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Does PIN affect equity prices around the world?

Abstract

This study examines the empirical controversy over the pricing effect of Easley, Hvidkjaer, and
O’Hara’s (2002) probability of information-based trading, PIN, on a sample of 30,095 firms from
47 countries worldwide. Contrary to the empirical evidence of Easley, Hvidkjaer, and O’Hara,
but consistent with that of Duarte and Young (2009), we find no evidence that PIN exhibits a
positive effect on a cross-section of expected stock returns in international markets. Alternative
information-based trading measures also display no effect on expected stock returns, corroborating

our finding that information risk proxied by PIN, in general, has no pricing effect in world markets.
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1. Introduction

Easley and O’Hara (2004) suggest that information risk arising from information asymmetry
between informed and uninformed investors is systematic and non-diversifiable. Using a rational
expectations asset pricing model, they show that more information asymmetry increases the risk
faced by uninformed investors since informed investors can shift their portfolio weights to adjust
for new information. All else equal, uninformed investors demand a premium to hold shares in
firms with higher information asymmetry, since the uninformed expect to lose to the informed and
therefore demand to be compensated for this expected loss. Based on a structural microstructure
model, Easley, Hvidkjaer, and O’Hara (2002) derive a measure of private information-based trading,
the PIN measure, and find a strong positive cross-sectional relationship between expected stock

returns and PIN, suggesting that information asymmetry, as measured by PIN, is priced.

Recent theoretical and empirical studies, however, provide results that challenge the evidence
that asymmetric information risk embodied in PIN has a pricing effect. Theoretically, Hughes, Liu,
and Liu (2007) and Lambert, Leuz, and Verrecchia (2007) yield empirical implications that are at
variance with those in Easley and O’Hara (2004). Specifically, their models imply that information
risk is potentially idiosyncratic in nature and hence, fully diversifiable. Empirically, Duarte and
Young (2009) find no evidence that supports Easley, Hvidkjaer, and O’Hara’s (2002) finding that
PIN is associated with priced information riskE| They decompose PIN into two components,
one related to asymmetric information and one related to illiquidity, and find that only the PIN
component related to illiquidity is priced. They therefore argue that liquidity effects unrelated to

information asymmetry explain the cross-sectional relation between PIN and expected returns.

Given the extensive applications of PIN, implicitly and explicitly, as a proxy for priced infor-
mation risk in both finance and accounting literaturesﬂ it is imperative that we investigate this
contentious issue by subjecting PIN to robust out-of-sample analyses. Thus far, existing empiri-

cal studies focus only on the US market, and it is therefore important that we examine the asset

!Mohanram and Rajgopal (2009) replicate Easley, Hvidkjaer, and O’Hara’s study and report that the evidence in
the latter is not robust to alternative specifications and time periods. The effect of PIN on expected returns becomes
negative and insignificant in an extended period from 1999 to 2002.

2See Appendix A of Mohanram and Rajgopal (2009) for a detailed list of references.



pricing implications of PIN in non-US markets. Specifically, to resolve the debatable issue of
whether information risk measured by PIN is priced, we need to test whether the Easley, Hvid-
kjaer, and O’Hara (2002) PIN (hereafter PINgpo), the asymmetric information component of
PIN (hereafter PINpy), as derived by Duarte and Young (2009), or both systematically explain

cross-sectional variation in expected stock returns across international markets.

Our study begins by estimating PINggo and PINpy using the methodologies developed by
Easley, Hvidkjaer, and O’Hara (2002) and Duarte and Young (2009) on a sample of 30,095 interna-
tional stocks across 47 countries worldwide. Our estimates of the probability of informed trading for
each stock are based on the information in the newly available global intradaily stock transactions
data provided by Thomson Reuters Tick History database (TRTH) for the period from 1996 to
2010. While our study represents the first to estimate PINs for this large cross-section of interna-
tional firms, one concern is that stocks of these firms are mostly traded on electronic order-driven
markets, which might be inconsistent with the market microstructure model of market making in
which PIN is derived. As a result, it is possible that our PIN estimates may not actually capture
the probability of informed trading for our sample of stocks that we have expected. To address this

issue, we conduct two different tests to assess the quality of our PIN estimatesE]

First, following Easley et al. (1996), we show how well our PIN estimates predict different
measures of spreads. Theoretical studies have shown that spreads widen as adverse selection costs
caused by informed trading become larger. Thus, we use spreads as a means to verify the quality of
our PIN estimates, while controlling for trading volume. Next, we examine the association between
PIN estimates and several other proxies of information asymmetry at firm and country levels. If
the PIN estimates capture the level of private information, then they should be strongly correlated
with other proxies of information asymmetry commonly adopted in the existing literature. Our
firm-level proxies for information asymmetry include analysts following, analyst forecast dispersion,
press coverage, firm age, index membership, and closely-held ownership, while country-level proxies
are a country’s accounting standard index, disclosure requirement index, newspapers circulation,

capital market governance, and financial transparency factor. We find that our PIN estimates are

3We thank the referee for this excellent suggestion.



strongly correlated with spreads and with firm- and country-level asymmetric-information proxies
in predictable ways, indicating the reasonableness of our estimates of the probability of informed
trading using order flows from automated trading systems. Even though these analyses suggest that
our findings are quite robust, some concerns about the adequacy of PIN estimates still remain.

Our evidence should therefore be interpreted cautiously, keeping these concerns in mind.

We next turn to examining whether the information risk captured by PIN can systematically
explain cross-sectional variation in expected stock returns. We conduct two different asset pricing
tests. First, we form portfolios of stocks single-sorted on PIN and also double-sorted on a firm’s
market capitalization and PIN and then compute excess returns and risk-adjusted returns on each
of these portfolios. Results indicate no significant differences in excess returns or in risk-adjusted
returns between high and low PIN-formed portfolios, even after controlling for the market capital-
ization of the portfolios. Second, using Fama-MacBeth’s (1973) approach, we find that PINgro
exhibits no significant positive relationship with future realized stock returns. These results are
robust to orders submitted by algorithm trading implemented in a multiplicity of markets. Fur-
thermore, consistent with Duarte and Young (2009), we also find that the asymmetric information
component of PI Npy exhibits no significant impact on the cross-section of expected stock returns.
All this evidence therefore provides no support that PIN reflects information risk systematically

priced by investors.

Finally, if information risk related to PIN is diversifiable, it is possible that we can find similar
evidence when we use alternative information-based trading measures in place of PIN in our asset
pricing tests. We exploit the richness of our database to estimate four alternative information-based
trading measures drawn from the existing literature, namely Hasbrouck’s (1991) measure of relative
trade informativeness, Huang and Stoll’s (1996, 1997) percentage price impact measure and adverse
selection component, and Madhavan, Richardson, and Roomans’s (1997) asymmetric information
parameter. We repeat our asset pricing tests using these four measures, separately, as well as using
the first principal components extracted from these four measures with different combinations of
PINgpo and PINpy. Our evidence remains robust that information risk proxied by trading-based

measures has no effect on the cross-section of expected stock returns in international markets.



Our research contributes to several strands of finance and accounting literatures. First, our
study represents the first to examine the pricing of PIN in an international setting, and such an
analysis should provide sufficiently robust evidence to help resolve the debate on whether PIN is a
priced information risk. We show that the pricing effect of PIN in Easley, Hvidkjaer, and O’Hara
(2002) is neither robust to the time period of our study, nor is it robust across our sample of equity
markets. Our results further corroborate the findings of Duarte and Young (2009) who focus on
US equity markets and also provide no evidence that PIN reflects information risk priced by
investors. In addition, our exploratory analysis using four other popular measures of information-
based trading reinforces our overall evidence that information risk proxied by PIN, in general, has

no pricing effect in international equity markets.

Second, our work adds to a growing empirical literature that successfully applies PIN to ex-
plaining various information-based regularities. This measure is used to study informed trading
across different markets (Easley, O’Hara, and Srinivas, 1998) and types of securities (Easley et
al., 1996), stock price reactions to public and private news surprises (Vega, 2006), the information
effect of IPO underpricing (Ellul and Pagano, 2006), the corporate investment sensitivity to stock
prices (Chen, Goldstein, and Jiang, 2007), the impact of Regulation FD on information asymmetry
(Duarte et al., 2008), among others. Our study contributes to this literature by showing that PIN,
while not priced, is strongly associated with various proxies of information asymmetry at both firm

and country levels.

The remainder of the paper is organized as follows. Section 2 briefly discusses the methodologies
and estimation of PINggo and PINpy for our sample of 30,095 firms from 47 countries worldwide
and then assesses the quality of the two PIN estimates. Section 3 investigates the asset pricing
implications of PIN, and Section 4 examines the relation between other trading-based information

asymmetry measures and equity prices. The final section summarizes the paper.



2. The Estimation of PINgyo and PINpy Models

This section first describes PIN, which is derived from the market microstructure model of
Easley et al. (1996) and Easley, Hvidkjaer, and O’Hara (2002), and its extension by Duarte
and Young (2009). It then discusses the methodologies and global intradaily transactions data
employed in estimating the two measures of PIN, followed by cross-country summary statistics of

their estimates. In this section, we also perform several tests to assess the quality of these estimates.
2.1. The PIN Model and its Fxtension

PIN is derived from the structural microstructure model of Easley et al. (1996) and Easley,
Hvidkjaer, and O’Hara (2002) and is based on the imbalance between buy and sell orders among
investorsﬁ The premise of their model is that order imbalances reflect active trading of informed
investors, resulting from the arrival of private information. Otherwise, a more stable and balanced
order flow is observed if trading is not driven by private information. Therefore, PIN is a firm-level
estimate of the probability that an observed trade originates from a privately informed investor,
who may have advance knowledge of analysts’ reports, proprietary industry or macro forecasts,

insider information, superior ability to process public information, among others.
Easley, Hvidkjaer, and O’Hara (2002) compute PI Nggo as a fraction of orders that arises from
informed investors relative to the overall order ﬂowﬁ as follows.

Q-
PIN, = — 1
EHO a-u+est+ep ()

where « is the probability that a private information event occurs at the beginning of the trading
day, p is the daily arrival rate of orders from informed investors, and ep and €g are the daily arrival

rates of buy and sell orders from uninformed investors.

Duarte and Young (2009), however, show that the PI Ngpro model does not capture the preva-

lent positive correlation between buyer- and seller-initiated order flows or the large variances of these

4PIN takes into account patterns in the number of trades, but not trade size. Easley, Hvidkjaer, and O’Hara
(2002) show that trade volume reveals little information beyond the number of trades, suggesting that PIN is an
adequate proxy for the degree of informed trading.

®A more detailed discussion of PIN is contained in Easley, Hvidkjaer, and O’Hara (2002).



order flows. The two authors extend the PI Ngro model to account for the observed volatility and
positive correlation between buyer- and seller-initiated order flows by allowing for simultaneous
positive shocks to both order flows. This extended model allows them to compute an adjusted

measure of asymmetric information (hereafter PINpy ),

a-(d-pp+(1—d)-ps)

PIN = )
DY = d s+ (1—d) ps)+(Ap+Ag) (a0 +(1—a) 0) +es+en

(2)

where d is the probability that informed traders receive a positive signal if a private information
event occurs on a specific day, up is the arrival rate of informed buyers, pg is the arrival rate of
informed sellers, and 6 is the probability that a symmetric order shock occurs in the absence of
private information, whereas ¢’ is the probability that a symmetric order shock occurs when private
information arrives. In the event of symmetric order flow shocks, the additional arrival rate of buys

is Ap and of sells is Ag.

Duarte and Young’s (2009) extended model also gives rise to an associated probability, PSOS,
the unconditional probability that a given trade will come from a shock to both buy and sell order

flows,

(Ap+Ag) (-0 +(1—a)-0)

PSOS = .
a-(d-pp+(1—d) ps)+(Ap+Ag)-(a-0+(1—a)-0)+es+ep

(3)

They find that firms with high PSOS tend to have high Amihud (2002) illiquidity measures on
most days, but experience large increases in both buy and sell orders on days with the release of
public information. Shocks to both buy and sell orders may occur when traders disagree about the
interpretation of a public news event, or when traders coordinate their trades on certain days to
reduce transaction costs. Duarte and Young therefore argue that PSOS is effectively a proxy for

illiquidity unrelated to asymmetric information.

As the PINpy model contains twice as many parameters as the PINgpo model, we follow
Duarte and Young (2009) by estimating a parsimonious specification of PINpy with 6 equals ¢'.
Throughout this study, our analysis employs this model specification as it facilitates the estimation

of PINpy in that its maximum likelihood estimation tends to converge more easily.



2.2.  PIN Methodology and Global Intraday Data

Based on the maximum likelihood estimation procedure, we estimate both PINggo and PINpy
for every available stock using global intradaily stock transactions data from 47 countries worldwide
over a 15-year period from January 2, 1996 to December 31, 2010. For a majority of the countries,
the global transactions data are available from 1996 onwards. Appendix A lists the starting date

of the data for each country.

The global intradaily transactions data are from TRTHH managed by the Securities Industry
Research Center of Asia-Pacific (SIRCA). TRTH provides millisecond-time-stamped tick data of
over 5 million equity and equity derivatives instruments worldwide since January 2, 1996, and such
data are sourced from the Reuters Integrated Data Network, which obtains feeds directly from the
exchanges. TRTH has an equity coverage of 250 regular stock exchanges in more than 100 countries.
As constrained by the availability of price data from Datastream and financial information from the
Worldscope, our study only focuses on all securities listed in the main exchanges of 47 countries,
and these stock exchanges are listed in Appendix A. For China, Japan, and the United States, we
include stocks listed in their two main exchanges given their equal importance in the countries.It
is necessary to emphasize that while the NASDAQ market is the second largest in the United
States in terms of market capitalization, our sample excludes stocks traded in this market for two
reasons. One, it allows us to compare our results with those of existing US studies that focus on
only NYSE and AMEX stocks. Two, the NASDAQ market is a multiple-dealer market and its
multiple trades based on the same order might affect the recorded number of buys and sells and

hence, PIN estimates.

The initial sample covers 57,892 securities. We merge these securities with the Datastream
database to obtain their basic firm-level information by using codes provided by Thomson Reuters
terminals. For those securities that cannot be matched by Thomson Reuters codes, we manually
match them by firm names. In total, we are able to match 44,760 securities. Next, we apply filters

provided by Datastream to eliminate American Depositary Receipts, Global Depositary Receipts,

5The database was formerly known as the global TaqTic.



warrants, trusts, funds, and non-equity securities from our sample. After filtering, our sample is
reduced to 30,095 domestic stocks that belong to their respective major share class of firms and

whose primary listings are in the main stock exchange(s) of the country.

When estimating PIN, we require trades and quotes submitted during the regular trading hours
of each stock exchange. TRTH provides information on trade qualifiers. Thus, trades identified as
irregular trades or with negative trading prices are excluded. For quotes, we eliminate those with
bid-ask spreads that are greater than half their mid-point quote prices. We employ the Lee and
Ready (1991) algorithm to identify buyer- or seller-initiated trades. If quotes are missing during a
trading day, we use tick tests to classify trades and then estimate the yearly PIN parameters using
the maximum likelihood approach. It is noted that consistent with Duarte and Young (2009), our
untabulated results also show that buyer- and seller-initiated orders are positively and significantly
correlated, with mean (median) correlation coefficients of 0.543 (0.581) for stocks from developed
markets, 0.645 (0.692) for those from emerging markets, and 0.597 (0.640) for the full sample. The
magnitude of the correlation coefficients is comparable with the 0.50 median correlation coefficient
reported in Table 1 of Duarte and Young (p. 121) for their US sample. The observed correlation
coefficients in our sample of buyer- and seller-initiated orders suggest that our international analysis

ought to employ Duarte and Young’s approach to estimating PIN.

To avoid corner and local optimal solutions in our maximum likelihood estimations, we try
a set of 7,776 (i.e., 6 different initial values for each of the 5 parameters) initial values for each
maximization algorithm of PINgyo and a set of 19,683 (i.e., 3 different initial values for each of the
9 parameters) initial values for each maximization algorithm of PINpy and pick the parameters
associated with the largest maximum likelihood value. Finally, we exclude observations with PIN
estimates of zero or one, and these observations constitute on average about 5.2% of our total
sample size for PINggo estimates and 6.7% for PINpy estimates. As a result, our final sample

covers 30,095 firms across 47 countries.

It is important to stress that we have made several checks on the accuracy of the newly, untested
TRTH. First, we compare the trades from TRTH and TAQ databases for NYSE stocks reported

in our sample period. After screening out duplicate trades reported in TAQ data, the trades from



these two databases are identical. Note that Thomson Reuters has already filtered their data
in TRTH by eliminating duplicate trades from the raw exchange data before making their data
available to SIRCA. Second, we also compare trades and quotes information between TRTH and
other transactions data collected from local stock exchanges that are available to us, namely the
Australian stock exchange and Shanghai and Shenzhen stock exchanges. We find the information
from TRTH and the two exchanges to be substantially the same. Third, we also cross-check our
mean and median PIN estimates with those reported in existing studies. For example, the mean
and median PINggo estimates for NYSE stocks for the period of 1983-1998 are 0.191 and 0.185
in Easley, Hvidkjaer, and O’Hara (2002), NYSE and AMEX stocks for the period of 1983-1999 are
0.211 and 0.191 in Aslan et al. (2011), and our sample of NYSE and AMEX stocks for the period of
1996-2010 are 0.190 (mean) and 0.161 (median). Similarly, the median PINpy estimate for NYSE
and AMEX stocks is 0.17 in Duarte and Young (2009), and the mean (median) PINpy estimate
in our sample is 0.170 (0.151). While the PIN estimates are in the same order of magnitude, the
decreasing trend in the PIN estimate probably reflects the increasing financial transparency of US
markets and the implementation of an automated trading system in 2000. All these various checks

reinforce our level of confidence in the accuracy of STIRCA’s TRTH.

Table 1 presents the distributions of PINggo and PINpy estimates, together with the number
of sample firms, by country. Specifically, it reports their respective mean, standard deviation,
quartiles 1 and 3, and median value. We estimate the two PINs for each firm-year across a sample
of 16,840 firms from 22 developed countries and 13,255 firms from 25 emerging countries. The
number of firms from each country is generally proportional to the size of its economy. Among the
developed markets, Japan, the United States, and the United Kingdom have the largest number
of firms, with each having at least 2,000 firms included in our sample, whereas Luxembourg has
the smallest with only 10 firms. With the exception of India with 2,739 firms in our sample, the
largest number of sample firms from emerging economies such as China, Taiwan and Malaysia is

fewer than 2,000.

The table shows striking contrasts between the two PINs and across developed and emerging

markets. Overall, the mean, median, and both quartiles of PINgyo are consistently larger than



their PINpy counterparts. Consistent with Duarte and Young’s (2009) expectation, the larger
PINEggo estimate reflects not only the probability of informed trading, but also illiquidity effects
unrelated to information asymmetry. For the full sample of countries, average differences between
PINgpo and PINpy estimates are 0.054 (0.061) for the mean (median). Despite the difference in
their sizes, PINgpgo and PINpy estimates are highly correlated. The untabulated cross-country
correlation coefficient of the mean (median) estimate between PINgpo and PINpy is 79.2%

(80.3%).

The means of PINggo and PINpy, with few exceptions of the latter, are at least twice the
size of their respective standard deviations. The statistics indicate that emerging markets have a
larger PIN than do developed markets. Based on the mean and median values, PINggo is about
13.4%-14.6% larger in emerging than in developed markets, and PINpy is about 12.3%-13.5%
larger. Unreported p—values from the t—test for the mean differentials in PINggo and PINpy
are 0.019 and 0.029, respectively, and from the Kruskal-Wallis test for their median differentials
are 0.008 and 0.012, indicating that stocks from developed and emerging markets have statistically
different PINs. Among the developed markets, the United States has the smallest PI N estimates
of 0.190 for PINggo and 0.170 for PINpy, while among the emerging markets, China has the
smallest PINs of 0.175 for PINgpo and 0.146 for PINpy. Unlike US equity markets, Chinese
equity markets are mainly dominated by individual investors, who make up of 99.5% of the total
number of investor accounts in the markets (Ng and Wu, 2006). It is plausible that the low PIN

estimates for China predominantly arise from individual investor trading.

2.3.  The Quality of PIN as a Measure of Information Asymmetry

In our study, a majority of stock exchanges have implemented automated electronic trading
systems during our sample period from January 1996 to December 2010. Only the stock exchanges
of Egypt, Ireland, Israel, Jordan, Pakistan, Sri Lanka, the U.K., and the United States (i.e., NYSE)
started automated trading after 1996. Many of these electronic markets are organized as electronic
limit order books. This form of market structure typically has no designated liquidity provider such

as a specialist or a dealer. We recognize that such electronic order-driven markets are inconsistent

10



with the market structure type assumed in a PI N model with a central market makerm

In this subsection, we examine whether PIN estimated using order flows from electronic limit
order books actually perform as a measure of information asymmetry. We perform two different
sets of tests to evaluate the quality of PIN estimates. One test follows Easley et al. (1996) by
investigating whether PIN estimates have predictive power for spreads, and the other test examines
whether PIN estimates are associated with other measures of information asymmetry at the firm

and country levels.
2.3.1. PIN and Spreads

Easley et al. (1996) contend that if the quality of PIN estimates is adequate, then PIN should
have a positive effect on bid-ask spreads. They investigate this issue by regressing spreads on PIN.
If their model accurately estimates the probability of informed trading, they would expect the
coefficient on PIN to be positive, implying that the larger the probability of informed trading, the
wider are spreads. In addition, their regression analysis also includes trading volume to account
for any inventory effect on spreads, and if such effects matter, then trading volume would have a

negative impact on spreads.

Following Easley et al. (1996), we conduct pooled cross-country regressions of spreads, Spread,

on both PIN and stock turnover, Turnover, as follows.
Spread = 6o + 61 PIN + 02T urnover + Controls + . (4)

We compute two different measures of spreads, the effective spread (ESpread) and quoted spread
(QSpread), and for each measure, we calculate an equal-weighted and a volume-weighted average
of daily percentage spreads. We also compute the correlations between these spreads and PIN.
Untabulated results indicate that the average correlations between PINgpo and ESpread are
31.7% (full sample), 25.2% (developed markets), and 41.1% (emerging markets), and those between
PINpy and ESpread are 19.1%, 15.8%, and 24.1%. Correspondingly, the average correlations

between PINgpo and QSpread are 31.7% (full sample), 24.4% (developed markets), and 44.3%

"While there is no market making in electronic automated trading systems, the experimental study of Bloomfield,
O’Hara, and Saar (2005) shows that a market-making role still arises endogenously in the electronic markets.

11



(emerging markets), and those between PINpy and QSpread are 19.8%, 15.6%, and 26.9%. All
these statistics suggest that both PI N measures are positively and strongly correlated with spreads,
consistent with those of Easley et al. (1996). Results in Table 2 further reinforce these findings,
thereby validating the quality of PIN estimates. Both PINgpo and PINpy have strong positive

effects on the two different measures of spreads, while Turnover displays a strong negative effect.

2.3.2. PIN and Proxies for Information Asymmetry at Firm and Country Levels

We now turn to testing the quality of PIN by verifying whether PIN is strongly associated
with other measures of information asymmetry that are extensively employed in extant empirical
studies. If PIN actually provides an estimate of the probability of information-based trading for
each stock, then it should be highly correlated with other measures of information asymmetry. To
address this issue, we regress PIN on several firm- and country-level information proxies, separately,
while controlling for variables that can potentially affect the relationship between PIN and the

information proxy in question.

Drawn from the existing literature, the firm-level measures of information asymmetry are the
number of analysts following a firm (Analysts), analyst forecast dispersion (F Disp), press cover-
age of the firm (Press), firm age (Age), MSCI membership (M SCI), and closely-held ownership
(CHeld), with control variables including log of total assets (T'Assets), log of book-to-market
(BM), leverage (Leverage), return on total assets (ROA), American Depositary Receipts (ADR),
research and development scaled by total assets (R&D), and stock return volatility (oget). The
country-level proxies for information asymmetry are a country’s accounting standard index (AcStd),
disclosure requirement index (D Req), newspapers circulation (Newspapers), capital market gov-
ernance (CM @), and financial transparency factor (FTran), as well as control variables, namely
GDP per capita (GDPC), stock market capitalization deflated by GDP (M Cap), ratio of private
credit to GDP (Credit), annual GDP growth (GDP,), standard deviation of GDP over the past
five years (ogpp), market segmentation measure (SEG), and law and order index (Law & Order).
All these variables are defined in Appendix B. Panel A of Table 3 shows pooled cross-country re-

gressions of firm-level PIN on each information proxy as well as control variables at the firm level,

12



whereas Panel B reports regression results of the country-median PIN against each country-level

information proxy while controlling for country characteristics and year fixed eﬁectsﬁ

Several notable observations emerge from Table 3. Panel A shows that PIN is strongly asso-
ciated with the level of a firm’s information asymmetry measured using the extent of its analyst
coverage and the earnings forecasts dispersion (Analysts and F Disp). The estimated coefficients
on analyst coverage and forecast dispersion are all statistically significant at conventional levels.
Similarly, firms with wide press coverage, older firms, firms with M SCI membership, and those
that are less closely held ought to be associated with a low level of information asymmetry and
hence, have low PINs. For instance, the coefficient estimates of Press, Age, MSC1I, and C Held in
M3-M6, where PINgpo is the dependent variable, are —0.008 (t = —18.02), —0.000 (t = —8.29),
—0.028 (t = —33.65), and 0.020 (¢ = 15.94), respectively. Similar qualitative results are obtained
in M9-M12, where PINpy is the dependent variable. These findings suggest that more serious ad-
verse selection problems are evident in firms with low quality of analyst coverage or press coverage,
small firms, firms whose stocks are not index members, and concentrated ownership firms. More
importantly, our estimates of PINgprgo and PINpy are able to reflect these adverse information

costs, indicating that the quality of both PIN estimates is reasonable.

Country-level results presented in Panel B further reinforce our earlier findings about the quality
of PIN estimates. The panel shows that PIN is strongly and negatively associated with all the
different information proxies at the country level, indicating that PIN decreases as the country’s
level of information asymmetry falls. All the coefficients of these information variables, except for

FTran in M10, are statistically significant at the 5% level.

The overall results suggest that the two different PIN measures provide adequate estimates
of the probability of information-based trading in stocks from markets with electronic limit order
books. Even though these findings are robust, we acknowledge that some concerns about measure-

ment error of PIN still remain. Hence, our evidence should be interpreted with caution.

8The results remain qualitatively the same if we use value-weighted PIN as the dependent variable.
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3. PIN and Equity Prices Around the World

In this section, we employ two different approaches to testing the pricing of PIN in an inter-
national framework: (i) We first look at the distribution of stock returns across portfolios of stocks
single-sorted on PIN and double-sorted on Size and then PIN; (ii) We test whether PIN affects

cross-sectional expected stock returns using Fama and French’s (1992) asset pricing framework.

3.1. FEzxcess Returns and Risk-Adjusted Returns of Portfolios formed on PIN and on Size
and PIN

In Table 4, we examine the time-series association between PIN and portfolio excess returns
for the period from 1997 to 2011. We compute time-series average monthly excess returns and
risk-adjusted returns, Alphas, of global portfolios of stocks single-sorted on PIN and of stocks

double-sorted on Size and then PIN.

We form single-sorted PIN quintile portfolios as follows. For each year and for each country,
we first rank stocks based on their prior-year PIN estimates from the lowest to the highest and
then group these stocks into quintiles based on their ranked PINs. We then combine stocks of the
same PIN quintile-ranking across all countries into a global PIN-ranked quintile. For example,
the Low PIN portfolio consists of stocks in the lowest PIN quintile portfolio from their respective
countries, and the High PIN portfolio contains those from the highest PIN quintile portfolio.
We repeat this procedure annually. For double-sorted portfolios, we do the same, except that we
first form three groups of stocks from each country based on their prior-year market capitalization
(Size), and within each Size portfolio, we form five groups of stocks based on their prior-year
PIN estimates. Similar to single-sorted portfolios, we aggregate all stocks of the same Size-PIN
rankings across countries into global Size-PIN portfolios. For each global portfolio of stocks, we
compute its time-series value-weighted average of raw returns in excess of a 30-day US Treasury

bill rate.

To obtain the Alpha of a portfolio, we regress each monthly global portfolio excess returns

against Fama-French global factors for the global market portfolio (M KT%), market capitalization
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(SM B®), and book-to-market (HML%),
r$y = Alpha + BMKTS + hHMLY + sSMB{ + &, (5)

where Tgt is the monthly global portfolio return in excess of a 30-day US Treasury bill rate, the
intercept Alpha is the risk-adjusted return, and M KT is the global market index excess return.
SMB® and HML® are constructed as follows. For each country and each year, country-level
SMBC® and HMLC factors for July of year ¢ to June of year ¢t + 1 are constructed using six value-
weighted portfolios formed at June-end of year ¢ on the intersection of two Size portfolios and
three BM portfolios. The size breakpoint is determined by the median market capitalization of
the country at June-end of year ¢, with firms below the median classified as small firms and those
above as big firms. The BM breakpoints are 30th and 70th percentiles of firm BMs of the country
at the fiscal year ending ¢ — 1, with the top 30% of firms grouped as the value portfolio, the middle
40% as the middle portfolio, and the bottom 30% as the growth portfolio. The SM B¢ factor is
the difference in the monthly average return between the three small portfolios and the three big
portfolios, and the HMLC factor is the difference in the monthly average return between the two
value portfolios and two growth portfolios. We group country-level HM LC factors together to form
the global HM LS factor and country-level SM B factors together to construct the global SM B¢

factor.

Panel A of Table 4 provides average excess returns and Alphas for PIN-sorted global portfolios
of stocks, while Panel B presents those of Size-PIN sorted global portfolios. Results of Panel A
show no systematic pattern of a positive relationship between PIN and portfolio excess returns.
Instead, we find that the average excess returns and Alphas tend to be larger for Low than for
High PIN portfolios, and that this pattern persists across portfolios formed on either PINggo
or PINpy. Differential excess returns and Alphas are smaller for High—Low PINpy portfolios,
compared with those for High—Low PINggo portfoliosﬂ But none of these differential excess
returns and Alphas are statistically different from zero, consistent with Duarte and Young’s (2009)

findings that PI Npy has no effect on expected stock returns.

9The differential results are not surprising, because PINggo contains both asymmetric information and liquidity
components, whereas PI Npy is only associated with the asymmetric information component.
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Similar to Panel A, Panel B depicts larger excess returns and Alphas mostly in Low than in
High PIN portfolios, holding size constant, but again, the differences are statistically insignificant
at conventional levels. Our overall findings suggest no apparent evidence of any correlation between
excess returns or Alphas and PIN. While our results differ from those of Easley, Hvidkjaer, and
O’Hara (2002), they are consistent with the findings reported in Mohanram and Rajgopal (2009).
Easley, Hvidkjaer, and O’Hara show that PIN is positively associated with excess returns for the
sample period between 1983 and 1998 and that the difference between high and low PIN excess
returns is smaller in small than in large stocks. They argue that private information tends to have
a greater impact on price for small stocks than for large stocks. On the other hand, Mohanram and
Rajgopal employ a longer sample period of 1984-2002, but find that the spread in returns between

the highest and lowest PIN deciles is no longer statistically significant at conventional levels.

Overall, the time-series regression results provide no evidence that asymmetric information
proxied by PIN has any effect on equity prices. In subsequent subsections, we provide further

analyses to examine whether PIN is priced in a cross-sectional asset pricing framework.

3.2.  PIN and the Cross-Section of Expected Equity Returns

In this subsection, we conduct asset pricing tests similar to those employed by Easley, Hvidkjaer,
and O’Hara (2002) and Duarte and Young (2009) to examine whether the asymmetric information
or illiquidity component of PIN is priced in an international setting. Table 5 reports time-series
averages of the estimated coefficients from cross-sectional regressions of excess stock returns against
PIN and with combinations of PSOS and Illiquidity, while controlling for previously found return
predictors, namely the log of book-to-market equity ratio (BM ), log of market capitalization (Size),
country market beta (8¢ ), and global market beta (5¢). The definitions of all the variables together
with their data sources are contained in Appendix B. The table also shows time-series averages of
the regression slope coefficients, together with their robust ¢t—statistics in parentheses, for the full

sample of firms from 47 countries and sub-samples of firms from developed and emerging markets.

The table reveals several distinctive results. First, our findings show a negative and mainly

statistically insignificant PINggo coefficient. The negative PINgpo coefficient, however, seems
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counter-intuitive, because it suggests that the expected return is decreasing in information risk.
Although this finding contradicts Easley, Hvidkjaer, and O’Hara’s (2002) result that PIN reflects
information risk systematically priced by investors, it is consistent with the US evidence documented
in Mohanram and Rajgopal (2009). The latter employ the implied cost of capital as a proxy for
the expected return and show the PINgro coefficient to be negative and not robustly significant
at conventional levels. They therefore argue that the pricing of PINggo is sensitive to alternative
specifications and time periods. Our findings further reinforce their results by also showing that
the effect of PINggo on the cross-section of expected returns is not robust across international

markets.

Second, the results based on PINpy are broadly consistent with Duarte and Young’s (2009)
findings that PINpy exhibits no effect on expected returns, suggesting that asymmetric information
associated with PINgpo is not priced. Illiquidity continues to maintain its level of significance
in all model specifications. The role of illiquidity in asset prices is not only shown in Duarte and
Young’s study of US equity markets, but also consistent with the recent evidence documented in
Lee (2011) that liquidity risk is priced in international financial markets. We also show that only
the book-to-market effect is strongly significant and positive, and that other conventional proxies
for firm risk, such as country and global market betas as well as Size, are insignificantly related to
the cross-section of expected stock returns. These findings are also reported in both Duarte and

Young and Lee.

Third, when PSOS and PINgpo are estimated jointly in model M3, the coefficient of the
illiquidity component PSOS, not associated with information asymmetry, is statistically significant
and negative. A similar result is obtained when PINpy is used in place of PINggo in model M11.
These results seem to contradict Duarte and Young’s (2009) finding of a positive PSOS impact on
expected US stock returns for the period from 1983 to 2004. They interpret that high PSOS stocks
tend to be very illiquid and hence, have a positive illiquidity premium. While it is plausible that
the difference in results may be due to the different sample periods employed in both studies (our
sample period is 1996-2010 and theirs is 1983-2004), we concede that the negative PSOS coefficient

is puzzling. We, however, leave this puzzle for future research.
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One may argue that our results are likely driven by orders submitted by algorithm trading
implemented in a multiplicity of markets around the globe. The increase in high-frequency trading
accounts for the majority of trading volume in today’s markets (see Easley, Lépez de Prado, and
O’Hara, 2012). Such trading algorithms are designed to delay or accelerate trading in reaction to
market events within milliseconds. For example, traders may split large orders into multiple small
orders, and such orders occurring in short intervals are not truly independent observations. To rule
out this alternative interpretation, we calculate the numbers of buyer- and seller-initiated orders
by aggregating orders on the same side of the market over short intervals into a single observation
in the following ways: (i) aggregating sequential trading at the same price if there is no update
in quotes (PIN'), (ii) aggregating sequential trading within 15 seconds if there is no update in
quotes (PIN?), and (iii) aggregating sequential trading if there is no update in quotes (PIN?3). We
replicate key regression models of Table 5 (i.e., M5 and M12) using these revised PIN estimates;
the results presented in Table 6 remain materially unaltered, suggesting that our main findings are

robust to high-frequency trading.

4. Additional Tests

Consistent with theoretical argumentsm our earlier evidence of a generally insignificant PIN
effect on expected returns possibly suggests that information-risk measured by PIN is diversifiable.
Thus, it is likely that we can find similar evidence using alternative information-based trading
measures. This motivates us to exploit the richness of our database to test whether information risk
proxied by alternative trading-based information measures can explain the cross-section of expected
stock returns in international markets. If the alternative information-based trading measures, while
not PIN, have a significant positive effect on expected stock returns, then we argue that PIN may
not be a good proxy for information asymmetry. On the other hand, if the alternative trading-
based information measures also exhibit no significant impact on expected stock returns, then we

interpret that information risk related to trading-based measures, in general, is not priced.

Given that we cannot exhaust the many different measures of informed trading in the existing

19See Fama (1991), Hughes, Liu, and Liu (2007), and Lambert, Leuz, and Verrecchia (2007).
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literature, we select the following four measures that we consider to be more popularly employed
in extant empirical studies. The first measure is Hasbrouck’s (1991) measure of relative trade

informativeness, R2, (equation (6), p. 577), and

2
2 _ Owsz
Ry, =—". (6)
Uw
R? is the coefficient of determination in a regression of price innovation w on trade innovation z.

w reflects the market’s updates to the available information set, whereas = reflects the market’s
signal of private information through trading. The second measure is Huang and Stoll’s (1996)

percentage price impact measure, % PImpact,

2 % Qit X (M 4430 — M)
M; ’

%PImpact = (7)

where Q;; is a binary variable that equals +1 for buyer-initiated orders and —1 for seller-initiated
orders; M; ;430 is the mid-point of the first quote reported at least 30 minutes after the transaction.
%PImpact incorporates liquidity providers’ quote revisions following a series of buyer- or seller-
initiated orders. We employ Huang and Stoll’s (1997) adverse selection component as the third

measure (equation (23), p. 1014).

AM = (0 +5)5Qu 1 —as(1—2mQu s +e (s)

where M, is the quote midpoint calculated from bid-ask quotes that occur just before a transaction,
S is a constant spread, m is the probability of trade reversals, and ); is a buy-sell trade indicator
that equals +1 for a buyer-initiated trade and —1 for a seller-initiated. « is the adverse selection
component of the half-spread, and § is the inventory holding component. The conditional expec-
tation of the trade indicator at time ¢t — 1, given Q_2, is shown in equation (21) of Huang and

Stoll,
E(Q-1]Qi—2) = (1 = 2m)Q¢—2. 9)
Esimating the preceding two equations simultaneously, we obtain an estimate of the adverse selec-

tion component, «, and label it afg. The last measure is the asymmetric information parameter

derived from Madhavan, Richardson, and Roomans’s (1997) model for transaction price changes
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(equation (4), p. 1042)E
pr—pi—1 = (0 +0)xy — (04 pO)xi—1 + €t + & — &—1, (10)

where p; — py—1 is the change in transaction prices, ¢ is the cost of supplying liquidity, 6 is the
asymmetric information parameter, p is the autocorrelation of the order flow, and x; is the trade
initiation variable. To distinguish the different notations used in this study, we use 0;rr to denote

the asymmetric information parameter 6.

We proceed to replicate Fama-MacBeth regressions of M2 and M5 from Table 5 using the
above four different information-based trading measures, as well as three different first principal
components denoted by PComp', PComp?, and PComp?®. PComp' (PComp?) is the first principal
component extracted from performing a principal component analysis on PINggo (PINpy), ags,
Orirr, %PImpact, and R?,, while PComp? is extracted using all six measures altogether. Results

are shown in Table 7.

Consistent with those of Table 5, information-based trading measures, in general, exhibit no
strongly significant effect on expected stock returns; only Huang and Stoll’s (1996, 1997) private-
information measures, %PImpact and agg, have a marginally significant effect. The coefficient
estimates of %PImpact and apg are 18.738 (¢t = 1.76) in M3 and 10.641 (¢ = 1.88) in M5,
respectively. But when jointly estimated with Illiquidity, they become statistically insignificant.
1lliquidity, however, continues to have a consistently, positive effect on expected stock returns.
Overall, these results suggest that information risk proxied not only by PIN, but also by four

alternative trading-based measures, in general, is not robustly priced.
5. Summary

The pricing of information asymmetry has become a recent subject of debate in both theoretical
and empirical asset pricing and microstructure literatures. On the one hand, Easley et al. (1996),
Easley, Hvidkjaer, and O’Hara (2002), and Easley and O’Hara (2004) provide theoretical arguments,

with supporting empirical evidence, that information risk associated with PIN is priced. On the

1See Madhavan, Richardson, and Roomans (1997) for the assumptions underlying this model specification.
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other hand, theoretical models of Hughes, Liu, and Liu (2007) and Lambert, Leuz, and Verrecchia
(2007) yield empirical implications that are at variance with those in Easley and O’Hara (2004).
Specifically, their models imply that information risk is potentially idiosyncratic in nature and
hence, fully diversifiable. Empirically, Duarte and Young (2009) also find no evidence that PIN
is a priced information risk. Our study contributes to this controversy over the pricing effect of
PIN by subjecting PIN to more rigorous tests but in an international setting. To the best of our
knowledge, our investigation represents the first to examine the asset pricing implications of PIN

for a large cross-section of international firms from a wide spectrum of countries around the world.

We estimate both Easley, Hvidkjaer, and O’Hara’s (2002) and Duarte and Young’s (2009)
PINs (PINggo and PINpy) for a sample of 30,095 firms from 47 countries worldwide for which
we have intradaily transactions data to estimate their stock-level PINs over a 15-year period from
1996 to 2010. Our international sample expands the US samples employed by Easley, Hvidkjaer,
and O’Hara and Duarte and Young, whose sample periods span from 1983 to 1998 and from
1983 to 2004, respectively. During our sample period, all stock exchanges, including those of the
United States, have moved to adopt an automated electronic limit order book system. Such a
system, however, differs from the market structure with specialists that the PIN model assumes.
Therefore, we perform two tests to ensure that PIN indeed captures the probability of informed
trading for our sample of stocks as we have expected. Results validate the reasonableness of PIN
quality by showing that both PINggo and PINpy predict spreads in accordance with theoretical
arguments, and that they are strongly correlated with other measures of firm- and country-level

private information widely employed in existing studies.

Our analysis shows robust evidence that PIN exhibits no positive relationship with expected
stock returns. This finding not only reinforces Duarte and Young’s (2009) result that the infor-
mation asymmetry associated with PIN is not priced, but also suggests that the pricing of PIN
is not robust across international markets. We further explore whether other proxies for infor-
mation asymmetry, specifically alternative information-based trading measures, have any effect on
expected stock returns. Drawn from the existing literature, we employ four widely adopted trading-

based measures of asymmetric information and find evidence consistent with our main findings that
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information risk related to trading-based measures is not systematically priced by investors in in-
ternational markets. This finding suggests that one needs to be cautious when interpreting results

of earlier studies that rely on PIN as a priced information risk.
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Table 1

Summary Statistics of PINgyo and PINpy by Country
This table reports the mean, median, standard deviation (Std), and quartiles 1 and 3 (Q1 and Q3) of the probability of informed
trading (PIN) constructed using the Easley, Hvidkjaer, and O’Hara (2002) approach (PINggo) and of the adjusted PIN suggested
by Duarte and Young (2009) (PINpy ). It also presents the type of market (emerging, EMG; or developed, DEV) and the number
of firms in our sample (N Firms). See Appendix A for the starting year of availability for intraday data used to compute PIN for
firms in each country. The sample period is from 1996 to 2010.

Type of Distribution of PINEo Distribution of PINpy

Country Market  NFirms  Mean Std Q1 Median Q3 Mean Std Q1 Median Q3

Argentina EMG 81 0.354  0.120 0.266 0.338 0.427 0.277 0.129 0.183 0.251 0.335
Australia DEV 1,946 0.284 0.091 0.228 0.278 0.333 0.184 0.089 0.122 0.168 0.223
Austria DEV 81 0.276  0.119 0.199 0.263 0.325 0.226 0.101  0.157 0.206 0.266
Belgium DEV 148 0.265 0.110 0.196 0.249 0.308 0.199 0.095 0.129 0.180 0.244
Brazil EMG 152 0.288 0.100 0.217 0.270 0.352 0.240 0.096 0.180 0.217 0.275
Canada DEV 1,210 0.272  0.095 0.208 0.260 0.323 0.239 0.098 0.173 0.221 0.286
Chile EMG 113 0.318 0.101 0.244 0.316 0.378  0.291 0.114  0.208 0.275 0.366
China EMG 1,791 0.175 0.072 0.131 0.163 0.201 0.146 0.069 0.100 0.125 0.183
Denmark DEV 217 0.268 0.097 0.206 0.258 0.310 0.175 0.086 0.115 0.159 0.205
Egypt EMG 200 0.339 0.120 0.245 0.328 0.423 0.283 0.119 0.194 0.262 0.351
Finland DEV 148 0.236  0.077 0.189 0.236 0.278 0.204 0.093 0.142 0.186 0.243
France DEV 829 0.241  0.093 0.183 0.234 0.284 0.206 0.084 0.149 0.193 0.250
Germany DEV 936 0.206 0.088 0.155 0.191 0.234 0.195 0.091 0.136 0.178 0.229
Greece EMG 337 0.250 0.091 0.186 0.228 0.291 0.221 0.099 0.152 0.197 0.260
Hong Kong DEV 1,086 0.278  0.080 0.228 0.273 0.320 0.186 0.079 0.134 0.174 0.219
India EMG 2,739 0.263  0.088  0.200 0.254 0.316 0.195 0.088 0.138 0.178 0.224
Indonesia EMG 399 0.385 0.112  0.309 0.375 0.448 0.275 0.096 0.210 0.259 0.320
Ireland DEV 59 0.262 0.084 0.207 0.252 0.316  0.234 0.103 0.158 0.213 0.288
Israel EMG 644 0.268  0.093 0.208 0.257 0.309 0.238 0.101 0.169 0.220 0.281
Italy DEV 344 0.220 0.078 0.168 0.211 0.263 0.173 0.081 0.121 0.154 0.199
Japan DEV 2,902 0.233  0.087 0.168 0.221 0.285 0.207 0.100 0.134 0.187 0.251
Jordan EMG 226 0.349 0.101 0.279 0.341 0.411 0.286 0.113 0.202 0.262 0.359
Luxembourg DEV 10 0.379  0.130 0.287 0.346 0.460 0.222 0.116 0.128 0.207 0.276
Malaysia EMG 1,145 0.315 0.079  0.260 0.309 0.361 0.234 0.084 0.183 0.220 0.266
Mexico EMG 115 0.317  0.115 0.226 0.303 0.399 0.269 0.114 0.188 0.251 0.331
Netherlands DEV 158 0.214 0.083 0.156 0.204 0.258 0.210 0.100 0.140 0.187 0.248
New Zealand DEV 129 0.364 0.179 0.238 0.312 0.461 0.336 0.160 0.215 0.309 0.442
Norway DEV 278 0.276  0.092 0.215 0.272 0.326  0.237 0.102 0.164 0.217 0.282
Pakistan EMG 418 0.314 0.094 0.247 0.305 0.368 0.238 0.098 0.171 0.217 0.290
Peru EMG 63 0.391 0.099 0.327 0.381 0.436  0.327 0.121  0.240 0.310 0.402
Philippines EMG 223 0.330 0.090 0.265 0.321 0.388 0.251  0.090 0.196 0.237 0.292
Poland EMG 392 0.296  0.090 0.241 0.284 0.339 0.241 0.095 0.179 0.224 0.275
Portugal EMG 57 0.294 0.126  0.200 0.285 0.356  0.251 0.112 0.166 0.231 0.307
Russia EMG 264 0.288 0.106  0.210 0.279 0.347 0.221  0.090 0.157 0.201 0.266
Saudi Arabia EMG 137 0.257  0.116 0.183 0.240 0.303 0.200 0.081 0.149 0.181 0.228
Singapore DEV 801 0.297  0.080 0.245 0.290 0.341 0.180 0.083 0.123 0.165 0.217
South Africa EMG 449 0.305 0.105 0.231 0.297 0.371  0.260 0.113 0.180 0.241 0.322
South Korea EMG 802 0.237  0.075 0.185 0.225 0.275 0.202 0.076 0.155 0.185 0.225
Spain DEV 153 0.208 0.071 0.159 0.199 0.245 0.175 0.088 0.115 0.151 0.201
Sri Lanka EMG 194 0.320 0.110 0.248 0.306 0.376  0.207 0.095 0.140 0.193 0.255
Sweden DEV 504 0.241  0.080 0.190 0.230 0.278 0.219 0.096 0.155 0.196 0.255
Switzerland DEV 275 0.282 0.098 0.216 0.269 0.328 0.246 0.101 0.177 0.225 0.297
Taiwan EMG 1,413 0.219 0.083 0.161 0.201 0.256 0.178 0.094 0.118 0.147 0.202
Thailand EMG 572 0.306  0.105 0.237 0.281 0.346  0.217 0.075 0.174 0.205 0.245
Turkey EMG 329 0.220 0.062 0.181 0.207 0.244 0.180 0.073 0.140 0.162 0.195
United Kingdom DEV 2,269 0.247 0.098 0.180 0.238 0.297 0.221 0.107 0.148 0.199 0.261
United States DEV 2,357 0.190 0.098 0.121 0.161 0.235 0.170 0.082 0.112 0.151 0.201

DEV 16,840 0.261  0.096 0.197 0.248 0.309 0.211  0.097 0.143 0.192 0.254
EMG 13,255 0.296  0.098  0.228 0.284 0.349 0.237 0.098 0.171 0.218 0.282
ALL 30,095 0.279  0.097 0.213 0.267 0.330 0.225 0.097 0.158 0.206 0.269
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Table 6
Robustness Tests Using PIN Estimates Based on Different Order-Aggregation Methods

This table repeats Fama-MacBeth regressions of M5 and M12 of Table 5 using PIN esti-
mated from the number of buy or sell orders by (i) aggregating sequential trading at the
same price if there is no update in quotes (PIN?'), (ii) aggregating sequential trading within
15 seconds if there is no update in quotes (PIN?), and (iii) aggregating sequential trading if
there is no update in quotes (PIN?). It shows time-series averages of the slope coefficients
from the following cross-sectional regression.

Tit41 = ’Yo+71P1Nf+72[lliqmdityit+73ﬂi,(;t+V45¢,Ct+75BMz't +v6Sizei +eir1. (13)

rit+1 18 the monthly stock return of firm ¢ in excess of a 30-day US Treasury bill rate at
time t 4+ 1; PIN is the probability of information-based trading estimated using the EHO
framework (PINgpo) or Duarte and Young’s (2009) approach (PINpy); Illiquidity is the
Amihud illiquidity measure; Sa (8¢) is the covariance of the stock return with the global
(country) market returns over the past five years divided by the global market (country)
return variance, where country index return is orthogonalized to the global market return;
BM is the log book-to-market ratio of the firm; Size is the log firm market capitalization;
€ is a forecast error. All variables are defined in Appendix B. Monthly excess returns are
from January 1997 to December 2011 and firm-specific variables are from 1996 to 2010. All
t—statistics reported in parentheses are based on Newey-West standard errors.

PINL,, PIN%,, PIN3,, PINL, PIN%, PIN3,

Variable M1 M2 M3 M4 M5 M6
PIN# -0.638 -1.062 -0.818 -0.265 -0.146 -0.493
(-3.20) (-3.90) (-3.32) (-1.58) (-0.65) (-2.81)
Tliquidity 0.090 0.093 0.090 0.081 0.088 0.090
(2.79) (2.84) (2.74) (2.53) (2.68) (2.82)
Ba 0.036 0.039 0.031 0.027 0.027 0.038
(0.22) (0.23) (0.18) (0.16) (0.16) (0.22)
Be 0.012 0.006 0.028 0.027 0.027 0.042
(0.17) (0.08) (0.39) (0.40) (0.38) (0.52)
BM 0.438 0.443 0.443 0.435 0.452 0.440
(5.79) (5.87) (5.90) (5.63) (5.91) (5.69)
Size 0.130 0.129 0.132 0.109 0.132 0.139
(2.02) (1.98) (2.05) (1.69) (2.04) (2.16)
Intercept -0.137 -0.040 -0.160 0.004 -0.292 -0.360

(-0.15) (-0.04) (-0.18)  (0.00)  (-0.33)  (-0.40)

Country FE Yes Yes Yes Yes Yes Yes
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Appendix A
Stock Exchange and Starting Years of Automated Trading and Transactions Data by Country

This table lists the exchange(s) whose stocks are included in this study and the starting year of its (their) electronic
limit order book system, which is obtained from Jain (2005), and of its global transactions data from TRTH database
by country.

Starting Year

Country Stock Exchange(s) Automated Trading TRTH Data
Argentina Buenos Aires Stock Exchange 1995 1998
Australia Australian Stock Exchange 1987 1996
Austria Vienna Stock Exchange 1996 1996
Belgium Euronext Brussels 1996 1996
Brazil Sao Paolo Stock Exchange 1990 1998
Canada Toronto Stock Exchange 1977 1996
Chile Santiago Stock Exchange 1989 2002
China Shanghai and Shenzhen Stock Exchanges 1990 1996
Denmark Copenhagen Stock Exchange 1988 1996
Egypt Cairo Stock Exchange 1997 1996
Finland Helsinki Stock Exchange 1988 1996
France Euronext Paris 1986 1996
Germany Frankfurt Stock Exchange 1991 1996
Greece Athens Stock Exchange 1992 1996
Hong Kong Hong Kong Stock Exchange 1986 1996
India Mumbai Stock Exchange 1995 1996
Indonesia Jakarta Stock Exchange 1995 1996
Treland Irish Stock Exchange 2000 2000
Israel Tel Aviv Stock Exchange 1997 1996
Ttaly Milan Stock Exchange 1994 1996
Japan Tokyo Stock Exchange and Osaka Securities Exchange 1982 1996
Jordan Amman Stock Exchange 2000 2000
Korea Korea Stock Exchange 1988 1997
Luxembourg  Luxembourg Stock Exchange 1991 1999
Malaysia Kuala Lumpur Stock Exchange 1992 1996
Mexico Bolsa Mexicana de Volores 1996 1996
Netherlands Euronext Amsterdam 1994 1996
New Zealand New Zealand Stock Exchange 1991 1996
Norway Oslo Stock Exchange 1988 1996
Pakistan Karachi Stock Exchange 1997 2001
Peru Lima Stock Exchange 1995 1998
Philippines Philippine Stock Exchange 1993 1996
Poland Warsaw Stock Exchange 1996 2001
Portugal Euronext Lisbon 1991 1996
Russia Russian Trading System 1994 1996
Saudi Arabia  Saudi Stock Exchange 1990 2002
Singapore Singapore Stock Exchange 1989 1996
South Africa  Johannesburg Stock Exchange 1996 1996
Spain SIBE-Mercado Continuo Espanol 1989 1996
Sri Lanka Colombo Stock Exchange 1997 1998
Sweden Stockholm Stock Exchange 1989 1996
Switzerland Swiss Exchange 1996 1996
Taiwan Taiwan Stock Exchange 1985 1996
Thailand Thailand Stock Exchange 1991 1996
Turkey Istanbul Stock Exchange 1993 1996
UK. London Stock Exchange 1997 1996
U.S. AMEX and NYSE 2000 (NYSE) 1996

34



urearjseie(]

odoospriopn

wreaIjseIe(J

wreaIjseIe(J

HIML

wreaIjseIe(J

HIYL

HIML

HIML

HIYL

wreaIjseIe(J

HIYL

HIML

$S Ul pojeurwiousp uoryezireiided joxrewt Jo 307
orpel Aynbe joyrew-o01-yooq jo 30

WINJOI XoPpUl joxIeuW [RqO[3
9} 0} POZI[RUOSOYLIO SI WINJOI XopUl AIJUNOD 9IoYM ‘9OURLIBA WINJOI XopUl AIjunod Aq
POPIAIP SIeaA oAl 3sed I9A0 WINYOI Xopul AIJUNO0D 97} [HM WINJDI YD09S 1} JO dIURLIRAO))

QOURLIRA WINJSI XOPUI Ja¥IeW [RJO[S oY) AQ POpPIAID
sread oAl jsed I9AO WINJSI XopUl 19y IBW [BCO[3 oY1 [IIM WINJel JD0IS Y} JO 9OURLIBRAO))

yoroadde
s, 8uno ue 91Ien(] SUISN PIIRUWIISY SYOOYS MO[-IOPIO ILIIOWUWIAS JO AIMIqeqot
600¢) S. AP J sulsn p I o0 B-1op ! ¥ qeqoad

Jurpue)sino

SoIeys JO IoquINU o) AQ Po[eds popel} SoIeys JO IoquInu [ejo} A[rep Jo o8eioae jo 30T

(4

oot1d uorjoRsURI) O} ST J PUR (CEE=T%]

= J§ oIoym "} ‘sproids pojonb ofejusored A[rep Jo oFviore PojySrom-oWIN[OA
z

oot1d uorjoesuRI) O} SI J puUe (ZEE=Tm)

= Jy oloym hﬂx@mi ‘speoids pojonb oFejuediod Afrep jo oFeloar pojySrom-enbry

z

oorid worjoesuRI} 9Y) ST  PUR oot

= JN oIoym “} ‘speaids oA1108Jo agejusdrad A[rep JO oSeIoAR POYIIOM-OWN[OA

z

ootrd uworjoResuRI) O} ST 4 pUR (ZrEE=Tm]

¢ ‘speaids oA1j0afe oSdejuedied Afrep Jo oSrieAr pejySrem-enbry

= W dW™UYM ‘ot 2 Tz
Aep USAIS ® UO SWIN[OA IR[[Op AQ POPIAIP UIN}OI

30018 JO oneA 9IM[OSCR A} S8 PIIR[NO[RD oInseoW (g00g) S,pnylury A[rep jo a3eioae Jo S0

oroxdde (600g) S, SuUnog pue olren(] SUISn PajonI)suod SUIPLI) POULIOUI JO AY[Iqeqol]

yoeoxdde
s ere ue ‘Ior[MpPIAY ‘Ao(ser Sulsn polonIjsuod Suipel) POULIOIUI JO AI[IqRJOI
¢00¢) s.BI®HO P PIAH AS[SBY sulsn p Ip P Jut J qeqold

2218

wd

og

og

SOSd

so[qerrep 1s9J, SuIdIIJ 19SSV

LI0OULTY T,

MAppaudg P

MAPDa.4dg )

MApDIUdG 5T

MEApD24d Gy

figgpanbup)
so[qertep Apmbiy

AANTT

OIMC/NNQ
Sso[qelIBA N [d

90anog eje(

uon UYL

s[qerIeA

20JN0g eje( PUe UOIIUYD(] d[(eLIeA

q xipuaddy

35



opIMY) ISTY AIIUNO,) [RUOIYRILIDIU]

urearseje([
s109e01pu] JUSTAO[PAS(] PIIOM

s10yeorpu] yuewrdo[aAs(] PIIOAA

s10yeo1pu] Juowdo[oAd(] PIIOAN
s109eo1pu] Juowdo[PAd(] PIIOAA

s109e01pu] JUeTdO[PAd(] PIIOA

adoospriopy
wreaI)seIR(]
wreaI)seIR([
oeJuasRY
SddI
SddI

wreaI)seIR(]
odoosprIopn
sooanos o[dIynN
odoospriopn
odoospriop\
adoospriopy

‘me] 99 Jo soueAtssqo rendod
pue wolsAs [e39] oY) Jo Ajfernreduwt pue [)3UsI)s oY) SOINSLIUW OIYM XOPUI JIOPIO pue mer|

UOI)RUDUIIOS JOXIRUI D03S JO aInseow (11(g) S, T8 10 1oeogq

SIe9A G 9se[ o1} JoAO [[}IMOIS J(I¥) [eNUUR JO UOI)RIASD pIepuUR}S

IMoI3 J5 [enuuy’

"9[(BATODAI SHUTIODD® IT[}0

pu®R S)IPoId opeI} pur ‘sennmods Ajmbe-uou jo seseyoind ‘suvo] Y3noiIyy ‘10900s oyearid
9} 09 9[qR[IRAR SODINOSAI [RIOURUY 0] SIOJAI 1IPAID 91RALI] "J(IX) Aq Pojegep IIPaId 9)RALI]
daO Aq peyepgep uorjezife)ided joxIew JD09S

$SN ur paanseaw eyideo 1od JOx) jo 8o

SISp[OYaIRYS SUI[[OIJU0D PUR SISPISUL AQ P[OY A[9SO[D SAIRYS JO UOIJORI

Xopul AIjUnod [HGIN Uk Ul PIPNOUT ST ULIY S} JT ouo sfenbs yorym ‘Awrmump Ioquuewr TSN
99ep JUOLIND 0} 91BP PIISI[ O} WOIJ STE9A JO JoquIn N

IeoA USAIS ' Ul WLIY ® UO soses[al ssead Jo requnu snid auo jo 3o

oot1d 003s Aq paeds s1Se0a10] ISATRUR JO UOIJRIASD pIepu®)s Jo 0]

wy e SULISA0D SISATeue [RIDURUY JO IOQUINN

424 73 MO
OHS
ddvo

qan

1paL)
doH N
oddon

SO19SLI9YORIRY) [ADT-AIJUNO))

PPPHO
1D0SI
by
§89U4J
dsiq
sysfippuy

SOTX0JJ UOIJRULIOJU] [9AST-WIIL ]

SWINJSI YD0)S A[IUOW JO UOTJRIASD PIRPUR])S POZI[RNUUY

sjosse [e10) Aq pa[eos sesuadxo Juowdo[PAdp puR OIRdSIY

98uRYDX0 Y00)S G[) B UO PIISI[-SSOIO ST WLIY O} JI oUO s[enbs o[qerrea Awwn(J
sjesse [0} AQ pepIAIp swooul Sunersd()

Sjasse 1810} 03 1qop [e310) JO olpey

$S/ Ul pajeurmiousp sjosse [ej0} Jo 07

P 0

anyd

qaav

vVoy

obvusnoT

§99SSV I,

SO19SII9)oRIRY ) [9AT-UIIL]

201nog ejeq

uonuyeq

a[qerIeA

92JNn0g BjE(] PUR UOIIUGD(] S[qELIeA

penurnjuo)) - g xipuaddy

36



HIML
HIYL
HIYL
HIYL

s109ed1pu] JuatdoPAd(] PIIOM

(v00z)
WS pue ‘I¥soIjold ‘urwysng

odoospriopy

{(g00g) ¥noe pue {0OIULOIR))
{(z00g) Jnoeq pue elreypejjeyqg

(8661) 'Te 19 ®110 ®]

(9002) 'Te 19 ®110 ]

sopel) Aq USALIP UOIJRLIRA

oo11d juatorge Jo uorprodolrd ‘SSOULATIRULIOJUT OPRI} SATIR[DI JO oInseal (1GGT) S JONOIGseH
amseawr joedut eor1d o8ejusorad (9661) S J[01S pue Sueny

19jourered UOTYRULIOJUT 9SIOAPR JO 2INSRIUT (LEET) S,SURWIOOY PUR ‘UOSPIRYDIIY ‘URARYPRIN

JuouoduIod UOIJO[9S OSIOAPE JO dINSEIW (LGET) S [[0IS pue Suenyy

U
Ppoduw] JY
YU N

SH©O

seansea\ Surpel], paseg-uoljewioju] J8y31Q

ardoad (‘T 1od (pejutid se1dod I0) UOIYR[NOILD dFRIoAR
9} SB POJRNO[RD PUR J0oM ® SOUWII] INOJ 358 e paysijqnd osot) 0} Iojo1 stodedsmou Afre(y

eIPoW pue sjsA[eUe [RIDULUY AQ SMAU S,ULIY € JO UOIJRUIWISSSIP pue
uoryejordiaqul pue SuLIy Aq 9INSO[ISIP [RIOURUY JO SSOUIQWII) PUR A}ISUSIUI 9} JO SINSBIN

SUOIIOLI)SOI SUI[[9S-).I0YS SUIAOWSI JO 1090 oY} puR ‘Sme|

IapISUI JO JuaIadIojua oY) ‘A31oedo sSurures Jo 99139p o) seanjded jey) xepur 931sodwrod y
"'SWRYI [R1D9dS 1910 puUe ‘ejep IYD0)S ‘SpIRpUR)S SUIIUNOIIR ‘SIUSWILIR]S MO punj

‘S1997S 90UR[R( ‘SJUSUI9)R)S SWIOOUI ‘UOIJRULIOJUI [RISUSS SULISAOD ‘SSLIJUNOD Q¢ I0J SUIo)I
06 uo sjp10del Tenuue ()GET SoTURAUIOD S9JRI PUR SOUIMIRXD JRY) XoPUI PIRpUR)S SUIIUNOIdY

9SIMISYJO JT () PUE SINSO[ISIP
Ayrenb g3y seyruSIs 1 JT XopUI oY) 0) Paudisse SI T JO oN[RA oY) ‘XopUI-qns [oro I0J pur
‘so[qerrea AWIWIND 9I€ SOX9PUI-qNS 9s9Y) [[y 'suorjoesuery sorpred poaje[al pue ‘ssoulsng
JO 9SINOD [RULIOU 91} 9PISINO §10eIju0d ‘dIysIoumo Iopisul ‘dIysIoumo Iop[oyaieys aSIe]
‘suorjesuodwion ISPISUI ‘SULISAT[OD sN10adsold :$oXopul-gns oINSOISIP XIS JO 91008 98RIOAY

stadpdsmo N

uDL

ONO

P1Sov

bay (1

SOIX0JdJ UOIJeWIOJU] [9A9T-AIjUno))

90anog eje(

uonUye(

a[qerren

92aNnog ele(] pPUe UOINUYD(] o[ RLIBA

penunuo) - g xipuaddy

37



	JFE2013-0048_TitlePage_2013Aug29
	JFE2013-0048_Text_2013Aug29
	Introduction
	The Estimation of PINEHO and PINDY Models
	The PIN Model and its Extension
	PIN Methodology and Global Intraday Data
	The Quality of PIN as a Measure of Information Asymmetry
	PIN and Spreads
	PIN and Proxies for Information Asymmetry at Firm and Country Levels


	PIN and Equity Prices Around the World
	Excess Returns and Risk-Adjusted Returns of Portfolios formed on PIN and on Size and PIN
	PIN and the Cross-Section of Expected Equity Returns

	Additional Tests
	Summary


