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EKKEHART BOEHMER, GIDEON SAAR, and LEI YU*

ABSTRACT

We study pre-trade transparency by looking at the introduction of NYSE’s OpenBook
service that provides limit-order book information to traders off the exchange floor. We
find that traders attempt to manage limit-order exposure: They submit smaller orders
and cancel orders faster. Specialists’ participation rate and the depth they add to the
quote decline. Liquidity increases in that the price impact of orders declines, and we
find some improvement in the informational efficiency of prices. These results suggest
that an increase in pre-trade transparency affects investors’ trading strategies and
can improve certain dimensions of market quality.

THE PROLIFERATION OF NEW EXCHANGES and trading platforms in the United States
and abroad brings to the forefront many issues in market design. Should a
market have at its core an electronic limit-order book? What possible roles can
market makers play? What information should market participants observe
about order flow and prices? These issues have implications for investor trading
strategies, specialist behavior, market liquidity, the informational efficiency of
prices, and ultimately for investor welfare. We investigate a key feature of
market design: transparency, or the ability of market participants to observe
information in the trading process.

Our focus is on a particular form of transparency: the ability of market par-
ticipants to observe the pending trading interests of other participants, or in
other words, the content of the limit-order book. Knowledge about buying and
selling interest can be used both to refine one’s inference about the value of a
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security and to strategically plan the execution of a trading goal to minimize
transaction costs. We use the introduction of OpenBook by the NYSE to inves-
tigate the impact of an increase in the extent of public information about the
content of the limit-order book.

OpenBook, introduced in January 2002, allows traders off the NYSE floor
to observe depth in the book in real time at each price level for all securities.
Before the introduction of OpenBook, only the best bid and offer (represent-
ing orders in the book, floor broker interest, and the specialist’s own trading
desires) had been disseminated. Our objective in this study is to examine how
publicly revealing information about the limit-order book affects investor trad-
ing strategies, the way prices evolve in response to order flow, and the resulting
state of liquidity in the market.

Our paperis related to other investigations of pre-trade transparency, defined
as the availability of information about quotes and trading interest.! Most pa-
pers look at the influence of quote information in a multiple-dealer market (e.g.,
Bloomfield and O’Hara (1999) and Flood et al. (1999)) or use the availability of
information to characterize different market structures (e.g., Madhavan (1992),
Biais (1993), and Pagano and Réell (1996)).2 Our work is also part of a grow-
ing theoretical and empirical literature about limit-order books.? Two papers,
Madhavan, Porter, and Weaver (2000) and Baruch (2005), specifically construct
models to address the question of how revealing more or less information about
the content of a limit-order book affects the market. We rely on theoretical pre-
dictions from these two papers to guide our investigation into the impact of
limit-order book transparency on informational efficiency and liquidity.

In organizing our empirical investigation, we have found it useful to think
about the consequences of changes in pre-trade transparency first in terms
of direct effects on the trading strategies of market participants, and then in
terms of the resulting equilibrium state of informational efficiency and liquid-
ity. Harris (1996) discusses two risks that are associated with the exposure of
limit orders: (i) A trader may reveal to the market private information about the
value of the security, and (ii) exposed limit orders can be used to construct trad-
ing strategies aimed explicitly at taking advantage of these limit orders (e.g.,

! For investigations into post-trade transparency, defined as information about executed trades,
see Chowhdry and Nanda (1991), Naik, Neuberger, and Viswanathan (1994), Franks and Schaefer
(1995), Madhavan (1995), Lyons (1996), and Bloomfield and O’Hara (1999).

2 A related literature focuses on the anonymity of traders as a dimension of transparency. For
example, Madhavan (1996) investigates the role of information about order flow, but focuses on the
availability of information about traders’ motives (i.e., whether liquidity traders can be identified).
The impact of anonymity on liquidity in an electronic limit-order book is investigated by Foucault,
Moinas, and Theissen (2003), while Theissen (2003) examines anonymity in a setting where there
is a market maker alongside a limit-order book. Rindi (2002) looks at anonymity in a rational
expectations model.

3 The tradeoffs in using limit orders and the nature of equilibrium in limit-order markets were
the focus of several theoretical models (e.g., Cohen et al. (1981), Glosten (1994), Seppi (1997),
Parlour (1998), and Foucault (1999)). Recent empirical work on limit-order markets includes Biais,
Hillion, and Spatt (1995), Handa and Schwartz (1996), Ahn, Bae, and Chan (2001), Sandas (2001),
and Hasbrouck and Saar (2004).
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“pennying” or front-running the limit orders). Harris details strategies that
limit-order traders can use to manage the exposure of their orders: breaking
up their orders (submitting smaller limit orders), canceling and resubmitting
limit orders more often, and using agents closer to the trading process (floor
brokers at the NYSE) to manage order exposure rather than submitting limit
orders to the book.

We look at the cancelation of limit orders after OpenBook is introduced and
find a higher cancelation rate and shorter time-to-cancelation of limit orders
in the book. We also find smaller limit orders after the change in transparency.
This evidence is consistent with the idea that traders attempt to manage the
exposure of their orders, in line with Harris’s reasoning. However, we do not
observe a shift from electronic limit orders to trading with the help of floor bro-
kers. Instead, the volume executed by floor brokers declines compared to that
executed against limit orders. Why may that be happening? OpenBook enables
traders not just to observe information about demand and supply away from
the quote, but also to see how their own actions affect the book. This “visibility
effect” may make self-management of orders more appealing to traders, in a
manner analogous to the attraction of active traders in Nasdaq stocks to elec-
tronic communications networks. Such an effect could dominate the argument
that Harris (1996) makes for employing agents, and explain our finding.

We also investigate the trading of one particular type of market
professionals—NYSE specialists—who both maintain the limit-order book and
trade for their own account (make a market in the stocks). We find that the
specialist participation rate in trading declines following the introduction of
OpenBook. We also find that specialists reduce the depth they add to the quote
(together with floor brokers) beyond what is in the limit-order book. These
changes in trading strategies are consistent with an increase in the risk of
proprietary trading on the part of specialists due to loss of their information
advantage.* Because public limit orders have priority over the specialists’ pro-
prietary trading, these changes are also consistent with a crowding out effect
due to more active limit-order strategies employed by investors. Finally, a re-
duced contribution of the floor to the quoted depth may be due to the shift we
observe from floor trades to limit orders that are sent to the book electronically.

Changing strategies of market participants can alter characteristics of the
market environment that are important to investors, such as liquidity and in-
formational efficiency. Glosten (1999) presents an informal argument stating
that increased transparency should lead to greater commonality of information,
implying more efficient prices and narrower spreads. Baruch (2005) asks who
benefits from an open limit-order book, and provides a theoretical model show-
ing that opening the book (i) improves liquidity in the sense that the price im-
pact of market orders is smaller, and (ii) improves the informational efficiency
of prices. A different view is expressed by Madhavan, Porter, and Weaver (2000).

4 On whether the limit-order book provides information about future price movements, see Harris
and Panchapagesan (1999), Corwin and Lipson (2000), Irvine, Benston, and Kandel (2000), Kaniel
and Liu (2001), and Coppejans and Domowitz (2002).
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In their model, greater transparency leads to wider spreads, lower depth, and
higher volatility. They also conduct an empirical investigation of the Toronto
Stock Exchange’s decision in April 1990 to disseminate information about depth
at the top four price levels in the book (in addition to the best bid and offer).
Since they do not have the detailed order-level data that we have, they are
unable to provide evidence about investor strategies or depth in the book, but
they do show that spreads are wider after the event and that volatility is higher,
both of which are consistent with their theoretical predictions.

Our results contrast with the Toronto Stock Exchange findings and provide
support for the view that greater pre-trade transparency is a win—win situation.
To examine whether greater pre-trade transparency indeed makes prices more
efficient, we use a variance decomposition methodology proposed by Hasbrouck
(1993) and document smaller deviations of transaction prices from the efficient
(random walk) price. We also find some indication (though weak) of a small
reduction in the absolute value of first-order return autocorrelations calculated
from quote midpoints. These results are consistent with more efficient prices
that are less subject to overshooting and reversal following the introduction of
OpenBook.

We then examine measures of liquidity about which we have predictions from
the theoretical models: depth in the book and effective spreads (or price impact).
We find that depth in the book increases somewhat following the introduction
of OpenBook. Most of the increase, however, is in prices away from the current
quote. We are unable to examine changes to total depth in the market, because
the orders held by floor brokers and the specialist’s willingness to provide lig-
uidity behind the quote cannot be measured. Ultimately, however, total depth
affects the price impact of trades and we can measure the latter directly us-
ing effective spreads. We find that effective spreads of trades decline with the
improvement in pre-trade transparency.

The evidence of a decline in effective spreads of trades suggests that the costs
incurred by liquidity demanders decrease with the introduction of OpenBook.
This evidence may also suggest a decline in investors’ compensation for ex-
posing limit orders and supplying liquidity. The decrease in the participation
rate of specialists is consistent with such erosion in the profitability of liquid-
ity provision. In an auction market such as the NYSE, an investor can choose
whether to be a supplier or a demander of liquidity. Furthermore, acquiring or
liquidating a position in a stock can be done with a combination of marketable
and limit orders.? Therefore, improved liquidity that is manifested by a smaller
price impact of trades does not necessarily mean that the total transaction costs
of investors in the new equilibrium are lower than those they experienced un-
der the old regime. We do not have data that allow us to follow the complete
trading strategy of an investor and determine its total cost.

However, we can go one step beyond trade effective spreads by focusing on
the costs of executing a marketable order at the NYSE. By analyzing orders, as

5 By “marketable” we mean both market orders and marketable limit orders. These orders are
meant to be executed when they are sent to the market, as opposed to (nonmarketable) limit orders
that are meant to stay in the book until prices change and they become executable.
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opposed to trades, we can better assess the cost an investor incurs, even when
his order is broken down to be executed in multiple trades at different points in
time.® We find that effective spreads of orders decline significantly following the
introduction of OpenBook. This is true even for small orders, despite a decrease
in the depth quoted by the specialist at the bid and ask prices. Our analysis
of the change in liquidity around the event uses several econometric models
to implement controls and account for potential estimation problems, and the
results are robust to the different specifications we use.

While we believe that the effects we document are associated with the in-
crease in transparency that accompanied the introduction of OpenBook, we
fully acknowledge that this is an investigation of a single event and that there-
fore our statistical ability to attribute changes to the event is limited. This issue
is a recurring theme in empirical analysis of the financial implications of regu-
latory changes (see, for example, Schwert (1981)). We believe that the question
of how changes in market design affect market quality is important enough
to warrant a careful investigation of this particular event. Furthermore, we do
address the concern that the changes we document are due to a secular trend in
the variables rather than to the introduction of OpenBook. We look at changes
in these variables before the event and conclude that the effects we document
do not reflect a trend that existed in the market.

With these caveats in mind, our analysis suggests that greater transparency
of the limit-order book is beneficial for market quality. This finding is important
for several reasons. First, the theoretical literature provides conflicting predic-
tions on how liquidity would change when opening the book, and our results
are at odds with those documented when the Toronto Stock Exchange started
revealing information about demand in the book. Second, the Securities and Ex-
change Commission (SEC) has repeatedly emphasized the need for increased
pre-trade transparency. Our research is the first empirical study to provide
support for such a policy. Third, our results show that market design exerts
influence not just on trading strategies, but also on equilibrium liquidity and
the informational efficiency of prices. As such, research on market design can
help exchanges and regulators improve the functioning of financial markets.

The rest of this paper proceeds as follows. Section I provides details on the
OpenBook initiative at the NYSE, describes the event periods, and presents
the sample and the data sources used in the investigation. Section II presents
the results of our tests concerning the trading strategies of investors, the
participation of specialists, informational efficiency, and liquidity. Section III is
the conclusion.

I. Research Design
A. OpenBook

Whether or not to make public the content of the limit-order book maintained
by specialists at the NYSE has been the subject of discussion for over a decade.

8 The analysis of effective spreads of orders follows the conventions set by the SEC for disclosure
of execution costs in Rule 11Ac1-5.
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In 1991, the NYSE received the approval of the SEC for a program that would
have provided snapshots of the book to member firms three times a day. In June
of that year, the NYSE announced that it would not implement the system,
citing lack of interest among member firms. In 1998, the NYSE announced it
was considering providing information about the limit-order book for prices two
ticks below and above the best bid and offer. In October 2000, the NYSE again
announced intentions to reveal more of the book as part of an initiative called
Network NYSE. The implementation was scheduled for the second quarter of
2001, but was postponed. In 2001, the NYSE filed with the SEC for approval of
a service called OpenBook that provides information about depth in the book
to subscribers, either directly from the NYSE or through data vendors such as
Reuters and Bloomberg.

The NYSE’s request was approved by the SEC on December 7, 2001, and the
OpenBook service was introduced on January 24, 2002, for all NYSE securi-
ties simultaneously. OpenBook operates between 7:30 A.M. and 4:30 p.M. It is
available for all NYSE-traded securities and shows the aggregate limit-order
volume available in the NYSE Display Book system at each price point. The
information about depth is updated every 10 seconds throughout the day.” It is
important to note that the information disseminated does not include the spe-
cialist’s proprietary trading interest or floor broker interest. As a result, the
information in OpenBook does not reflect total depth in the market, but rather
only depth in the limit-order book. Also, OpenBook does not provide any order
execution capabilities; it is merely an information dissemination system.

The NYSE charges a fee for the service. Commercial data vendors and large
broker-dealers take the raw data directly from the NYSE and pay $5,000 per
month. The NYSE also receives $50 per month for each subscriber who gets
the OpenBook service from a data vendor (or each employee of a broker-dealer
with an OpenBook terminal). At the end of 2003, the NYSE was collecting
approximately $870,000 as monthly revenues from the OpenBook service.® Be-
cause OpenBook is a paid service, we have a sense of the extent to which this
new information is being disseminated. OpenBook had approximately 2,700
subscribers when the service was introduced. This number grew in a steady
fashion to about 6,000 during the first 4 months of operation.

B. Event Periods

It is difficult to pinpoint the announcement date for OpenBook. Several times
during the decade prior to the actual introduction the idea was announced but
did not materialize. Therefore, it is not clear whether the announcement in
October 2000, when the NYSE’s press release mentioned OpenBook as part
of the Network NYSE initiative, had much credibility. Only when the SEC

7"While the update is in real time (there is no delay of information), the frequency of updates
may be too slow for certain types of automated trading strategies that investors off the exchange
floor may want to implement.

8 As of October 2003, there were 64 firms getting raw data feeds and over 11,000 subscribers.
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approved the service in December 2001 could the NYSE in fact implement the
service (though some people might have anticipated it). In contrast, there is no
such uncertainty about the implementation date of OpenBook: The service was
made available to the public on January 24, 2002. Fortunately, it is the imple-
mentation date that matters most for our purpose. While prices may change in
anticipation of an event, trading strategies that require information about limit
orders in the book cannot be implemented without this information. Therefore,
the effects we wish to investigate are best examined around the implementation
date.

We are interested in identifying the permanent effects of the change in pre-
trade transparency. For that purpose, we need to examine two periods in which
the market is in equilibrium with respect to traders’ use of order flow infor-
mation, one before the event and one after the event. We choose 2 weeks (10
trading days) for the length of each period. We believe this choice strikes a bal-
ance between our desire to employ more data for the statistical tests on the one
hand and both the stability of the estimates and the complexity of handling
NYSE order-level data on the other.

Since traders cannot use the information in OpenBook prior to January 24,
there is no need to eliminate a long window before the event in order to obtain
the steady state of traders’ strategies. We choose the full 2 trading weeks prior
to the introduction week as the pre-event period (January 7 through January
18). The choice of an appropriate post-event period is more complex. While
traders are able to see limit-order book information beginning January 24,
learning how to use this information probably takes some time. This is true
both for traders who want to use it just to optimize the execution of their orders
and for traders who plan to use it to design profitable trading strategies. Fur-
thermore, once such strategies are in place, other traders (e.g., mutual funds’
trading desks) may experience poorer execution of their limit orders, prompt-
ing more traders to change their strategies until a new equilibrium emerges.
Adding to the gradual nature of the process is the fact that the number of sub-
scribers increased in the months following the introduction of OpenBook, which
could affect the adjustment of the market to the new pre-trade transparency
regime.

To allow for adjustment to an equilibrium state and to examine this adjust-
ment, we use four post-event periods rather than one. As with the pre-event
period, we use 2 weeks as the length of a post-event period to capture a rea-
sonably stationary snapshot of the trading environment. More specifically, for
each of the first 4 months after the introduction of OpenBook we use the first 2
full weeks of trading: February 4-15, March 4-15, April 1-12, and May 6-17.
These four post-event periods enable us to examine how the new equilibrium
emerges over time.

C. Sample and Data

The universe of stocks considered for this study includes all common stocks
of domestic issuers traded on the NYSE. We eliminate firms that did not trade
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continuously between January and May 2002, firms with more than one class
of traded shares, closed-end funds, and investment trusts. This results in a
population of 1,332 stocks. We then sort by median dollar volume in the last
quarter of 2001 and choose a stratified sample of 400 securities that did not
experience stock splits or undergo mergers during the sample period. We also
divided the sample into four 100-stock groups according to dollar volume in the
last quarter of 2001, and conducted the analysis separately for each group. We
found that the picture is very similar across groups and therefore we present
only the results for the entire sample to simplify the exposition.

Table I provides summary statistics for the entire sample and four trading
volume groups. The table testifies to the heterogeneous nature of the sample,
which ranges from a median average daily volume of $59.43 million for the
most actively traded group in the pre-event period to a median of $370,000 for
the least actively traded group. All variables—volume, quoted spread, quoted
depth, effective spread, and price—change in the expected manner when mov-
ing from the most active stocks to the least active stocks. For the most (least)
actively traded stocks, median quoted spread is ¢4.4 (¢8.9), and median quoted
depth (summing both the bid and ask sides) is 3,445 (1,607) shares. We also ob-
serve that prices are higher for the most actively traded stocks in the sample,
$42.74, as compared with $11.15 for stocks in the least actively traded group.

The data source used for the summary statistics in Table I is the Trade and
Quote (TAQ) database distributed by the NYSE. We use these data to analyze
effective spreads of trades and informational efficiency.® The rest of our analysis
is based on NYSE order-level data provided in the System Order Data (SOD)
and Consolidated Equity Audit Trail Data (CAUD) files.!°

The SOD files include detailed information on all orders that arrive at the
NYSE via the SuperDot system or that are entered by the specialist into the
Display Book system (which powers the limit-order book). SOD files contain
about 99% of the orders, representing 75% of NYSE volume, and follow orders
from arrival through execution or cancelation. Together with the open limit-
order file (LOFOPEN), which describes the exact state of the limit-order book
every day before the opening of trading, SOD files allow us to precisely recon-
struct the limit-order book on the NYSE at any time. They also enable us to
examine how investors change their order submission strategies, to determine
how much depth specialists add to the quote beyond what is in the limit-order
book, and to compute the effective spreads of orders (as opposed to trades).

9 The variables we analyze are calculated using NYSE trades and quotes. We apply various
filters to clean the data. We only use trades for which TAQ’s CORR field is equal to either zero or
one, and for which the COND field is either blank or equal to B, J, K, or S. We eliminate trades
with nonpositive prices. We also exclude a trade if its price is greater (less) than 150% (50%) of the
price of the previous trade. We eliminate quotes for which TAQ’s MODE field is equal to 4, 5, 7, 8,
9,11, 13, 14, 15, 16, 17, 19, 20, 27, 28, or 29. We exclude quotes with nonpositive ask or bid prices,
or where the bid price is higher than the ask. We require that the difference between the bid and
the ask be smaller than 25% of the quote midpoint. We also eliminate a quote if the bid or the ask
is greater (less) than 150% (50%) of the bid or ask of the previous quote.

10 A reduced version of these files was the basis for the TORQ database organized by Joel
Hasbrouck in 1991. A description appears in Hasbrouck (1992).
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The CAUD files contain detailed execution information on both electronic
and manual orders (the latter handled by floor brokers). They enable us to
determine the participation rate of specialists in the trading process and the
portions of trading volume that originate from either floor brokers or electronic
limit orders.

II. Results

Our analysis of the change in pre-trade transparency induced by OpenBook
closely follows the exposition of the arguments in the introduction. First, we
look at how market participants change their trading strategies as a result of
the event. We examine both traders’ use of limit orders and specialists’ par-
ticipation in trading and liquidity provision. Second, we examine how these
strategies affect the informational efficiency of prices by looking at the devia-
tions of transaction prices from the efficient price and the autocorrelations of
quote-midpoint returns. Third, we look at changes in liquidity using depth in
the book and effective spreads of both trades and orders. Finally, we examine
the question whether our results could be explained by a secular trend in the
variables we analyze.

A. Trading Strategies

We use nonparametric univariate tests for the statistical analysis of trading
strategies.!! For each period, we compute stock-specific means for all variables.
We then report the median across stocks of pairwise differences between each
post-event period and the pre-event period, and the p-value from a Wilcoxon test
against the two-sided hypothesis that the median is equal to zero. We therefore
investigate the total effect of the introduction of OpenBook on strategies, with-
out making an attempt to disentangle which changes represent direct effects
of the event and which changes are indirect effects attributable to changes in
other variables. We begin by looking at the conjectures from Harris (1996) that
traders react to the risk in order exposure by changing their behavior: canceling
and resubmitting limit orders more frequently (shortening the time they are
publicly displayed in the book), breaking limit orders into smaller sizes, and
making greater use of agents (e.g., floor brokers).

Table II examines the cancelation of limit orders. The first line in Panel
A shows an increase in the cancelation rate of limit orders (number of limit
orders canceled divided by the number submitted). The median differences be-
tween the post- and pre-event periods are positive, and increase monotonically
with time. The median change from January to February is 0.68% (though
not statistically significant), reaching 4.75% between January and May (and
highly statistically significant). The second line in Panel A presents the time-to-
cancelation (in seconds) of limit orders that are canceled. It declines following

1 Many of the variables we investigate do not necessarily fit the normality assumption needed
for a t-test.
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the event, and declines further with time. Compared to January, time-to-
cancelation is 12.77 seconds shorter in February and 50.58 seconds shorter
in May. On a pre-event median value of 290 seconds, the decline in time-to-
cancelation seems to be quite large (17.4%).

A limitation of the above analysis of time-to-cancelation and the cancelation
rate is that it ignores censoring (i.e., limit orders that are executed or expire and
therefore cannot be canceled). We use survival (or duration) analysis to estimate
two models that take censoring into account (see Lo, MacKinlay, and Zhang
(2002) and Hasbrouck and Saar (2004)) on the issue of limit order duration.
First, we use an accelerated failure time model that assumes that time-to-
cancelation follows a Weibull distribution. The logarithm of time-to-cancelation
of limit orders is modeled as a linear function of an intercept, a dummy variable
that takes the value 1 after the introduction of OpenBook, and the distance of
the limit order from the relevant quote side (the bid for limit buy orders and
the ask for limit sell orders) divided by the quote midpoint. The standardized
distance from the quote is included as a covariate because it is presumably
an important determinant of the probability of both execution and cancelation.
The duration model is estimated separately for each stock using all limit orders
in the 20-day pre- and post-event periods.

To aid in interpretation of the coefficients, we report in Table II the transfor-
mation ecoefficient _ 1 that provides the percentage change in expected time-to-
cancelation between the pre- and post-event periods. The first line in Panel B
presents the cross-sectional median of the transformed coefficients on the event
dummy variable and the number of the statistically significant coefficients (at
the 5% level). In all four post-event periods, the Wilcoxon test is highly signif-
icant, and over 394 (of 400) coefficients in the individual stock regressions are
statistically significant. For the February post-event period, expected time-to-
cancelation of limit orders declines by 10.47%. The decline continues over the
sample period and reaches 24.29% by May.

We also report the results of semiparametric Cox regressions (see Cox (1972)),
where the logarithm of the hazard rate is modeled as a linear function of an in-
tercept, a dummy variable for the event, and the distance from the quote. While
both the Cox model and the Weibull model belong to the class of proportional
hazard models, the Cox model does not require that we choose a particular
probability distribution for time-to-cancelation. The transformation eccefficient _
1 presented in the second line in Panel B can be interpreted as the percentage
change in the estimated cancelation rate of limit orders between the pre- and
post-event periods (controlling for the distance from the quote). The results
indicate that the cancelation rate increases in a gradual manner: from 6.57%
in February to 17.24% in May. The increase in the cancelation rate is highly
statistically significant in all four periods.

Panel A of Table III continues our investigation of changes in the trading
strategies of investors following the introduction of OpenBook. The first line
shows median pairwise differences in the size of limit orders between the post-
and pre-event periods. For all four post-event periods, the median changes are
negative and statistically different from zero. The magnitude of the changes
increases over time after the event. The difference in the size of a typical limit
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order of the same stock between February and January is —29.5 shares, reach-
ing —68.4 in May. On a pre-event median limit-order size of 543 shares, this
represents a decline of 12.6%.

The second line in Panel A presents the changes in floor-broker activity rel-
ative to electronic limit-order activity. The ratio we compute is the sum of the
number of shares bought and sold by floor brokers, divided by the sum of the
number of shares bought and sold by limit orders in the book. We document a
decline in floor activity relative to limit orders in the book, ranging from —0.014
in February to —0.05 in May (the differences in the last three post-event periods
are statistically different from zero).!? On a pre-event median ratio of 0.52, the
magnitude of the decline is almost 10%.

The results are consistent with heightened limit-order exposure manage-
ment: Smaller limit orders are submitted, limit orders are canceled more often,
and limit orders are left for a shorter time in the book. The new ability to
see depth in the book seems to make self-management of the trading process
more attractive. The shift we document from floor trading to electronic limit
orders may indicate that the benefit associated with active trading strategies
employed by the traders themselves using OpenBook outweighs the cost of dis-
playing trading interests. The trend in median differences of the variables over
the four post-event periods is consistent with the idea that traders learn over
time about the new service, learn how to use the information in OpenBook, and
adjust their trading strategies accordingly.

The change in pre-trade transparency and the change in the behavior of
traders can cause NYSE specialists, who make a market in the stocks, to alter
their behavior. We use the CAUD files to examine specialist participation in
the trading process. The participation rate is defined as the number of shares
bought and sold by the specialist over the total number of shares bought and
sold. The first line in Panel B of Table III shows that the specialist participation
rate declines in the post-event periods. While the median difference between the
first post-event period and the pre-event period is not statistically distinguish-
able from zero, the median differences for the three other post-event periods
are negative and highly statistically significant.!?

The bid—ask quote disseminated by the NYSE is determined by the specialist.
The depth quoted at the bid and ask prices, however, can just reflect the depth
available at the best prices in the book. Alternatively, the specialist can add
depth to the quote, reflecting the interest of floor brokers or his own interest
(in his capacity as a dealer). The second line in Panel B describes the dollar
value that specialists (potentially reflecting floor broker trading interest) add
to the quoted depth beyond what is in the limit-order book. To create this vari-
able, we use the LOFOPEN and SOD files to reconstruct the book and compare

12 Separate analysis shows that floor broker activity relative to total volume goes down after
the introduction of OpenBook (and the change is statistically significant in three out of the four
periods), and electronic limit-order activity relative to total volume increases significantly in all
four post-event periods.

13 Similar results are obtained when the participation rate is defined in terms of the number of
orders rather than the number of shares.
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the best prices and depths in the book to the quote disseminated by the special-
ist every 5 minutes throughout the trading day. We compute the value of the
specialist contribution to the quoted depth beyond what is in the limit-order
book for each 5-minute snapshot, average over all snapshots, and compute the
differences between the post- and pre-event periods for each stock. The special-
ists’ contribution declines monotonically over the four post-event periods, from
a median difference of —$1,164.76 to —$2,599.81 (three of the four differences
are statistically different from zero).

These results—Iless participation by the specialists in trading and committing
to a smaller quoted depth—are consistent with an increase in the risk associ-
ated with the specialists’ proprietary trading due to the loss of their information
advantage. They are also consistent with a crowding out effect, in that more
active management of public limit orders (which have priority over the propri-
etary trading of specialists) limits the ability of specialists to participate in the
trading process. Finally, the reduced depth added by the specialists and floor
brokers is also consistent with the shift we observe from floor to electronic limit
orders.

B. Information and Prices

Both Glosten (1999) and Baruch (2005) predict that improved transparency
would lead to increased informational efficiency of prices. We implement two
tests of this hypothesis. The first test is based on the variance decomposition
procedure in Hasbrouck (1993). Using information about trade size and exe-
cution price for all transactions, Hasbrouck proposes a vector autoregression
model to separate the efficient (random walk) price from deviations introduced
by the trading process (e.g., short-term fluctuations in prices due to inventory
control or order imbalances in the market). More specifically, the variance of
log transaction prices, V(p), is decomposed into the variance of the efficient
price and the variance of the deviations induced by the trading process, V(s).
Because the expected value of the deviations is assumed by the procedure to be
zero, the variance is a measure of their magnitude.

The ratio of V(s) to V(p), VR(s/p), reflects the proportion of deviations from
the efficient price in the total variability of the transaction price process. If
OpenBook allows traders to better time their trading activity to both take ad-
vantage of displayed liquidity and provide liquidity in periods of market stress,
the proportion of deviations from the efficient price should be smaller after
the event. The first line in Table IV shows median changes between the pre-
and post-event periods for VR(s/p) (expressing the ratio in percentage terms).
While the changes are not significantly different from zero in the February and
March post-event periods, they become negative and highly significant in the
April and May post-event periods.

Another test of informational efficiency can be formulated by assuming that
the quote midpoint is the market’s best estimate of the equilibrium value of the
stock at every point in time. A more efficient quote-midpoint process would be
closer to a random walk and therefore exhibit less autocorrelation (both positive
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and negative). The second and third lines in Table IV show changes in the ab-
solute value of the 30-minute and 60-minute first-order quote-midpoint return
autocorrelation. For the 30-minute process, we divide the trading day into half-
hour intervals and compute the returns from the prevailing quote midpoints at
the beginning and end of each interval (a similar construction is used for the
60-minute process). We examine the absolute value of the correlation coeffi-
cients because we would like to test how close the return process is to a random
walk, which is characterized by zero autocorrelations.

We find that the direction of changes in the autocorrelation is consistent
with more efficient prices, but the results are rather weak. While the median
changes are negative in all post-event periods, only two of the numbers are
statistically different from zero. The results of these two tests together point to
some improvement in informational efficiency under the new pre-trade trans-
parency regime. At the very least, the evidence demonstrates that opening the
book does not lead to deterioration in the efficiency of prices.

C. Liquidity

What we would like to examine in this section is how the changing strategies
of investors and specialists aggregate to create a new state of liquidity provi-
sion in the market. This analysis has special significance, since the theoretical
arguments we have surveyed disagree on this point—Madhavan, Porter, and
Weaver (2000) claim that greater transparency would cause liquidity to dete-
riorate, while Glosten (1999) and Baruch (2005) claim that it would improve
liquidity. In particular, Madhavan, Porter, and Weaver show that depth in the
book would decrease and that spreads (or the price impact of trades) would in-
crease when the book is opened. Baruch provides the opposite prediction about
spreads, claiming that the price impact of trades would decrease with greater
transparency.

What drives the difference in the predictions of these two models? Baruch
(2005) features an oligopoly in the market for liquidity provision comprised of
fully strategic limit-order traders and a specialist. In equilibrium, these lig-
uidity suppliers have market power and make positive expected profits. Open-
ing the book increases competition among liquidity suppliers, decreasing their
profits and improving liquidity. The informed investor in the model trades more
aggressively when liquidity is better, which results in more informative prices.
In Madhavan, Porter, and Weaver (2000), liquidity provision is competitive,
and price impact is derived under the assumption that the expected profit of
the limit-order traders is zero. Greater transparency enables traders with pri-
vate information to make better decisions on order sizes and increase their
profits. With fixed information costs, higher profits can translate into more
informed trading that would worsen the adverse selection problem and bring
about higher spreads (since prices are already determined competitively).

We start by evaluating the prediction on depth in the book. We record snap-
shots of total depth in the limit-order book for each stock every 5 minutes. We
then construct our depth measure by averaging these snapshots for each period.
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Because there is much evidence that liquidity is affected by attributes such
as volume, we use several parametric approaches to examine the change in
liquidity conditional on three control variables. The controls are the average
daily dollar volume, intra-day volatility expressed as the average daily range
of transaction prices (high minus low), and the average transaction price of the
stock (to control for price level effects).

The first econometric specification assumes that the liquidity measure for
stock 7 in period t (where t € {pre, post}), L; ;, can be expressed as the sum of
a stock-specific mean (u;), an event effect («), a set of control variables, and an
error term (n):

Li: = pi + ad; + B1AvgVol,, + BoHiLow,, + BsAvgPrc;, + 1., (1)
where §, is an indicator variable that takes the value zero in the pre-event pe-
riod and one in the post-event period, AvgVol represents dollar volume, HiLow
is intra-day volatility, and AvgPrc is the price. By assuming that the errors are
uncorrelated across securities and over the two periods (although we do not re-
quire them to be identically distributed), we can examine differences between
the post- and pre-event periods and eliminate the firm-specific mean:

AL; = o + B1AAvgVol; + Ba AHiLow; + B3 AAvgPrc; + ¢, (2)

where A denotes a difference between the post- and pre-event periods.

We estimate the equation above using OLS and compute test statistics based
on White’s heteroskedasticity-consistent standard errors. Panel A of Table V
presents the intercepts and p-values from the regressions using the change to
depth in the book (in round lots) as the liquidity variable. The intercepts for
all four post-event periods are positive, and two of the four are statistically
significant at the 5% level, indicating some increase in book depth in the post-
event period.

Since the event happens to all stocks at the same time, it is possible that the
error terms are correlated across stocks. This would cause the standard errors
of the intercepts to be biased, but the OLS coefficients would still be consistent.
To examine the robustness of our results to this potential problem, we compute
the daily values of the variables (e.g., 10 daily averages of book depth indexed
by ¢ rather than an average for the entire period), and estimate the following
equation pooling all the stocks in our sample:

L;; = Intercept + Z (,BkDayft) + y1Voliy + yoHLj; + ysPrei + i1, 3)
=1

where the dummy variables Dayft (k =1,...,n) take the value one for the &t
day in the n-day post-event period and zero otherwise, Vol is the daily dollar
volume, HL is the daily range of transaction prices, and Prc is the daily average
transaction price of the stock. We estimate the model in two ways: (i) for the
pre-event period combined with each of the post-event periods (resulting in 10
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coefficients of the daily post-event dummy variables), and (ii) for the entire
sample period of 50 pre-event and post-event days (resulting in 40 coefficients
of the daily post-event dummy variables).

Panel B of Table V reports the median of the coefficients on the post-event
dummy variables and the p-value (in parentheses) of a Wilcoxon signed rank
test against the hypothesis of a zero median. The idea behind the test is sim-
ilar in spirit to the one underlying the Fama and MacBeth (1973) specifica-
tion. The OLS coefficients on the dummy variables are consistently estimated
even with cross-correlated errors, and therefore a test that uses time-series
variation in the coefficients is not affected by this potential problem. Three
of the four post-event periods show a significant increase in book depth af-
ter the introduction of OpenBook, and so does the regression over all periods
together.14

While our analysis so far demonstrates that depth in the book increases
following the introduction of OpenBook, the summary statistics reported in
Table I suggest that depth quoted by the specialists decreased over the sample
period. The median difference between dollar quoted depth in May and January
is —$3,276, a statistically significant decrease of about 5.4% from the median
quoted depth in January. We know from Section II.A that the specialist adds
less depth to the quote following the introduction of OpenBook. The decline in
quoted depth suggests that book depth close to current market prices does not
increase sufficiently to compensate for the change in the specialist’s behavior.
It is therefore possible that the increase in book depth is primarily at prices
that are further away from the current market price.

To examine this possibility, we compute cumulative depth in the book at
five distances from the relevant side of the quote (the ask for limit sell orders
and the bid for limit buy orders). To better compare the liquidity of stocks with
different share prices, we define the distance from the relevant side of the quote
as a percentage of the stock’s price: (i) up to 0.166% of the price, (ii) up to 0.833%
of the price, (iii) up to 3.333% of the price, (iv) up to 16.667% of the price, and
(v) up to the end of the book.'® These percentage bounds are applied to the
price of each stock to create stock-specific dollar bounds for the five categories
of cumulative depth in the book that we use.

4'We implemented yet another procedure to examine robustness to the potential problem of
cross-correlated errors by computing cross-sectional daily averages of each variable and using OLS
to estimate the following time-series model:

4
CSL, = Intercept + Y (ﬂkDf) + y1CSVol; + yoCSHL, + y3CSPre¢; + ¢;,
k=1

where the dummy variable D* (£ = 1, 2, 3, 4) takes the value of one for the k' post-event period and
is zero otherwise, CSVol is the cross-sectional average of daily dollar volume, CSHL is the cross-
sectional average of intra-day volatility, and CSPrc is the daily mean transaction price averaged
across stocks. All four coefficients were positive and statistically significant in the depth regression.

15 The bounds of the categories were chosen by deciding on several cutoffs in dollar terms (¢5,
¢25, $1, and $5) and dividing them by $30, the average share price of stocks in our sample in the
pre-event period. The results are qualitatively similar when we use the dollar bounds.
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Panel C of Table V presents the median change in cumulative depth in the
book for each category. Of the 20 numbers in the table (five categories, four post-
event periods), only five are statistically significant at the 5% level. All of these
numbers are positive, indicating an increase in depth (without controlling for
changes in volume, volatility, or price). A closer inspection reveals differences
that are negative but insignificant in the first two categories (i.e., close to the
current market price) in three out of the four periods. On the other hand,
the change in cumulative depth in the book up to a distance of 16.67% from
the relevant side of the quote is positive in all four periods, and is statistically
significant in two out of the four. This may indicate that total depth available
for small orders decreases following the introduction of OpenBook, while the
total depth available for larger orders increases.

Our tests of depth in the book are motivated by the predication from Mad-
havan, Porter, and Weaver (2000), but what matters for liquidity in a hybrid
market such as the NYSE is the total available depth. At the NYSE, one can
think about total depth as the sum of three components: depth in the book,
depth on the floor (orders represented by floor brokers), and depth added by
the specialist in his capacity as a dealer. While we can examine the change
in book depth rather accurately, the other two categories are more difficult to
measure. In Section II.A, we show that the contribution of the specialist to the
quoted depth beyond what is in the limit-order book decreases following the
introduction of OpenBook. However, we are unable to evaluate the change in
the specialist’s incentives to provide depth at prices behind the best bid and
offer (in case the quote is exhausted). Also, we have no way of assessing depth
available on the floor, as most floor orders are being worked by floor brokers
rather than given to the specialist.

While we cannot judge the change to total depth, the total price impact of an
order (or its effective spread) depends on all available sources of depth in the
market, and therefore it reflects the change in total depth and provides a good
summary measure of the change in liquidity. We also have specific predictions
about this variable from the theoretical models: Baruch (2005) states that the
price impact should decrease while Madhavan, Porter, and Weaver (2000) claim
it should increase. The trade effective spread measure is computed by averag-
ing twice the distance between the transaction price and the prevailing quote
midpoint for all transactions in a period (from the TAQ database). The analy-
sis of effective spreads is conducted using the same econometric specifications
used for depth with volume, volatility, and price controls.

Panel A of Table VI presents the results of the econometric specification in
(2), using differences in trade effective spreads (in cents) as the dependent
variable. All coefficients are negative, and they increase in magnitude over
time from —0.1046 in February to —0.8001 in May (where the last three post-
event periods are statistically significant). Since effective spreads measure the
cost of trading and volume measures the quantity of trading, it can be argued
that a single-equation specification regressing effective spreads on volume suf-
fers from an endogeneity problem. We examined this potential problem using
a simultaneous-equation model of spreads and volume, and the results were



805

Lifting the Veil

( panuju0o)

LO'TT (00000)  «I008°0— 9T'L (000000  «LS690— OLT (9900°0) LT8G0~ ¥9TT (8%8T°0)  9¥0T'0— FpwaLdSyV

(% ur)  (dus1yeIg-7 0 (% un)  (FusyeIg-? 0 (% un)  (dusyeIg-7 0 (% ur)  (dusyeIg-7 0 a[qerrep
24 PV joonpep-d) 74 [PV jo enfep-d) 24 PV jo anfep-d) 24 PV joonfep-d)
uep—AeI uep—ady uep-IR\ uepr—qo

(SUOTYRAIISq() (0F) UOISSOIS9Y 9JBLIBAII[NIA [BUOI}IDG-SSOI)) € UL speatdg 9AT}O9) 5 9PRL], Ul S9UISJL( 1Y [dued

‘(ATjRUIS)[B POpIS-0m) B jsurede [joq) [9A8] %G 9} }& 9OUBIIJIUSIS S9)BITPUIL , PUR [9A3] %T 9}
7B 20UROYTUSIS S9)BIIPU],, ' [oURd UL 9UO oY} Je[IWIs uoreoymnads e (S0 £q) 9)ewr)se 0] SIOpIo Jo spealds 9AT}08]Jo U0 B)Rp A[IBp oSN om ‘(] [oueq
uf (Y [eued Ul Jey) 03 Je[IWIS UOIJeIJoads B) SO[qRLIBA [0IJU0D 9Y)} Ul SoSUBYD U0 Spealds 9A1109]Je I9PI0 Ul SoZUBYD JO SUOISSAIZaI ST 93 SMOYS
0 1eued *(°© ‘000°0T] PU® ‘[666°6 ‘000°G] ‘(6667 ‘000°C] ‘[666°T ‘00S] ‘[66¥ ‘T] :SPLI0327EI OZIS I9PIO SALJ I0J S [[9M S SIOPIO [[B 10J SINSAL 91} Fuasald
M 'spr0dar G-TOVIT o[y S.DHS Y3 10j pauriojiad suorjendurod ay) 0} IB[TWIIS ABM B UT SISPJO0 JTWI] S[(BISNIBW PUR }o3IBW I0] spealds 9A1}09]j0
omdwod 03 sO[ QOS SHSAN 9} oSN oM ‘(] pue ) S[oURJ UJ "“UBIPOW 0JOZ B JO SISOY)0dAT oy} surese 3so) Jued Pousis UOX0I[IM B JO (sesayjuared
ur) enfea-d oy} pue (s¥g) SJULIJo0d SO[qRLIBA AWWND dY) Jo UeIpaw oY) j10dat ap\ “poriad juass-1sod Aep-0f porood e 10j pue A[ejeredes poried
1U0A9-9s0d [[0BS J0J [OPOUI 97} 9JBWIIISO 9A\ 001 91} Jo 9oLId uoTjorsURI} 9SRIoAR A[Tep oY) ST 244 pue ‘@Suet 9o11d A[rep oy} SI T ‘OWnjoA Je[[op A[rep
9} ST J0A ‘OSIMIBY)O 019Z ST pue poLrad jusss-jsod Lep-u dY) UL Aep ;¥ 9} I0J SUO JO dN[EA B} SA¥e) (U‘ ‘T = ¥) m?ﬂ 9[qeLIBA AWIUND 9Y) SI9YM

=%
M3+ MouJEA + PrTEIOA+10A TA + Amachﬁv < + doouapuy = Ppoasdgy
u

‘uoryeral SUIMOI[0} Y3 (S'TO
£q) oyeWSO 03 BYRP A[IEp SN OM ‘f [oUBJ UL SISA[EUE 9} 10 "SUOISSOI3a1 0} JO 3 Pajsnipe oy} pue ‘SI0LId PIEPUE)S JUS)SISU0I-A}IOI}SEPIIS0I30Y
S99 A\ Sulsn paje[no[ed senfea-d oY) ‘SUOISSOIS0I InoJ oY) woay sydeorojul a3 10dar op) ‘portad juass-3sod yoes 10J A[ojeredes suorssardor o) unt
M ‘sporrad juaas-aad pue -)sod o} USOM)IQ dJB SOOUDIIJIP [[V "Y003S 91} Jo 9oLId UOI}oRSURI} dFRIDAR O} UL 9OUAIYIP Y} SI 2igSayy pue ‘(seorrd
uorjoesueI) Jo aduel A[rep adeIoAr) AJ[1)R[OA ABRP-RIJUL UL 90USISYIP 93} ST MOTIHY ‘OWN[OA IB[[OP A[TBP 93RISAR UL 90USISIJIP oY) ST JOASAYY aJoym

‘13 4 YougSayved + 'moqiv ey 4+ YopSayv g + o = Ppoosdggy
:soqeLIBA
[013U00 9y} UT SaSUBYD U0 9SBqBIRP PV, 9U) WOIJ (S}Uad Ul) Speatds 9A1199]J0 apD.47 UT SaSUeyd Jo suolssardar QT Jo synsal oY) J1o0dat om ‘y [oued Ul
‘(s£ep Suipeay )T surejuod yoes) (KeA) L1—9 AN pue ‘(1dy) g1—T [Ldy ‘(Te]N) ST—F YoIeI\ ‘(99]) GT—F Areniqe,] a1e spoLiad juase-1sod oy} pue ‘(uef)
8T—2 Arenuep st porrad juass-axd oy, "Yooguad() Jo UOIIINPOIIUL S} punoIe spealds 9A1}09JJe Ul seSueyd Jo sesA[eue Jo sjnsax sjuasad a[qe) SIyJ,
SIOPI() PUk sopeL], Jo spedaadg 9A1109) T JO SIsA[euy
IA °19eL



The Journal of Finance

806

(0000°0) «+6689°0— (6500°0) «+9899'T— (6500°0) #+GLV6°0— (80T0°0) «096€°0— (T610°0) VIV 0— SIepJo [V
(T000°0) «+E9T0'T— (6500°0) w+LTGC T~ (8250°0) L306°0— (8%T1¥°0) 0696°0— (6%30°0) 69760~ se1eys (00 ‘000°0T]
(TT00°0) =9ELE 0~ (6500°0) «=9ETC T~ (€2€0°0) «VEoy 0— (0000°T) G0S0°0 (€132°0) ¥892°0—  S9IBYS [666°6 ‘000°C]
(0000°0) #+6L69°0— (6500°0) #+6EVT T~ (6%30°0) «6SVL 0~ (F%10°0) «G¥790— (80%5°0) 688¢'0—  S9IBYS [666'F ‘000°C]
(0000°0) «»+¥699°0— (0800°0) »+[9L0'T— (6500°0) «+LE16°0— (6500°0) w+LL9V'0— (T80€°0) S¥v0°0— sa1eys [666°T ‘00S]
(0000°0) #=+G6V6Y 0~ (6500°0) «+8TLL 0~ (0800°0) «+6999°0— (6500°0) «+9GE¥'0— (TS8T°0) €LST0 se1eys [66¥ ‘T
(389, or=u (389, oT="1 (3s9L 0T =1 (s9L, oT=u (389, orT="1u 9713 19pIQ £q
UOXO0O[IA\ ¢ ueIpeIy UOXOI[IM g ueIpsy UOXOI[IM d ueIpaI UOXO0I[IA ¢ ueIpaIy UOXO0I[IM ¢ ueIpaIy ppna.dSsy
Jo enyep-d) Jo enfep-d) Jo enyep-d) Jo enyep-d) Jo enfep-d)
(*S90 000°0%) SPOLIed TV ('sq0 000°8) LN ('s90 000°8) 1Ay ('s90 000°8) TN ('sq0 000°8) 9°d
KouanbeuJ A[re( oY} Je suoIssaI3oy 9)RLIBAT)[NI\ WO pajewysy soSuey)) peards oA I9PI() JO SISA[RUY (I [oUued
68°0 (0000°0) »#GVeLT—  L8'9 (§950°0) IV6T'T— 19% (98€1°0) 8L6L°0—  €9¥ (92€0°0) «889T'T— SI9PIO [V
02°'g (€880°0) €8L9'T— €LC (6010°0) «€91€¢— L80 (08L€°0) L9¥6'0—  L8C (9L€2°0) 87691~ saxeys (00 ‘000°0T]
Geo (6680°0) 8¥88'T— 9T°0— (310€°0) G¢8¢'T— GV o— (0591°0) EV69'T— 980 (T92€°0) 8¥09'T— SaIeys [666°6 ‘000°C]
cv've (9830°0) «0899'T— 8¥'¥ (0L¥9°0) 98€T°0— &89 (¥293°0) 1089¢— 60¥% (§912°0) LL89'T— saIeys [6667 ‘000°C]
08°€T (€000°0) «+[€6L°0— ¥¥'E (€000°0) «+60¥8'0— C8'T (§510°0) 0917 0—  G€'8 (L520°0) «7668°0— saxeys [666°T ‘00S]
09°L (0000°0) «+6669°0— T0'€ (0000°0) «8097'0—  ¥I'0— (LEY0°0) «019¢°0— 1€'€ (800L°0) G0€0'0 saxeys [66¥ ‘T
(% un  (OnsneIs-7 o (%un  (OnsneIs-7 o (%un  (OnsneIs-7 o (% un)  (o1sneIs-? o 9718 19pIQ £q
4 PV Joonfep-d) 4 PV Joonep-d) 4 PV Joonfep-d) 4 PV Joonep-d) PpoaLdSHYV
uep—Ae\ uep-1dy uep—IRIN uepr—qoq
(SuoTyRAISSq() (QF) UOISSOI3Y 9)BLIBAI}[NIA [BUOI}OSS-SSOI)) B UI SpealdS 9A1309J 5] IoPI() Ul SedULILHI( ) [dued
(0000°0) «+6999°0— (6500°0) I TETT— (6500°0) ++0098°0— (6500°0) =807 0— (8816°0) L800°0— ppa.LdS
(3saL oy =1v (389, or=uv (3saL or=uw (389, or=uw (389, or=1v 9[qBLIEA
UOXO0O[I\ ¢ ueIpay UOXO0O[I\ ¢ ueIpay UOXO0O[I\ ¢ ueIpay UOXO0O[I\\ ¢ uetpay UOXO0I[IM\ ¢ ueIpay
Jo enyep-d) Jo enyep-d) Jo enyep-d) Jo enyep-d) Jo enfep-d)
(*Sq0 000°03) SPoLIed TV ('s90 000°8) LB ('s90 000°8) 1AV ('sq0 000°8) 18N ('sq0 000°8) 9°d

Kousnbaur,] A[re(] 93 Je SUOISSaIZeYy 9jeLIRATINIA WOy pajewysy seSuey)) pealdg 9A1d9JJH opel], Jo sisA[euy :g [oued

panu1uo)—IA 9IqeL



Lifting the Veil 807

similar to those from the single-equation specification.!® Panel B of Table VI
presents the results of the trade effective spreads analysis with the daily time-
series specification in (3). Here as well, there is a highly significant decline in
effective spreads in three of the four post-event periods and in the regression
for the entire sample period.

While we find that effective spreads of trades decrease, Madhavan, Porter,
and Weaver (2000) document an increase in spreads following the change
in pre-trade transparency implemented by the Toronto Stock Exchange in
1990. What can explain the conflicting results? The answer probably does
not lie in differences in market structure between the two exchanges, because
Madhavan, Porter, and Weaver document the results for stocks traded on the
Toronto Stock Exchange floor that features Registered Traders who are sim-
ilar to specialists. The conflicting results may be due to developments over
the past decade in information processing, order handling, and trading tech-
nologies. The ability of buy-side traders to utilize information about the limit-
order book to improve their trading strategies is much greater today, which
may be the reason why we see emergence of an equilibrium where liquidity
improves.1”

It is important to note that the effective spread of a trade does not constitute
a perfect measure of transaction costs. A portfolio manager or an individual
investor who seeks to change his position may specify a trading strategy that
incorporates both marketable and limit orders that can be executed at multiple
points in time.!® If indeed the cost of marketable orders (effective spreads)
decreases, it is reasonable to assume that the gain to limit orders that supply
liquidity decreases as well. In an auction market, an investor can both demand
and supply liquidity, and hence the impact on his overall transaction costs is
ambiguous. Furthermore, even market and marketable limit orders that are

16 The specification of the simultaneous-equation model we used is:
AESpready = a + p1AAvgVol, + By AHiLow; + B3 AAvgPrc; + By AStdInv; + &;,
AAvgVol; = 5 + Bs AESpready + p AHiLow; + Bs AAvgPrc; + o ASysVol; + v;,

where AStdInv is the standard deviation of daily inventory closing positions of specialists (from the
NYSE’s SPETS file), and ASysVol is the systematic component of dollar volume. The systematic
component is obtained from a market model of dollar volume using one year of daily data ending
before the beginning of the pre-event period, with an equally weighted portfolio of all common
domestic NYSE stocks as a proxy for the market (see Lo and Wang (2000) and Llorente et al. (2002)
on the issue of a market model for volume). The simultaneous-equation model was estimated
using both two-stage least squares and three-stage least squares. For all post-event periods, the
magnitudes of the intercepts from the effective spreads equation and their statistical significance
were almost identical to those reported in Table VI, and are therefore omitted for brevity.

17In Baruch (2005), the proof of the result that liquidity improves with greater transparency
requires a sufficiently large market (i.e., a lower bound on the number of limit-order traders). The
average share volume in our sample is almost 20 times greater than the average share volume of
the floor-traded securities in Madhavan, Porter, and Weaver’s study, and therefore it is possible
that Baruch’s prediction is applicable to the NYSE, but not to the Toronto Stock Exchange in 1990.

18 See, for example, the experimental evidence in Bloomfield, O’Hara, and Saar (2003) on the
use of market and limit orders by traders.
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sent to the exchange can be broken down into several trades. A better measure
of the execution cost an investor incurs would benchmark the entire order to
the market price when the order is sent to the exchange.

We do not have data that enable us to follow the portfolio changes of specific
investors and examine their equilibrium trading strategies and the resulting
transaction costs. However, we can go one step beyond looking at the price im-
pact of trades by following the analysis of execution costs proposed by the SEC
in Rule 11Ac1-5.1° This rule, which went into effect in July 2001, dictates that
all market centers should provide several measures to help investors compare
the quality of execution across trading venues. Unlike the analysis of effective
spreads that we provided above, the effective spreads the SEC mandates in
Rule 11Ac1-5 are computed for orders, rather than for trades.2’

To demonstrate the advantage of using the effective spread of orders as a
measure of transaction costs, consider the following hypothetical example. Say
a marketable buy order for 1,500 shares arrives at the NYSE via the SuperDOT
system at 10:15:01 a.M. The quote midpoint at the arrival time is $30.01. The
order is executed in two trades: 500 shares at 10:15:03 A.M. for a price of $30.03,
and 1,000 shares at 10:15:10 a.M. for a price of $30.05. The quote changes in-
between these two trades and the new quote midpoint at 10:15:07 a.M. is $30.03.
The trade effective spread would have two observations: ¢2 per share for the
500-share trade and ¢2 per share for the 1,000-share trade. The effective spread
for the order, however, is computed against the quote midpoint at the time of
arrival, and is weighted by the shares in the orders, so that the effective spread
of the order would be [500 * (30.03 — 30.01) + 1000 * (30.05 — 30.01)]/1,500 =
¢3.33.21

The data that market centers publicly report to comply with the requirements
of the SEC are monthly averages of the measures. We conducted an analy-
sis of differences using December 2001 as the pre-event period and February
through May 2002 as post-event periods. The results indicated a reduction in
effective spreads of orders in all four post-event periods, with a statistically sig-
nificant difference in three out of the four periods.?? Our NYSE data, however,
enable us to take the SEC definition of effective spreads for orders and com-
pute it ourselves for the intervals we need in the pre- and post-event periods.
We therefore use the SOD files to generate effective spreads for market and
marketable limit orders for the pre- and post-event periods. In addition, we fol-
low Rule 11Ac1-5 by putting orders into size categories in terms of the number
of shares in an order ([1, 4991, [500, 1,999], (2,000, 4,999], [5,000, 9,999], and
[10,000, oc]).28

19 We thank the referee for suggesting the analysis of Rule 11Ac1-5 data.

20 See Bessembinder (2005), Boehmer (2003), and Lipson (2003) for a discussion of Rule 11Ac1-5
and analysis of data that market centers release to comply with the rule.

1 The order effective spread of a stock for a certain period is computed as the share-weighted
average of effective spreads across all orders in the period.

22 The results are available from the authors.

%3 Rule 11Acl1-5 specifies the first four categories that we use (up to 9,999 shares). We add the
fifth category for completeness.
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Panel C of Table VI presents the results of the econometric specification
in (2), where differences in order effective spreads between the pre- and
post-event periods for each order size category are regressed on an intercept
and changes in the control variables. We see that the effective spread of small
orders, up to 499 shares, decreases significantly in the last three post-event
periods. Similarly, there is a significant decrease in effective spreads for orders
between 500 and 1,999 shares in all post-event periods. In fact, the intercepts of
all post-event periods and all size categories except one are negative. A decrease
in the effective spreads of small orders, despite the decrease in quoted depth,
can be explained by the increase in limit-order volume (see footnote 14) coupled
with a better ability to make decisions about order types (e.g., taking liquid-
ity when the book is thick, while supplying liquidity when it is thin). In other
words, timing market conditions can lead to a reduction in the price impact of
marketable orders, irrespective of the change in average depth.

Panel D of Table VI presents the results of the order effective spread analysis
using the econometric specification in (3), where daily values of order effective
spreads are regressed on dummy variables and the three control variables. Here
the evidence of a decrease in order effective spreads is even more pronounced—
thereis a significant decrease in all size categories by the May post-event period.
Similarly, we observe a significant decrease in the pooled regression using all
50 days in the sample period.

The fact that the results are qualitatively similar using different econometric
specifications and multiple measures of liquidity indicates that our findings
are rather robust. The evidence we present suggests that liquidity improved
following the introduction of OpenBook.2*

D. Could the Results Just Reflect a Trend?

In the introduction we noted that our study of changes in pre-trade trans-
parency uses a single event: the introduction of OpenBook. As such, we rely
on the cross-section of stocks to provide us with statistical significance for the
changes we document. In principle, it is possible that these changes reflect a
trend that existed in the market even before the introduction of OpenBook.

To examine this issue, we would like to look at the variables prior to the
introduction of OpenBook. We therefore proceed to take another 10-day period,
August 27-September 10, 2001, and test the differences in the variables from
this period to the January pre-event period. Our choice of a “robustness” period
is driven by three considerations. First, we want the interval of time between
the robustness period and the January pre-event period to be similar to the
interval between one of the post-event periods and the pre-event period, so

24Tt is interesting to note that the effects of changes in pre-trade transparency may differ from
the effects of changes in the degree of anonymity in a market. Foucault, Moinas, and Theissen
(2003) look at Euronext Paris, which is organized as a pure electronic limit-order book. They find
that decreasing the amount of information by concealing the identities of traders improves liquidity,
while we find for the NYSE that an improvement in pre-trade transparency, holding anonymity
constant, improves liquidity.
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that we can compare the magnitude of the changes. Second, we want to avoid
looking at the variables in the immediate aftermath of September 11, 2001, due
to the unusual market conditions that prevailed. Third, we do not want to take
a period too close to January 2001 in order not to pick up the effects of changes
in the minimum tick size. The August 27—September 10 period seems like a
reasonable choice that balances these considerations (and the time interval
between this period and January 2002 is similar to the one between the pre-
event period and the May post-event period).

Table VII shows the changes from the robustness period to the pre-event
period for the variables we investigated in Sections II.A-II.C. In general, the
magnitude of the changes is much smaller than those we find following the
introduction of OpenBook, and their sign is often in the opposite direction.
Panel A reports the results on trading strategies. The cancelation rate of limit
orders decreased prior to OpenBook, time-to-cancelation increased, and limit-
order size increased. These are statistically significant changes, but they go
in the opposite direction of the results we document after the introduction of
OpenBook. There is no statistically significant change prior to OpenBook in the
floor-to-limit ratio, the specialist participation rate, or the contribution of the
specialists to the depth of the quote. In contrast, we find significant changes in
these variables from January to the May post-event period. It therefore seems
unlikely that the changes in trading strategies following the introduction of
OpenBook are simply a manifestation of a trend.

Panel B of Table VII presents the results of changes in the informational
efficiency variables. None of the changes is statistically significant (and they
are all positive, as opposed to the negative changes we document following the
introduction of OpenBook).

Panels C and D contain the analysis of liquidity using the econometric spec-
ifications in (2) and (3). We observe that depth in the book declines from the
robustness period to the pre-event period, and so our finding in Section II.C
of an increase in depth does not reflect a trend that existed prior to the intro-
duction of OpenBook. Trade effective spreads seem to decline, but the results
are rather weak. The intercept from the regression of changes in trade effec-
tive spreads is weakly significant, but much smaller in magnitude than the
results we document over a similar time interval from January to May (Table
VI, Panel A). The change in trade effective spread is not statistically signifi-
cant in the multivariate regression at the daily frequency that we implement
to mitigate the effect of cross-correlated errors. The effective spread of orders
demonstrates no significant change from the robustness period to the January
pre-event period.?® It therefore seems that the pronounced change in liquidity
that we observe after the introduction of OpenBook cannot be solely attributed
to a trend.

% For the sake of brevity, Table VII omits the analysis of depth and effective spreads by categories.
There was no significant increase in depth from the robustness period to January in any of the
distance-from-quote categories, and no significant change in order effective spreads was found in
any of the size categories. These results are available from the authors.
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Table VII
Investigating the Possibility of a Trend

This table presents results of changes in trading strategies, informational efficiency, and liquidity
in the months before the event. These results can be used to judge whether there is a secular trend
in the variables we analyze in Tables II-VI. We examine the differences in these variables between
the 10-day period of August 27—September 10, 2001 (Sep01) and the pre-event period of January
7-18, 2002 (Jan02). In Panel A, ACancRate is the change in cancelation rate, defined as the ratio
of the number of canceled limit orders to the number of limit orders submitted; ATimeCanc is the
change in the number of seconds between submission and cancelation of limit orders; ALimitSize is
the change in the average size of limit orders in shares; AFloor/ Lmt is the change in the ratio of the
number of shares executed by floor brokers to the number of shares executed using limit orders in
the book; ASpecRate measures the change in the specialists’ participation rate in terms of number
of shares; and ASpecDepth is the change in the specialists’ total commitment (in dollars) on the bid
and ask sides of the quoted depth. In Panel B, AVR(s/p) is the change in the ratio (in percentage
terms) of the variance of the discrepancies between log transaction prices and the efficient (random
walk) price to the variance of log transaction prices; A|Corr30| and A|Corr60| measure the changes
in the absolute value of first-order autocorrelations of quote-midpoint returns using 30-minute
and 60-minute returns, respectively. For all variables in Panels A and B, the table reports the
cross-sectional median and the p-value (in parentheses) of a Wilcoxon signed rank test against
the hypothesis of a zero median. Panels C and D present the results of the analysis of changes in
liquidity variables. A description of the regressions in these panels is detailed in the text of Tables
V and VI. *Indicates significance at the 1% level and * indicates significance at the 5% level (both
against a two-sided alternative).

Panel A: Differences in Trading Strategies Jan02—Sep01

Variable Median (p-Value of Wilcoxon test)
ACancRate —0.0229** (0.0000)
ATimeCanc 20.620** (0.0000)
ALimitSize 49.902** (0.0000)
AFloor/Lmt —0.0058 (0.2321)
ASpecRate —0.0017 (0.1969)
ASpecDepth 964.30 (0.6400)

Panel B: Differences in Informational Efficiency Jan02—Sep01

Variable Median (p-Value of Wilcoxon Test)
AVR (s/p) 0.00003 (0.4783)
A|Corr30| 0.00031 (0.9891)
A|Corr60| 0.01918 (0.0845)

Panel C: Differences in Liquidity Variables in a Cross-Sectional Multivariate
Regression Jan02—Sep01

Variable a (p-Value of t-Statistic) Adj R? (in %)
ADepth —1683.49** (0.0014) 11.75
Trades AESpread¢ —0.3238* (0.0291) 3.43
Orders AESpread¢ 0.6964 (0.1450) 7.59

Panel D: Analysis of Liquidity Changes Estimated from Multivariate Regressions
at the Daily Frequency Jan02—-Sep01

Variable Median 8 (n = 10) (p-Value of Wilcoxon test)
Depth —2799.40** (0.0059)
Trades ESpread¢ —0.2965 (0.1029)

Orders ESpreadg¢ 0.3344 (0.2622)
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III. Conclusions

The structure of securities markets in the United States and around the
world is undergoing many changes. Various competing market structures were
introduced into U.S. equity trading by alternative trading systems, and the
SEC has been instrumental in providing the conditions that helped these new
trading platforms to flourish. In particular, the SEC has pushed for greater
pre-trade transparency by mandating certain display requirements for limit
orders (affecting both market makers and alternative trading systems orga-
nized as electronic limit-order books). The insistence of the SEC on pre-trade
transparency stems from its conviction that transparency improves not just
price discovery, but also the fairness, competitiveness, and attractiveness of
U.S. markets (see U.S. SEC (1994)).

So far, however, there has been no consensus in the academic literature on
whether greater pre-trade transparency in the sense of disclosing more infor-
mation about limit orders in the book is beneficial. Our results provide empirical
support, for the first time, for the view that improved pre-trade transparency
of a limit-order book can be good for investors. Our focus on the largest eq-
uity market in the world and the quality of the order-level data we use make
our findings even more significant in the debate among academics and policy
makers.

We find that investors do change their strategies in response to the change
in market design: They submit smaller limit orders and cancel limit orders in
the book more quickly and more often. These findings are consistent with a
more active management of trading strategies in the face of greater risk of or-
der exposure. Additionally, we find that traders shift activity away from floor
brokers toward electronically submitted limit orders. This may indicate that
OpenBook enables traders to implement more complex strategies themselves,
and therefore reduces their need to delegate that responsibility to floor bro-
kers. We also find that NYSE specialists change their behavior in that they
trade less, and together with floor brokers, add less depth to the quote. These
changes can reflect the increased risk in proprietary trading without the help
of privileged information about the book, a crowding out effect that results
from increased competition provided by active limit-order trading, and a shift
in investor strategies from using floor brokers to using limit orders submitted
electronically via SuperDot.

The equilibrium effects on the state of the market, both in terms of liquidity
and informational efficiency, seem to suggest that increased transparency is
a win—win situation. We find some improvement in informational efficiency
following the introduction of OpenBook, an increase in displayed liquidity in
the book, and a decline in the price impact of trades and marketable orders.

The results we document point to two welfare redistributions that are pos-
sibly associated with the introduction of OpenBook. The first is from liquid-
ity suppliers to demanders. The decrease in the price impact of trades and
marketable orders reduces the compensation for liquidity provision, hurting
limit-order suppliers and specialists. The second is from NYSE members to the
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exchange itself. We document a decrease in the specialist participation rate,
and the evidence of a shift from floor to limit orders is consistent with a de-
cline in the business of floor brokers. At the same time, the NYSE generates
revenues from the OpenBook service.

Since we do not observe the complete trading strategy of each investor, we
are unable to judge whether the trading costs of investors who utilize both
market and limit orders in the new regime are lower than the trading costs
when traders did not have information about the book. Nonetheless, there are
some reasons to believe that improved liquidity per se can be beneficial for
a market. Liquid markets may encourage investor participation. Firms may
benefit from liquid markets either because some aspects of liquidity are directly
priced (e.g., Amihud and Mendelson (1986) and Easley and O’Hara (2004)) or
because greater investor participation lowers the required return in the spirit of
Merton (1987). It is important to note, however, that we do not provide evidence
for the changes to the total welfare of investors or the cost of capital of firms,
but rather document improvements in liquidity and informational efficiency
following the introduction of OpenBook.

Beyond providing support for the SEC’s beliefs about the importance of trans-
parency to the quality of U.S. markets, our analysis provides evidence that
market design indeed has substantial implications for investors. NYSE mate-
rial stresses that OpenBook was designed to increase transparency in a dec-
imal trading environment. Because the idea of publicly distributing informa-
tion about the book has been around for many years, implementation at this
time indeed seems to have been in response to the change in the tick size. In
a sense, one regulatory change in market design (the reduction in tick size)
caused the NYSE to implement another change in market design (improving
pre-trade transparency). The current securities trading environment is charac-
terized both by frequent regulatory interventions and by competitive pressures.
The experience with OpenBook suggests that markets can and should respond
to changes in their environments by modifying the design of their trading sys-
tems to better meet investor needs.
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