.55] [2.06] [1.99] [1.96] [1.01]
Ln MILLIQm -1 0.122 0.222 0.184 0.110 0.080 -0.022
(0.97) (1.62) (1.38) (0.84) (0.64) (0.20)
[0.87] [1.39] [1.25] [0.77] [0.60] [0.19]
Ln MILLIQum) -11.578 -12.155 -12.027 -11.693 -10.601 -7.360
(14.80) (14.37) (14.63) (14.39) (13.68) (10.68)
[9.75] [9.51] [9.74] [9.46] [9.80] [8.36]
JANDUMy, 4.831 7.125 4,993 3.839 2.797 1.418
(7.59) (10.36) (7.47) (5.81) (4.44) (2.53)
[5.19] [6.19] [5.08] [4.12] [3.32] [2.03]
R? 0.272 0.292 0.269 0.251 0.228 0.149
D-W 2.24 2.21 2.22 2.23 2.28 2.31
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Appendix B: Table B.2. The Effects of Illiquidity, Default Yield Premium and Term Yield

Premium on Expected Returns — Monthly Data

This table reports the coefficient estimates ofrtfealel: RM — Rjm = go + g:In MILLIQm -1 + g2In MILLIQu(m) +

0: JANDUMy, + g, DEFm -1 + gs TERMn -1 + Um. RMy, is the monthly return on the equally weighted meark
portfolio of NYSE stocks over the month Rfy, is the yield on a one-month Treasury bill issuetha start of
monthm. Ln MILLIQn, is the natural logarithm of the market illiquidityeasure in month, calculated as the
average (across stocks) of the daily absolute sttokn divided by the daily dollar volume of theck (averaged
over the monttm). Ln MILLIQum is the natural logarithm of the unexpected maitkqtidity, calculated as the
residual from the first-order autoregressive marféh MILLIQm. JANDUM, is a dummy variable equal to one
in the month of January and zero elsewhBiek, is the default yield premium (the yield spreadasstn long-
term BAA-rated and AAA-rate corporate bonds) in tiiom. TERM, is the term yield premium (the yield spread
between ten-year Treasury bonds and three-montsiing bills) in montim. un is the residual term of the OLS
regression. The table also presents coefficiemhatts of the model using the returns on size [g)eportfolios.
The tested model takes the forRSZ— Rjm =g}, + g} In MILLIQm -1 + g’ In MILLIQu(m) + g5 JANDUMn, + g,
DEFm -1 + gt TERMn -1 + Un. RSZn is the monthly return on a CRSP size-portfolio monthm, wherei = 2, 4,

6, 8 and 10 (portfolio 10 consists of stocks with largest capitalizationg}statistics are reported in parentheses.
t-statistics calculated from standard errors thathateroskedastic-consistent (White, 1980) arertegdoelow
the standard-statistics.D — Wrefers to the Durbin—Watson statistic. Panel Aorepthe results published in
Amihud (2002). Panel B reports the results of eplication using the same period (1963-1996), nttdnul data
selection criteria as detailed in the publishedlgtiPanel C reports the matching findings for tbeaf-sample
period (1997-2015). Panel D reports the matchindiffigs for the full sample period (1963-2015).

Interpretation: The regression coefficients of the replication @aB) are qualitatively consistent with the
published findings (Panel A). However, for the ofisample (Panel C) and full sample (Panel D) pkyidhe
results thag, > 0 and strictly decreasing in firm size are noger significant. Further, while the unexpected
illiquidity term (g,) is negative and significant for both samples,rtimmotonic increase igh is lost in the out-of-
sample tests. These findings indicate that the @ggeilliquidity measure does not induce a riskngitem in a
share market that is more liquid and the differeimcthe reaction between small and large firmshanges in
unexpected illiquidity is no longer distinct. Thelusion of additional control variables does Htargrior results.

Panel A: The Published Results (1963-1996) — Talein Amihud (2002)

RM-Rf Excess returns on s-based portfolio
RSz - Rf RSZ - Rf RSZ - Rf RSZ - Rf RSz, - Rf
Constan -5.58¢ -6.98¢ -6.17( -6.01( -5.19] -2.69:
(3.15 (3.43 (3.28 (3.37 (3.03 (1.83
[2.63] [2.58] [2.73] [2.90] [2.71] [1.68]
Ln MILLIQm-1 0.71¢ 0.91: 0.84¢ 0.80: 0.731 0.33Z
(2.53 (2.80 (2.82 (2.82 (2.67 (1.41
[2.18] [2.20] [2.41] [2.48] [2.38] [1.23]
Ln MILLIQum) -5.37¢ -6.281 -5.49: -5.01¢ -4.24: -2.940
(6.08 (6.18 (5.84 (5.63 (4.95 (3.99
[4.39] [4.48] [4.27] [4.05] [3.97] [3.26]
JANDUMp, 4,981 7.94:% 5.35] 4.12¢ 2.92¢ 1.39¢
(5.67 (7.86 (5.73 (4.66 (3.44 (1.91
[4.40] [5.11] [4.11] [3.46] [2.64] [1.48]
DEFm-1 1.19: 1.55¢ 1.29: 1.38¢ 1.05¢ 0.66:
(2.35 (2.66 (2.39 (2.70 (2.14 (1.56
[2.39] [2.52] [2.30] [2.76] [2.13] [1.54]
TERMn-1 0.281 0.18¢ 0.22¢ 0.22% 0.221 0.31¢
(1.84 (1.05 (1.40 (1.48 (1.50 (2.49
[1.70] [1.00] [1.31] [1.39] [1.36] [2.30]
R? 0.161 0.20¢ 0.1%7 0.141 0.10¢ 0.07(
D-W 2.0C 2.02 1.9¢ 2.02 2.0¢€ 2.1¢
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Panel B: The Replicated Results (1963-1996)

RM-Rf Excess returns on s-based portfolic
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RS%, - Rf
Constan -0.30z2 -0.42¢ -0.05: -0.21: 0.09¢ -0.2€0
(0.51 (0.62 (0.08 (0.36 (0.16 (0.50
[0.54] [0.70] [0.09] [0.39] [0.17] [0.48]
Ln MILLIQm-1 0.7%0 0.90: 0.83i 0.77¢ 0.70¢ 0.21¢
(2.54 (2.71 (2.74 (2.68 (2.52] (0.87
[1.97] [1.98] [2.19] [2.23] [2.07] [0.68]
Ln MILLIQu(m) -10.77¢ -12.26¢ -11.34% -10.74¢ -9.5¢0 -6.75:
(11.52 (11.31 (11.41 (11.44 (10.48 (8.31
[8.16] [8.03] [8.13] [8.00] [8.29] [6.90]
JANDUMy, 6.94¢ 9.9:0 7.21¢ 5.910 4.59¢ 2.57¢
(8.64 (10.65 (8.44 (7.32 (5.84 (3.68
[5.86] [6.49] [5.72] [5.15] [4.28] [2.89]
DEFm-1 0.79¢ 1.05¢ 0.79¢ 0.90¢ 0.607 0.29¢
(1.69 (1.93 (1.58 (1.91 (1.31 (0.73
[1.66] [1.84] [1.54] [1.96] [1.32] [0.71]
TERMn-1 0.1¢<0 0.110 0.151 0.14: 0.14¢ 0.251]
(1.12] (0.56 (0.84 (0.84 (0.87 (1.71
[1.08] [0.56] [0.80] [0.81] [0.81] [1.63]
R? 0.30¢ 0.33: 0.29¢ 0.28¢ 0.241 0.15¢
D-W 2.2¢ 2.2¢ 2.21 2.2 2.2¢ 2.3¢€
Panel C: The Out-of-Sample Results (1997-2015)
RM-Rf Excess returns on s-based portfolic
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RS%, - Rf
Constan 0.57¢ 0.33¢ 0.44¢ 1.26¢ 1.017 0.92:
(0.50 (0.33 (0.38 (1.00 (0.87 (0.86
[0.43] [0.27] [0.34] [0.88] [0.77] [0.69]
Ln MILLIQm-1 0.07: 0.23¢ 0.081 0.08: -0.071 -0.191
(0.25 (0.92 (0.28 (0.27, (0.27, (0.72]
[0.29] [1.05] [0.32] [0.31] [0.29] [0.71]
Ln MILLIQum) -14.34: -12.72¢ -14.56¢ -14.85¢ -13.98¢ -9.62¢
(10.00 (9.93 (9.86 (9.39) (9.53 (7.19
[7.45] [7.73] [7.39] [6.93] [7.11] [5.92]
JANDUMy, 0.89¢ 2.21¢ 0.92( -0.01¢ -0.571 -0.721
(0.90 (2.49 (0.90 (0.01 (0.56 (0.78
[0.88] [2.03] [0.86] [0.01] [0.65] [0.84]
DEFm-1 0.0t0 0.35¢ -0.05¢€ -0.58 -0.66¢ -0.84(
(0.08 (0.60 (0.08 (0.81 (0.99 (1.37,
[0.04] [0.31] [0.04] [0.42] [0.64] [0.91]
TERMn-1 0.1%0 0.28¢ 0.252 0.21¢ 0.101 -0.09]
(0.50 (1.23 (0.94 (0.75 (0.38 (0.37
[0.55] [1.27] [1.01] [0.82] [0.44] [0.43]
R? 0.301 0.31¢ 0.291 0.27¢ 0.28( 0.17¢
D-W 2.2¢ 2.2% 2.3¢2 2.2i 2.3¢ 2.3¢2
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Panel D: The Full Sample Results (1963-2015)

RM-Rf Excess returns on s-based portfolic
RSZ - Rf RSZ - Rf RSZ - Rf RSZ - Rf RS%, - Rf
Constan -0.26¢ -0.52¢ -0.09¢ -0.01¢ 0.25( 0.20¢
(0.54 (1.00 (0.19 (0.03 (0.52 (0.48
[0.44] [0.88] [0.16] [0.02] [0.45] [0.41]
Ln MILLIQm-1 0.145 0.24: 0.21( 0.13:Z 0.09¢ 0.00¢
(1.14 (1.73 (1.54 (0.98 0.77 (0.05)
[1.09] [1.62] [1.49] [0.96] [0.76] [0.05]
Ln MILLIQu(m) -11.39( -11.91¢ -11.84( -11.53¢ -10.50¢ -7.30¢
(14.48 (14.03 (14.33 (14.10 (13.46 (10.52
[9.58] [9.40] [9.57] [9.26] [9.58] [8.22]
JANDUMy, 4.78i 7.052 4,957 3.80i 2.78¢ 1.43¢
(7.52 (10.27 (7.41 (5.75 (4.41 (2.56
[5.19] [6.21] [5.08] [4.11] [3.33] [2.06]
DEFm-1 0.55¢ 0.85¢ 0.53¢ 0.42¢ 0.18¢ -0.09¢
(1.43 (2.03 (1.30 (1.06; (0.49 (0.29
[0.98] [1.52] [0.92] [0.72] [0.38 [0.22]
TERMn-1 0.15¢ 0.14 0.16( 0.13¢ 0.107 0.13¢
(1.07 (0.94 (1.06; (0.92 (0.75 (1.08
[1.07] [0.93] [1.04] [0.93] [0.74] [1.09]
R? 0.27¢ 0.291 0.271 0.25: 0.227 0.14¢

D-W 2.2¢4 2.28 2.2t 2.28 2.2¢ 231




Appendix B: Table B.3. The Significance of Regression (Slope) Coefficiemifferences

AcrossSize Portfolios — Annual Data
This table reports the differences between slopefficeents across adjoining size (decile) portfsliof the
regression modelRSZ — R)y = g} + gi In AILLIQy —1 + g’ In AILLIQug) + uy. RSZ% is the annual return on a
CRSP size-portfolia in yeary, wherei = 2, 4, 6, 8 and 10 (portfolio 10 consists of k®wvith the largest
capitalizations)R{, is the yield on a one-year Treasury bill issuethatstart of yeay. Ln AILLIQy is the natural
logarithm of the market illiquidity measure in ygacalculated as the average (across stocks) ofiheabsolute
stock return divided by the daily dollar volumetioé stock (averaged over the ygar.n AILLIQuy) is the natural
logarithm of the unexpected market illiquidity, callated as the residual from the first-order aigmresive model
of In AILLIQy. uy is the residual term of the OLS regresstestatistics are reported in parentheses. Pangbérie
the results estimated over the Amihud (2002) sapgi®d (1964-1996). Panel B reports the out-of{dameriod
(1997-2015) findings. Panel C reports the full seenperiod (1964-2015) findings. Panel D also repthe full
sample period (1964-2015) findings but employsftlewing robustness modifications over the datecion
criteria detailed in Amihud (2002): we exclude s#@s not classified as common stocks by CRSP (ERtare
codes> 20); delete firm observations where the prior detyrn is missing; replace trimming of the datahwit
winsorizing at the same cut-off levels; and, adihelLLIQ measure for inflation. ***, ** and * indicate 196%
and 10% significance levels, under a two-sanypst with a null hypothesis of zero differencespectively.
Interpretation: The differences between the time-series regressamfficients across the adjoining size
portfolios are largely insignificant in-sample (BdA) and out-of-sample (Panel B). However, onae sample
size increases with respect to the full sampleoge(Panel C and Panel D), théests achieve lower standard
errors and the resulting coefficient differenceaiatsignificance across the adjacent size poatfgioups.

Panel A: The In-Sample Results (1964-1996)
Size portfolio coefficient estimates and the diéfeces betweeadjoining coefficients

RSZ RSZ RSZ RSZ% RSZ, RSZ RSZ RSZ,
Ln AILLIO, 1466( 11.95. 9696  7.39¢ 000  14.66¢( 9.69¢  0.00¢
Lp AILLIOQuy 25.48¢ 2152t -18.45% -16.45¢( -12.65¢( -25.48¢ -18.45. -12.65¢
8 RSZ-RSZ RSZ-RS%Z RS%Z-RSZ RS%Z—-RSZ, RSZ-RSZ RSZ-RSZ%,
]
£T | ALLO 2718 2255 2300 7.387%* 4.972%% 9 687+
o v [1.54] [1.39] [1.62]  [5.78] [3.00]  [7.02]
c =
QL n
& 3964 -3.073 -1.994  -3.800 7.036%  -5.794%*
=
g Ln AILLIQuy) [1.21] [1.02] [0.76]  [1.60] 2.29] [2.27]

Panel B: The Out-of-Sample Results (1997-2015)
Size portfolio coefficient estimates and the difeces betweeadjoining coefficients
RSZ RSZ RSZ RSZ RSZo RSZ RSZ RSZo

Ln AILLIQy-1 4.82¢ 2.39¢ 2.69¢ 0.25( -2.03¢ 4.82¢ 2.69¢ -2.03¢
Ln AILLIQug) -15.55¢ -20.55. -20.69¢ -21.01(C -17.71. -15.55¢ -20.69¢ -17.71.
2 RSZ-RSZ RSZ-RSZ RSZ-RSZ RSZ-RSZo RSZ-RSZ RSZ-RSZo

(O]

£ ) Ln AILLIQ 2.428 -0.297 2.444 2.285 2.131 4.729*%*

a £ y-1 [1.32] [0.18]  [1.59] [1.63] [1.20] [3.17]

c =

L

S = 4,993 0.144 0.315 -3.293 5.137 -2.978

=

g Ln AILLIQuy [0.82] [0.03 [0.06] [0.71] (087  [0.60]
Panel C: The Full Sample Results (1964-2015)

Size portfolio coefficient estimates and the diéfeces betweeadjoining coefficients
RSZ RSZ RSZ RSZ RSZo RSZ RSZ RSZo

Ln AILLIQy-1 3.43C 2.75¢ 1.58¢ 0.75¢ -0.86: 3.43( 1.58¢ -0.86¢
Ln AILLIQug) -24.53.  -22.947 -21.11¢ -19.25¢ -13.88: -24,53. -21.11¢ -13.88:
2 RSZ-RSZ RSZ-RSZ RSZ-RSZ RSZ-RSZo RSZ-RSZ RSZ-RSZ

(O]

£ =) Ln AILLIQ 0.675* 1.169*** (0.829** 1.619*** 1.845%*  2.448***

a z y-1 [1.95] [3.70]  [2.96] [6.42] [5.59] [9.01]

c =

L

S = -1.584 -1.829 -1.862 -5.373*** -3.414* -7.235%**

=

g Ln AILLIQuy [0.80] [L.02] [L17]  [3.74] [1.82]  [4.67]
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Panel D: The Full Sample Results (Robust, 1964-20115

Size portfolio coefficient estimates and the diéfeces betweesdjoining coefficients

RSz RSz RSZ RS% RSZ, RSz RSZ RSZ,

Ln AILLIO, 0796 051 028t -064C 128 079  -028¢ -1.28
Ly AILLIOQuy 2351(  -21.76¢ -10.76¢ -18.09¢ -12.88¢ -23.51( -10.76¢ -12.88¢
8 RSZ-RSZ RSZ-RS%Z RS%Z-RSZ RS%Z—-RSZ, RSZ-RSZ RSZ-RSZ,

()

£T | ALLIO 0.286% 0.801%* 0.360** 0.635* 1.087%%  0.995%*
5% -1 [1.70] [5.22] [2.65] [5.24] 6.79]  [7.59]

c =2

QL n

& 1742 2003 -1667 -5.212% 37447 6,879
=

g Ln AILLIQuy) 0.99] [L25] [L17] [4.12] [2.24]  [5.02]
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