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A Specialist’s Quoted Depth and the Limit Order Book

The goal of this paper is to investigate whether specialists use quoted depth as a strategic choice
variable. In particular, the paper investigates whether specialists manage quoted depth to reduce risks
associated with information events. In order to study specialists’ behavior, quoted depth must be
partitioned into the depth provided by the specialist and depth in place on the limit order book. To
accomplish this partitioning, estimates of limit order books are compiled. The analysis details how
specialists update their quotes in relation to an evolving limit order book. In addition, the analysis
conducts an event study which shows that both specialists and limit order traders reduce depth around
earnings announcements thereby reducing their exposure to adverse selection costs. The results also
show that the specialists selectively supply liquidity by reflecting the interest on the lirnit order book on
the side (or sides) of the market where they believe there is a chance of informed trading. Changes in
quoted depth are shown to be consistent with specialists managing their inventory positions as well as
having knowledge of the future value of the stock.



I. Introduction

Much market micro structure litérature demonstrates how a specialist uses quoted prices as an
instrument to manage inventory, mitigate the adverse selection problem, and promote price discovery.
Well known examples include Garman (1976), Amihud and Mendelson (1980), Glosten and Milgrom
(1985), and Leach and Madhavan (1992).

Equally important, but less investigated, is the quantity aspect of a specialist's price schedule. A
specialist posts a bid deptil and an ask depth, in addition to the bid and ask prices, which specify the
maximum quantities for which the respective prices apply. Specialists change their quoted depth in
ninety percent of all quotes changes, moreover, fifty percent of all quote changes are unaccompanied by
changes in quoted prices. Therefore, specialists actively manage their quoted depths even when prices
are not changing.

The primary objective of this paper is to empirically investigate whether specialists use depth as a
strategic choice variable to regulate the amount of liquidity they provide. Other important suppliers of
liquidity, and competitors to specialists, are public limit orders. Given the public order precedence rule
(see 2092 of the NYSE Rules), limit orders at the quoted prices have priority over the specialist’s
interest. Consequently, to analyze depth contributed by the specialist at any point in time, it is necessary
to have an estimate of the limit order book that the specialist is maintaining. The difference between the
quoted depth and the depth on the limit order book is the specialist’s contribution to depth.

The results show that specialists selectively supply liquidity by reflecting the interest on the limit
order book on the side (or sides) of the market where they believe there is a chance of informed trading.
By posting a price schedule that mirrors the volume at the best buy and sell limit order prices, specialists
ensure that any trader demanding immediacy will be crossed with limit orders on the limit order book
rather than with their inventory. Changes in quoted depth are shown to be consistent with specialists
managing their inventory positions as well as having knowledge of the future value of the stock. Finally,

-

both specialists and limit order traders reduce depth around earnings announcements thereby reducing



their exposure to adverse selection costs.

This work is related to a number of arcas of ongomg financial research. On the theoretical front,
early work that addressed the quantity aspect of a specialist's price schedule took quantities as exogenous
and proceeded to solve for the equilibriumn price for each quantity abstracting from any interaction with a
limit order book. Examples include Easley and O'Hara (1987) who assumed two possible quantities
(large and small) and Glosten (1989) who solved for the complete price/quantity function. More recent
work by Rock (1990), Kumar and Seppi (1994} and Seppi (1997) advance the basic model by
incorporating the interaction between the specialist and the limit order book, yet their models provide no
role for the specialist’s quoted depth. Another tact taken by Dupont (1994) and Kavajecz (1996) ts to
start with the assumption that the specialist posts. a price schedule, in the absence of a limit order book,
which specifies a bid, bid depth, ask and ask depth. This schedule specifies that the specialist is willing
to purchase (sell) shares a;t the bid (ask) up to the amount specified by the bid (ask) depth. The advantage
of this construct is twofold. First, it matches the actual price schedules posted on the New York Stock
Exchange (NYSE) and, second, it endogenizes the quantity aspect allowing it to be a choice variable of
the specialist. Dupont and Kavajecz suggest that one reason a specialist may move his depth quotes is to
reduce adverse selection costs. This paper combines the specialist/limit order book interaction of the
Rock (1990), Kumar and Seppi (1994) and Sepp1 (1997) models with the strict specialist price schedule
of the Dupont (1994) and Kavajecz (1996) models.'

The remainder of the paper is organized as follows. Section II describes the TORQ) data set and
the procedure used in constructing the estimates of the limit order book. In addition, descriptive statistics

provide cross-sectional properties of the constructed limit order books. Section HI details the interaction

‘There is also a growing empirical literature on limit order books; however, this literature’s primary focus
has been pure limit order book markets rather than specialist markets. Examples include: Niemeyer and Sandas
(1993), Stockholm; Hedvall (1994), Helsinki; Lehmann and Modest (1994), Tokyo; Niemeyer {1994}
Helsinki/Stockholm; Biais, Hillion and Spatt {1995), Paris; DeJong, Nijman and Roell (1995), Paris; Frino and
McCorry (1995), Australia; Hamao and Hasbrouck (1995), Tokyo; Hollifield, Miller, Sandas {1996), Stockholm;
and Sandas (1996), Stockholm.



between the specialist and the limit order book for one stock on the day of a quarterly earnings
armouncement. The example demonstrates a number of properties that will be shown to hold more
generally. Section IV performs the empirical test of depth contribution around information events.

Section V concludes.

IL Limit Order Book

A limit order directs a broker (or exchange) to purchase (sell) a specified quantity at the best
available price not to exceed a maximum (minimum) acceptabie price. A limit order book is a collection
of limit orders submitted by traders that is maintained by the exchange (or specialist if at the NYSE)
pending execution or further action by the issuers.” By submitting a limit order a trader is providing
other fnarket participants with the ability to execute against his limit order. This is the sense in which
limit orders provide liquidity to those who demand immediacy. The limit order book is crucial to the
analysis of depths because, as a matter of trading protocol, the specialist is required to better any limit
order price before he can take the trade himself (see 9§ 2092 of the NYSE Rules). To assess whether the
specialist or the limit order book is supplying the liquidity in the market, one must compare the

specialist’s quotes with the best limit orders on both sides of the market.

II.1  Data and Methodology

The TORQ (Trades, Orders, Reports, and Quotes) database covers 144 NYSE listed securities
over the three months, November 1990 through January 1991. As its name suggests, the TORQ data set
contains information on all trades that took place, all orders that were placed via one of the automated

routing systems, a detailed report of the counter parties to transactions and the specialist's prevailing

*The limit order book originaily got its name because it was in fact a ledger that the. specialist carried and
logged limit orders.



quotes.” The data on the orders allow for the construction of an estimate of the limit order book. The
estimate is incomplete in the sense that the data only include orders that are placed through one of the
automated routing systems. Orders brought to the floor via a floor broker are not included. Table 1
contains a list of the stocks in the TORQ sample. Firms are separated into deciles with fifteen in each of
the first four deciles and fourteen in each of the six remaining deciles. Stocks are ranked by average
daily tlrading volume over the sample period.*

The TORQ database contains three major types of records: orders, executions and cancellations.
Each order record specifies among other things, the date and time of submission, the type of order, the
order quantity, and the limit price. Execution and cancellation records provide similar information about
the underlying order as well as information specific to the execution or cancellation, such as the
execution {(cancellation) date and time and guantity executed (canceled). The principle behind the limit
order book estimation is that at any instant in time, the limit order book should reflect those orders
remaining after the orders placed prior to the time in question are netted with all prior execution and
cancellation records.

The estimation 1s done in four steps. The first step entails identification of existing limit orders at
the time the sample started; these are limit orders submitted prior to Novermnber 1, 1990 which up to that
point had not been executed or canceled. I call this the prebook. Since the orders sought were placed
prior to the start of the database, there are no corresponding order records included in the database.
Instead, | must infer the existence of the order from subsequent execution and cancellation records. The
prebook is constructed by searching over all available records for a given stock and retrieving any

execution or cancellation records which refer to an order placed prior to the start of the sample period.

*This data does not give an estimate of the specialist's inventory.

“Decile rankings were also done using CRSP data on market capitalization at the 1990 year end. These
alternative rankings can also be found in Table !. Although the results are largely the same under either ranking
mechanism, trading activity seems to be a better predictor of limit order book properties.



Those records are then converted into order records making up the existing limit order book at the
beginning of the sample period.

After the prebook is constructed, current records in the database are processed. To estimate the
lirnit order book for a given date and time, all records with a date and time stamp prior to the chosen date
and time are selected and separated into their respective categortes: orders, executions and cancellations.
The second step in the procedure adds the current orders to the prebook; the result is a listing of all
known orders placed prior to the chosen date and time.

Step three entails matching order records with execution records. Recall that execution records
contain all the information about the underlying order. This makes it possible to determine which orders
were executed. Those orders having matching execution records are eliminated. The remainder are
orders or residual orders that were unexecuted prior to the chosen date and time.

The last step performs the analegous procedure using cancellation records. Current cancellation
records are matched with the remaining order records and any order with a matching cancellation record
is eliminated.” The remaining order records are orders that were placed prior to the chosen date and time
and were not executed or canceled in entirety.® This residual is the limit order bock estimate for the
chosen stock at the chosen date and time.

Not all the execution and cancellation records match up to orders as they should. Moreover,
orders remain on the limit order book that clearly should have been either executed or canceled. An
example of this problem is when there is a buy order on the limit order book that is above the posted ask.
This scenario would warrant immediate execution of the 'misplaced’ order. Problem records such as these

are eliminated. These problems could have arisen from typographic errors or missing records, both of

*Executions are handled before cancellations because execution records provide more fields to match with
the ortginal order; therefore it is harder to mismatch an execution than it is to mismatch a cancellation.

*There are partial executions and partial cancellations. This entails an execution or cancellation of a
fraction of the original order, where the residual order remains as an active limit order.



which would make matching records impossible. Table 2 shows the average number of records
processed for each decile and the average percentage of each record type that is discarded. In addition,
the analysis is done on an individual stock basis in the lower panel. The median stock has less than one
half of one percent (0.48%) of their records discarded with the worst case discarding 4.17% of its total
records. The fact that the vast majority of the records match up exactly suggests the procedure provides a
fairly clean estimate of the limit order book.

A limit order book is estimated at thirty minute intervals for all sixty-three business days in the
sample period yielding a maximum 882 limit order book estimates for each of the 144 stocks in the
sample.” Table 3 provides an example of one such limit order book for Federal Express on November 21,
1990 at 12:00 Noon. The exhibit is organized with sell orders in the upper left corner and buy orders in
the lower right corner. The limit orders are listed in increasing price/time priority on the ask side and
decreasing price/time priority on the bid side. Each order specifies: the date and time (if known) of
placement, the side of the market [regular sell orders (SEL), short-sales (SST) and buy orders (BUY)],
the duration of the order [good-until-canceled (GTC) and day], the number of shares, and the limit price.®
Between the buy and sell limit orders the prevailing NYSE quote and the best Non-NY SE quote are
listed.”

As a bit of an mtroduction, as well as an illustration of some the recurring themes of this paper,
note the following. First, the specialist is providing liquidity only on the bid side of the market. On the

sell side, the two best limit orders at 32%a totaling 2,100 shares is more than the ask depth posted by the

"Estimates were calculated at the time of the opening quote and are calculated each half-hour on the haif-
hour thereafter. For example, if a stock opened at 9:40:28 AM, an estimate would be taken at that time and then
estimates would be done at 10:00:00, 10:30:00, etc. The number of limit order books for each stock is approximate
because occasional late openings (later than 10:00:00) caunses differences in the number of estimates for each stock.

*Time of placement is not known for orders placed prior to the start of the database.
*The Non-NYSE trading venues are: Boston, Cincinnati, ITS, Midwest, Instinet, Pacific, NASD and

Philadelphia. Note that not all Non-NYSE venues make a market in all stocks. The calculation of the best Non-
NYSE quote is done independently on the bid and ask side of the market.
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specialist. In contrast, the specialist is posting a bid depth of 5,000 shares of which 1,100 1s attributed to
the limit order book and the additional 3,900 shares is attributed to either the specialist or floor traders.
Second, in addition to the NYSE specialist and limit order book, liquidity may also be supplied by Non-
NYSE trading venues; however, the best Non-NYSE quotes often entail worse prices and substantially
smaller depths. Lastly, one can see from the dates and times that orders are placed on the book, that the

majority of limit order activity takes place at or near the best bid or best ask.

II.2  Limit Order Book Summary Statistics

This section investigates the potential for liquidity provision that the limit order books have on
the NYSE. For instance, do the limit order books have sufficient shares to be meaningful providers of
depth? Table 4 shows the aggregate amount of depth provided by the limit order book. The table
displays the average number of orders and the average total volume expressed both in shares and as a
percentage of average daily trading volume. The figures suggest that there is a substantial number of
shares pledged on these limit order books, with a minimum of a block (10,000 shares) on both sides of
the market for all but the smallest stocks.'” In addition, the average number of orders imply that the
compasition of limit order books is made up of increasingly larger orders as the stocks get smaller (less
frequently traded). Even though these stocks have fewer shares on their limit order books, they are able
to accommaodate a much larger fraction of average daily trading volume than are the larger stocks.

Although the limit order books seem to provide a good deal of depth, what really matters is the
amount of depth provided ar the market. It is this depth that is crucial when comparing the specialist’s
depth quotes with the book. Table 4 also describes the depth at the best bid and ask limit prices. Asa

percentage of the total volume on the book, depth at the market ranges from nine percent to fifty percent.

*9The significantly larger volume in the ‘Large’ decile is driven by six stocks: Boeing (BA), General
Electric (GE), Internattonal Business Machines (IBM), Philip Morris (MO), American Telephone and Telegraph
(T), and Exxon {XON). These are the only stocks in the sample included in the Dow Jones Industrial Average.



Interestingly, the percentage of depth at the market is larger for the stocks with the lowest average daily
trading volume.

Table 5 investigates the spread on the limit order book as well as the dispersion of shares away
from the best prices. The spread on the limit order book can be very large, both in terms of dollars and
percentages, averaging $0.75 or 7.96% across all stocks. Contrast that with the specialist’s qubted spread
which averages $0.23 or 3.96%. This suggests that the specialist plays an important role in narrowing the
spread that market participants face when demanding liquidity especially for smaller (less frequently
traded) stocks.

The outside columns of Table 5 display the dispersion of volume on the buy side and sell side of
the book. The dollar dispersion on the buyside of the book is the dollar difference between the best
buyside limit order price and the volume weighted limit price on the buyside of the book. The dollar
dispersion on the sellside is defined analogously. The percentage dispersion is the dollar dispersion
divided by the limit order book’s bid-ask midpoint. Notice that the buyside has a dispersion of $1.55 or
9.53% while the sellside has a dispersion of $1.66 or 24.63%. Although the difference between the
percentage dispersions is significant at the 0.1% level it may simply be an artifact of the stock price being

bounded at zero on the buyside and unbounded on the sellside.

11 Evolution of a Limit Order Book

This example follows a sequence of market snapshots that highlights how both the limit order
book and the specialist's quotes evolve through time. The strength of presenting an example 1s that is
does not wash away the subtleties of the interaction between the specialist and the limit order book that
aggregation often does; however, the weakness of presenting an example is its lack of generality. The
generality of the example characteristics are investigated in the next section.

The subject is Waban Incorporated, stock symbol WBN. Waban was created in June 1989 when

Zayre Corporation spun off its Warehouse Club division, consisting of HomeClub and BJ's Wholesale



Club, to its shareholders.'" Waban’s stock began trading on the NYSE on June 15, 1989. I focus on the
day of the 1990 third quarter earnings report announced on Tuesday, November 13, 1990 at 11:05 AM
EST. Figures 1 through 4 detail the progression of the limit order book and specialist's quotes at
10:30AM, 11:00AM, 11:10AM, and 1:00PM respectively. The figures presented here are organized
much like the Federal Express example shown in Table 3, with the exception that the limit order books
are agpregated by limit price.

November 13, 199G at 10:30 AM

The specialist's quote at 10:30AM is 87 ask and 8% bid, with an ask depth of 3,000 and a bid
depth of 5,000, see Figure 1. The limit order book also has an ¥ spread with the best sellside limt1t orders
posting 6,000 shares and the best buyside limit orders posting 650 shares."? The specialist is providing
additidnal depth on the bid side of the market by contributing 4,350 shares and is not reflecting the full
interest on the limit order book on the ask side of the market.”” The strategy of posting the same price
and the same depth (or in this case, smaller depth) as the best sellside limit order insulates the specialist
from any informed traders wishing to purchase shares, since the specialist is able to, and in fact must,

pass the purchase order through to cross with the 6,000 shares at §%."

HomeClub, currently named Homebase, is a merchandiser of home improvement products and building
supplies. Homebase stores are located in the Western and Southwestern United States. BJ's Wholesale Club is a
membership warehouse club chain located in the Northeastern United States, selling food and general merchandise
at discount prices.

"*The sides of the market are stated from the perspective of a liquidity provider. The specialist or limit
order trader buys at the bid and sells at the ask. Therefore, the sellside of the limit order book competes with the

specialist’s ask side of the market and the buyside of the limit order book competes with the specialist’s bid side of
the market.

“There are a number of reasons why a specialist may not reflect the full interest on the limit order book in
the posted quotes: (1) a trader can request that his limit order not be reflected in the quotes, (2) it could be an error
in the estimation of the book and (3) since at this time the specialist was not required to reflect the depth in his
quotes he could be acting strategically.

"“This discussion of liquidity provision ignores any interactive mechanism that spectalists can use to supply

liquidity, for instance, stopping an order or providing price improvement. For an detailed discussion of these topics
see Ready (1996). :



10

November 13, 1990 11:00 AM

Figure 2 shows the limit order book at 11:00 AM, five minutes prior to the earnings
announcement. The limit order book maintains its spread of ' at 878 ask and 8% bid, but the specialist
widens his spread to ¥ by posting 9 ask and 8% bid. Consistent with the earlier figure, the specialist
provides no depth on the ask side and adds 1,400 shares to the depth already provided by the book on the
bid side. Notice that the specialist has left sellside orders totaling 9,000 shares hidden at 874. This
phenomenon of hidden limit orders highlights two important ideas that have received attention in the
micro structure literature.

First, it demonstrates the importance of the effective spread (versus the posted spread) and
tllustrates one of the reasons trades receive price improvement. Petersen and Fialkowski (1994) and
Angel(1994) show that a better measure of the true transactions costs market participants face is the
effective spread. For example, in Figure 2, the effective spread is V&, if a market buy order was submitted
and was executed against the hidden limit orders at 874, the market order is said to have received an Va
price improvement. Angel estimates that if hidden limit orders like the ones shown here, were reflected
in quotes, the r.ate of price improvement would fall by fifteen percent.

Second, the exarnpl.e shows the specialist backing away from any incoming purchase orders
leaving the limit order book, and in particular the hidden orders, to take the brunt of any potential
informed buying. The positioning of the specialist’s quotes relative to the limit order book provides an
excellent example of the 'second adverse selection problem' described in Rock (1990). Rock shows that
in a model with a specialist and a limit order book competing for order flow, the specialist has an
incentive to take the profitable trades and pass the unprofitable ones on to the limit order book. Not only
must the limit order traders take into account the unconditional probability of trading with someone who
is better informed, the specialist makes the problem more acute by siphoning off the uninformed
orderflow and passing on the informed orderflow. This is also reminiscent of the Seppi (1997) model. In

Seppi’s model, the specialist allows an incoming market order to cross with the limit order book for limit
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prices less than or equal to the clean-up price (p*), or equivalently, for order sizes less than or equal to
the minimum volume threshold (S). Residual shares are then executed against the specialist inventory at
the clean-up price. The clean-up price in this example would be nine and the minimum volume threshold
would be 9,000 shares.

November 13,1990 11:10 AM

At 11:05 AM, Waban announces that third quarter eamings increased ten percent over the
previous year's third quarter earnings. Within five minutes of the announcement the specialist's schedule
reflects a ¥ point increase leaving the prices at 9% ask and 9 bid, see Figure 3. The specialist's
contribution to depth becomes 0 shares and 1,000 shares for the ask and bid side respectively. Even
though the limit order book widens it's spread to ¥s, the specialist continues to post an ask price that is Ya
higher'than the best sell side limit order. In other words, the specialist again allows the limit order book
to be the counter party to any purchase order demanding immediacy. The record of limit prder book
activity over the last ten minutes reveals that there were three buy limit orders executed for 400, 1,000
and 3,000 shares. The 400 and 1,000 share orders were executed against market sell orders and the 3,000
share order was crossed with limit sell orders. Over the same time period, there were twenty-three sell
limit orders executed totaling 38,200 shares (13,900 shares of new orders and 24,300 shares of existing
orders). Of the 38,200 shares, 1,500 shares were executed against market purchase orders, 3,000 shares
crossed with limit purchase orders and the remaining 33,700 shares have no apparent counter party on the
buyside of the market. This discrepancy reveals that either floor brokers, or possibly the specialist, took
the opposite side of those sell orders by purchasing the stock.

November 13, 1990 1:00 PM

By 1:00 PM the specialist's prices edge up s to 9%& ask and 9% bid, see Figure 4. Now the
specialist’s depth contributions are 800 shares on the ask side and 5,000 shares on the bid side. The best
limit order book prices are unchanged at 9% and 9, yielding a limit order book spread of %s. The fact that

the specialist is comfortable posting more depth than the limit order book on both sides of the market may
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signal that the uncertainty associated with the announcement is subsiding. Interestingly, a segment ran in
the Investor's Daily on November 14, 1990 reporting that Waban's stock rose 7 on the news that third
quarter profits were up ten percent. In addition, the story stated that "... the stock has been under
accumulation by insiders.”

Figure 5 provides a comprehensive summary of the interaction between the specialist's quotes
and the best limit orders for the times discussed in the example as well as additional times surrounding
the announcement. Specifically, the figure shows that the specialist's posted spread increases ahead of
the earnings announcement and remains at that wider level until much of the uncertainty associated with
the earnings announcement is resolved {Panel 1). A comparison of the specialist’s and limit order book's
contribution to depth over this period reveals that the iimit order book is providing the liquidity on the ask
side {Panel 2) and the specialist is providing the liquidity on the bid side (Panel 3).

In summary, the Waban example illustrates how a specialist can use his depth quotes to eliminate
any unwanted trades by passing them on to the limit order book. Furthermore, this can be done on only
one side of the market if necessary. Lastly, the scenario outlined in the example is consistent with the

idea that the specialist may have good information about the future direction of the stock price.

1.1  Generalization of Example Characteristics

Although useful for intuition, the example provides only a single case. This section investigates
the generality of the example characteristics and the potential causes. The Waban example demonstrates
how specialists can position their quotes to reflect the interest in the limit order book thereby reducing
their exposure to adverse selection costs. Table 6 investigates how often specialists position their quotes
in this way. Columns one through four of Table 6 partition the buyside into four cases, columns seven
through ten partition the sellside analogously. The first and seventh columns shows the percentage of

time when the specialist’s price are inferior to the best limit order on the buyside and sellside
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respectively. These columns depict instances when there are hidden limit orders."”” The second and
eighth columns show the percentage of time that the specialist posts a price equal to the best limit order
and a depth quote that is less than or equal to the volume of shares on the book at that price. Here, the
specialist's quotes are mirroring the interest on the limit order book. The specialist is immune from any
adverse selection costs since he is required to pass orders on to the book. The third and ninth columns
show the percentage of time that the specialist posts the same price as the best limit order and the posted
depth is greater than the volume on the book at the best limit order. The difference between the quoted
depth and the depth on the book is the additional depth provided by the specialist."® Lastly, column four
and ten show the percentage of time that the specialist posts a better price than what is on the limit order
book. The specialist is providing 100 percent of the depth at the market. On one hand, Table 6 shows
that the specialist is either providing additional depth or bettering the price, between fifty and seventy-
five percent of the time. On the other hand, between twenty-five and fifty percent of the time, the
specialist effectively removes himself from one side of the market; therefore, the specialist is not
systematically reflecting the book, rather he is selectively providing liquidity and selectively protecting
himself from the market'’. Columns five and six give information on the depth provided on the buyside
by the limit order bock and by the specialist respectively. Columns eleven and twelve provide similar
information for the sellside. Conditional on posting the best available price, both the specialist and the

limit order book are credited with the volume for which they would be the counter party should a trader

** For an example of hidden limit orders see Figure 2.

*$Greene (1995) provides an algorithm to infer transactions crossed with limit order book. Assuming the
specialist is likely to adjust his depth quote when he is reflecting some portion of the depth on the limit order book
and that depth is subsequently altered, we see that the percentages obtained {rom summing columns one, two and
three (seven, cight and nine} are broadly in line with the 77.36% (mean) and 50% (minimum) success rate of his
algorithm.

’Cao, Choe and Hatheway (1997) argue that there are important differences in the behavior of specialist
firms. In principle, differences in the choice to reflect the limit order book in the posted price schedule could be
driven by this effect; however, in practice 34 specialist firms are represented in the TORQ sample with no one
specialist firm maintaining a majority in any one decile.
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wish to trade. These columns reveal that both the limit order book and the specialist provide essential
liquidity to the market. In general, the book provides more of the depth for the .smaller (less frequently
traded) stocks and the specialist provides more of the depth for the larger (more actively traded) stocks.
This is consistent with the idea that smaller (less frequently traded) stocks tend to have both higher
inventory costs and greater risks of informed trading; therefore, the specialist protects himself by
reflecting the interest in the limit order book more often.

Anothér way quoted depths can be used strategically is to compete for orderflow across
exchanges. A good example of this strategic use of depths are Non-NYSE quotes. Typically, Non-
NYSE irading venues match the NYSE's prices but post significantly smaller depth. This allows.the Non-
NYSE venues the opportunity to participate in the uninformed/retail orderflow while avoiding the
informed orderflow. Table 7 compares quotes at Non-NYSE venues to quotes at the NYSE.
Approximately ninety percent of the time, the Non-NYSE trading venues either post inferior prices or
match the NYSE prices and post smaller depth quotes. Furthermore, the differences in posted depth are
substantial. Consequently, there is a large difference in the conditional depth, provided by the NYSE and
the Non-NYSE trading venues."® The following simple exercise provides the most compelling evidence

~of this phenomenon. After grouping all the available quotes from the TORQ database by the originating
exchange regardless of the stock, a frequency distribution was calculated for the posted depths. The 95
percenttle for the posted depth on each of the trading venues is as follows: Boston 100; Cincinnati 5,000;
Midwest 1,000; NYSE 45,000; Pacific 2,000; Philadelphia 100. Both the Boston and Philadelphia
exchanges post the minimum depth of 100, ninety-five percent of the time across all stocks in the TORQ

sample.'” Even though the other trading venues post larger depth, they too are considerably smaller than

*The specialist’s contribution to depth plus the limit order book’s contribution in Table 6 does not sum to
the depth attributed to the NYSE in Table 7 because the NYSE figures are the quoted depths while the specialist and
limit order book contributions may be greater or less than the quantity posted.

*Market makers on competing exchanges are allowed to ‘trade-through’ a quote posted for 100 shares on
the Intermarket Trading System (ITS). This violation of price priority is allowed because quotes posted for the
minimum depth of 100 shares are typically autoquotes, which mirror the prices on a competing exchange.
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the comparable NYSE figure,

Thus far T have demonstrated two ways quoted depths can be used by a market makers to
compete against other liquidity providers, whether the other liquidity provider is the limit order book or
another exchange. What remains to be answered is when and why the market maker chooses to use this
tool. For the remainder of this section the analysis focuses on two possible rationales why a specialist
might chose to reflect the limit order book in his quotes. First, the specialist may be actively managing
his inventory position by taking on larger buy orders and/or curtailing sell orders if his inventory is too
short or by taking on larger sell orders and/or curtailing buy orders if his inventory is too long. Second,
the specialist could be informed about the direction of the stock price. Positioning the price schedule to
reflect the limit order book on the sellside as well as adding depth on the buyside when the stock is
under¥alued shields the specialist from being the counter party to informed traders and simultaneously
positions himself to purchase undervalued shares. Positioning the price schedule using the opposite
strategy would exploit an overvalued stock for the same reasons. These two possible rationales are
investigated in turn.

Since tests of inventory management cannot be done directly due to a lack of inventory data, any
test must condition on some observable variables that impact the specialist’s inventory position. One
simple conditioning rule would be to condition on changes in the posted bid and ask. Consider the
following scenario. Suppose prices have been rising due to buying pressure or falling due to selling
pressure, and ﬁssume that the specialist has been providing at least some of the liquidity, then over this
period, the specialist’s inventory position would be reduced if prices were rising and increased if prices
were falling. Actions that are consistent with inventory management are for the specialist to reflect the
sellside of the limit order book after prices have been rising to curtail further reductions in his inventory
and to reflect the buyside of the limit order book after prices have been falling to curtail further increases
in his inventory. The top panel of Table 8 conditions the limit order book/quote sample on two

consecutive prior price increases (columns one through four) and decreases (columns five through eight).
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The table provides a break down of the sample by whether the specialist is reflecting the limit order book
on both sides, the sellside (ask side), the buyside (bid side), or whether the specialist is adding liquidity
on both sides of the market. Comparing the specialist’s quotes after rising prices to those after falling
prices reveals that although there is little difference in the percentage of times the specialist is reflecting
both or neither sides of the limit order book, there is a difference between the percentage of time the
specialist reflects either the sellside or the buyside. Consistent with the inventory management scenario,
the specialist is more likely to reflect the sellside of the book when prices in the previous hour were rising
and is more likely to reflect the buyside of the book when prices in the previous hour were falling. The
difference between the percentage of time the specialist is reflecting the sellside (buyside) after rising
prices and the percentage of time the specialist is reflecting the sellside (buyside) after falling prices 1s
signtficant at the 0.1% (0.5%) level.

The lower panel of Table 8 conditions on subsequent price changes rather than prior price
changes. Much like the upper panel, there is little difference between the full sample figures for reflecting
both or neither sides of the book across rising or falling prices. Moreover, the differences between the
percentage of time the specialist reflects the sellside (15.83% prior to rising prices and 21.75% prior to
falling prices) and the percentage of time the specialist reflects the buyside (25.92% prior to rising prices
and 15.45% prior to falling prices) are both significant at the five percent level. These results are
consistent with the specialist’s duty to ‘lean against the wind’, in the sense that he is a willing buyer when
other traders want to sell and a willing seller when other traders want to buy. They are also consistent
with the specialist managing his inventory. The specialist is willing to sell (curtail buying) more often
ahead of price increases and is more willing to buy (curtail sales) more often ahead of price decreases.
These results are consistent with Madhavan and Smidt (1993), Hasbrouck and Sofianos (1993) and
Madhavan and Sofianos (1994), who collectively find evidence of inventory management by specialists,
The results shown here serve to reinforce the argument made by Madhavan and Sofianos (1994) that

inventory management is a passive pursuit of the specialist and is often accomplished “by selectively
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timing the magnitude and direction of their trades rather than by adjusting prices.”

The other possible reason for the positioning of the specialist’s quotes is information about the
future value of the stock price. The idea that the specialist is well informed about the value of the stock is
not a new one. Benveniste, Marcus and Wilthelm (1992) argue that the specialist often has very good
information about the market participants and what they know about the underlying value of the asset.
Reviewing Table 8 in light of the information hypothesis reveals that although the upper panel is
consistent with the inventory hypothesis it is also consistent with the information hypothesis. Curtailing
sales and promoting purchases after nising prices and curtailing purchases and promoting sales after
falling prices helps the specialist avoid being the counter party to unprofitable (informed) trades as well
as take on profitable (uninformed) trades. In contrast, although the lower panel is consistent with the
spectalist using his inventory to cushion price changes, it is inconsistent with the information hypothesis.
For example, if the specialist knew that prices would be rising over the subsequent hour, he would
minimize sales by reflecting the sellside of the book and maximize his potential to purchase undervalued
shares by pledging depth on the buyside of the book. The results demonstrate the exact opposite reaction
by the specialist. In summary, the results from Table 8 are consistent with specialists positioning their
quotes to reflect the interest in the limit order book in order to manage their inventory position.

Although Table 8 provides insights into the information hypothesis, it is a coarse test because
conditioning on price changes means that only a subset of the limit order book/quote sampile is used.
Table 9 presents a more refined and comprehensive test of the information hypothesis that utilizes the full
sequence of limit order book/quote data to infer whether the position of the specialist’s quotes reveals
anything about future prices. The test involves a trading strategy based solely on the position of the
specialist’s quotes relative to the limit order book. The interpretations of the quote positions are as
follows. Under the information hypothesis, if a specialist reflects only the sellside of the limit order
book, he is unwilling to sell shares but is willing to buy shares, his quote position reveals the stock is

undervalued. Similarly, if a specialist reflects only the buyside of the limit order book, he is unwilling to
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buy shares but is willing to sell shares, his quote position reveals the stock is overvalued.

In the spirit of Handa and Schwartz (1996) the test involves placing hypothetical orders
according to the specified trading strategy, assuming the orders leave the trading environment unchanged,
and maintaining the portfolio until it is liquidated. Specifically, the strategy entails checking the position
of the specialist’s quotes relative to the book each half-hour throughout the day. If the specialist has
reflected only the sellside of the book for the past three consecutive half-hour periods, buy 100 shares, if
the specialist has reflected the buyside of the book for the past three consecutive half-hour periods, sell
100 shares, otherwise maintain the current inventory position. Furthermore, if the current inventory
position is positive and the strategy calls for a 100 share sale, sell the current inventory position in
addition to selling the 100 shares. Likewise, if the current inventory position is negative and the strategy
calls for a 100 share purchase, purchase enough shares to cover the current inventory deficit in addition to
the 100 share purchase. Given that the only inforrnation the strategy utilizes is the position of the
specialist’s quotes relative to the book, if the strategy is profitable it implies the specialist has information
about the direction of future prices.

Admittedly, this strategy can not be implemented in practice. First, it assumes that the trades
made by this strategy do not affect prices or depths. Second, the specialist would need to reveal the
position of his quotes relative to the limit order book each half-hour. Third, there are no constraints on
short-selling. Fourth, both the discount rate and borrowing rate are zero percent. It should be stressed
however, that the purpose of this strategy is not to provide a profitable real-world trading strategy, rather,
the purpose is to test whether the position of the specialist’s quotes reveals anything about future prices.

The top panel of Table 9 summarizes the results from the posited trading strategy where trades
are crossed with the specialist’s quotes and the [imit order book. In this panel, purchases (sales) are
crossed with specialist’s ask (bid) for quantities up to and including the ask (bid) depth and the limit order
book for any quantities greater than the ask (bid) depth. The table presents information on the number of

trades, the shares traded, the average and median profit per share, the average and median total profit and
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the number of profitable stocks in each decile. The results show overwhelmingly that the strategy is
unprofitable. For each decile both the median profit per share and total profit are negative. For only
twenty-two percent of the stocks in the sample was this a profitable strategy; however, notice that the
median loss per share is approximately the size of the bid-ask spread for each of the deciles. By having
the strategy buy at the ask and sell at the bid, it implicitly builds the loss associated with the bid-ask
spread into the results. The lower panel performs the trading strategy again using the same trading rules
except this time it executes all transactions at the bid-ask spread midpoint in order to eliminate the cost of
the bid-ask spread. The results in the lower panel are dramatically different from the upper panel. With
the exception of deciles one and four, the average and median profits, whether measured on a per share
basis or in total, are positive. The full sample results show a median (mean) per share profit of
approXimately a sixteenth, $0.05, (50.04) and a median {mean) profit over the three month period of $800
($1,651). Although the mean per share profit is not significantly different from zero, the mean total profit
is significantly different from zero at the 0.1% level.”® Moreover, two-thirds of the sample (94 stocks)
post a profitable strategy. Contrary to the upper panel, the results of the lower panel provide strong
evidence in favor of the information hypothesis. The results demonstrate that the position of the
specialist’s quotes relative to the limit order book is informative about the direction of the bid-ask spread
midpoint and since the specialist is setting the quotes, e must have some information about the direction
of the bid-ask spread midpoint.

In summary, this section reveals that the use of depth as a strategic variable ts a widespread
phenomenon. Specialists use depths to compete with the limit order book and Non-NYSE trading
venues. Furthermore, specialists position their quotes to reflect the interest in the limit order book in
order to avoid being the counter party to incoming trades. The investigation into the rationéle for the

specialist’s actions provides evidence consistent with both the inventory management hypothesis and the

**Even though the mean per share profit is insignificantly different from zero, it is also insignificantly
different from a sixteenth or $0.06235.
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information hypothesis.

v Statistical Tests of Depth Contribution at Information Events

The posited hypothesis is that liquidity providers, specialists in particular, reduce their
contribution to depth in order to minimize the costs of trading with market participants who possess more
imformation. This is not the first time researchers have investigated this aspect of liquidity provision. Lee,
Mucklow and Ready (1993) mvestigate changes in price schedules surrounding earnings announcements
and Foster and Viswanathan (1994) and Jennings (1994) investigate changes in price schedules
surrounding takeover announcements. The empirical work in this paper is most closely related to the
Lee, Mucklow and Ready (1993) paper hecause they also study how depths and prices interact as well as
the rofe quoted depth plays in determining overall liquidity. They show that liquidity providers tend to
coordinate prices and quantities; large spreads being associated with narrow depths; therefore it is
necessary to consider both prices and depths in order to assess overall liquidity. In addition, their test of
quoted depth reveals that liquidity providers anticipate adverse selection problems by widening spreads
and narrowing depths prior to earnings announcements.,

This work builds upon the work of Lee, Mucklow and Ready (1993) in a number of ways. First,
they are unable to distinguish between depth on the limit order book and depth provided by the specialist.
Their results speak to aggregate liquidity provided, while the work done here can determine who is
providing the liquidity and when. Second, their measure of depth is the sum of the bid depth and the ask
depth; therefore, even though their results suggest that aggregate depth falls, their work does not allow an
individual analysis of each side of the market. Moreover, since earlier evidence shows that the specialist
may be informed about the direction of the stock price, testing the theory on both the bid and the ask side
uniformly may provide misleading results. The real question is whether the liquidity provider (specialist)
uses depths to protect himself where he thinks there is a chance of informed trading. In the case of the

earnings announcements, if the announcement is bad news, the test examines whether the liquidity
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provider’s bid depth is small and if the announcement is good news, the test examines whether the
liquidity provider’s ask depth is small. The opposite side of the market may or may not have low depth
depending on whether the liquidity provider is privy to any information about the announcement. Lastly,
the test is expanded to include other information events besides earnings announcements; specifically,
monetary policy announcements made by the Federal Reserve’s Federal Open Market Committee
(FOMC) are considered. Fortunately, over the timespan of the TORQ sample the FOMC eased monetary
policy by lowering the federal funds rate twenty-five basis points on four separate occasions. The
specific timetable is shown in Table 10.

The empirical test is an event study around the relevant information event, either earnings
announcement or FOMC announcement. Of the 144 stocks in the TORQ database, eighty-eight have
earnirfgs announcements within the sample period and eighty-three make up the final sample used in the
event study whereas 143 of the stocks are included in the FOMC announcement tests.”’ As with all event
studies, it is imperative that the exact date and time of the event is known. In the case of the earnings
announcements, the dates and times were obtained from the Dow Jones News Service Broadtape. The
Broadtape provides the reported earnings figures prior to any subsequent corrections as well as the
announcement date and time to the nearest minute, The timing for each of the FOMC announcements is
11:35AM EST. The reason for the similarity in the timing of the FOMC announcements is that during
this time period, monetary policy changes and more specifically changes in the desired Federal Funds rate
were signaled to the market through daily open market operations rather than direct public
announcement. These operations are conducted each day between 11:30 AM and 11:35 AM EST.

In addition to determining the timing, earnings announcements must be classified as either 'good'

*There are various reasons for eliminating stocks. 1am unable to determine the exact time of the
announcement for one of the stocks. Two stocks, having their announcement on either November 1, 1990 or
January 31, 1991, have insufficient observations before or after the announcement to properly perform the test, The

remaining two stocks are eliminated because the firms preempted the official announcement with a preliminary
announcement.
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or bad' relative to the market's expectation in order to test the appropriate side of the market. The latest
Valueline forecast is used as the proxy for the market's expectations. Earnings announcements are
classified by whether the actual earnings announcement is above or below the latest Valueline forecast.
Not all of the announcements int the sample are followed by Valueline; in these instances the
announcement is compared to the respective eamnings figure one year earlier.” Of the eighty-three
announcements forty-eight are categorized as 'bad’ and thirty-five are categorized as 'good’
announcements.

The statistical test involves using an estimate of the empirical distribution to test if the depth
contribution around the announcement is small relative to the sample points making up the distribution.
The advantage of bootstrapping the empirical distribution is that it is free from the potential for error due
to an fncorrect distributional assumption. However, a key assumption is that the observations of depth
contributions are independent across time. The test is performed as follows. For each stock, the
empirical distribution of the specialist’s depth contribution, the limit order book’s depth contribution and
the quoted depth is constructed on each side of the market separately. Each of the six distributions is
made up of 1,000 sample points. Each sample point is an average of fourteen random observations
chosen from the relevant depth sequence. After constructing the six empirical distributions, the depth
contribution around each announcement is calculated. For each announcement, a pre-announcement and
a post-announcement observation is calculated. The pre-announcement observation is the average of the
depth contribution during the day immediately preceding the announcement (fourteen observations),
analogously, the post-announcement observation is the average of the depth contribution over the day
immediately following the announcement (fourteen observations). Lastly, each announcement period
observation (pre- and post-) for each of the six depth sequences (specialist, limit order book and quoted

depth) is compared to its respective empirical distribution. For each announcement observation the

20f the eighty-three stocks, there was no Valueline forecast available for seventeen (20%) of them.
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probability of drawing a sample point that is lower than the announcement observation (p-value) is

reported.

IV.1  Results

The test results are displayed in Tables 11-15. Each of the tables report the resuits for the
specialist, limit order book and posted quotes for both the pre-announcement period (upper panel) and the
post-announcement pericd (lower panel). The columns represent the percentage of the announcements
that réport p-values less than or equal to the figure shown. Correspondingly, each row represents the
cumulative distribution of the cross-section of announcement p-values.

Table 11 reports the results for the earnings announcement tests. Each announcement is
segmented into the side of the market that goes with the announcement (labeled with) and the side of the
market that goes against the announcement (labeled against). For example, if the announcement is a
‘good’ announcement in the sense that it exceeds expectations, then the ask side (sellside) of the market is
labeled ‘with’ and the bid side (buyside) is labeled ‘against’, on the other hand, if the announcement is
‘bad’, then the bid side (buyside) is labeled ‘with’ and the ask side (sellside) is labeled ‘against’. This
labeling procedure allows the sides of the market to be grouped by their relation {0 the direction of the
announcement rather than by whether the orders are buy or seli orders. Given the earlier evidence that
specialists may be informed about the future stock price, and therefore may only react on one side of the
market, the hypothesis predicts a reduction in the depth contribution by liquidity providers on the side of
the market labeled “with’.

The reported figures provide a number of interesting results. First, a substantial number of the
announcerments are small compared to their respective distributions, as secen by twenty percent of the
earnings announcements reporting p-values below 0.05 (see column three) and most of the cumulative

distribution skewed to the left. Moreover, this result holds across all liquidity providers as well as for
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both pre- and post- announcement periods. Second, there are also a substantial number of
announcements reporting depth contributions in the top ten percent of their respective distributions (see
column ten). Third, there seems to be more of a reduction in depth contribution by the specialist before
the announcement and more of a reduction in depth contribution by the limit order book after the
announcement. For example, looking at column four (30%), there is a marked increase in the thirty
percent cut-off for the specialist and a marked reduction in the thirty percent cut-off for the limit order
book after the announcement. Lastly, the specialist reduces his depth slightly more in the direction of the
announcement than against the announcement providing some support for the notion that the specialist
may have some knowledge of future stock prices. These results are consistent with those reported by
Lee, Mucklow and Ready (1993) as well as Foster and Viswanathan (1994) and Jennings (1994) who
find 8w quoted depth prior to takeover announcements and a marked increase in quoted depth after
takeover announcements.

In summary, the results provide evidence for the posited hypothesis in that both the specialist and
the limit order book reduce their respective contributions to depth around the time of an eamings
announcement. Moreover, the specialist shows more of a reduction prior to the announcement and the
limit order book shows more of a reduction after the announcement, a result that is consistent with the
specialist allowing the limit order book to take the brunt of any informed trading ahead of the
announcement.

The other information events that are tested are FOMC announcements concerning the desired
Federal Funds rate. These FOMC announcements are an interesting comphment to the earnings
announcements because interest rate changes, unlike earnings announcements, allow an analysis of the
effects of volatility without the confounding effects of asymmetric information. Another item of note, is
that the announcements on November 14, 1990 and December 19, 1990 follow scheduled FOMC

meetings whereas the announcements on December 7, 1990 and January 9, 1991 do not. This difference
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suggests that the announcements on November 14, 1990 and December 19, 1990 could have been
anticipated, or at least heightened the possibility of an announcement while the other two announcements
would likely have been more of a surprise.

The results for each of the four FOMC announcements are reported in Tables 12-15 respectively.
Contrary to the previous table, Tables 12-15 segment the results into bid and ask sides. These results are
similar to the eamings announcement results in that there are substantial numbers of very small and very
large depth contributions over each of the four announcement days. Although the announcements
following scheduled FOMC meetings display some reduction in contributed depth, they are broadly in
line with the unconditional distribution. This result is consistent with the market fully anticipating the
easing move by the FOMC and already having built its effect into expectations. In contrast, the FOMC
easings done on December 7, 1990 and January 9, 1991 show marked reductions in contributed depth
across all liquidity providers, particularly for the specialist on the ask side of the market and the limit
order book on the bid side of the market. The results demonstrate that in addition to managing depths to
mitigate adverse selection problems, liquidity providers also manage depths to minimize the uncertainty
associated with volatility trading periods.

Admittedly, the statistical results are clouded by some inherent difficulties associated with this
test that are unavoidable. First, the test focuses on two uses specialists may have for depth, namely,
reducing adverse selection costs or reducing the uncertainty associated with periods of volatile trading.
There are, however, other uses specialists may have for depths which are not accounted for. For instance,
the specialist may use quoted depth to manage mventory or promote price discovery. These effects, if
counter to reducing adverse selection costs or reducing volatility costs, would tend to mask the
significance of these results. Unfortunately, controlling for these effects is not possibie due to a lack of
data. Second, orders not placed through one of the automated routing systems are missing from the limit

order book estimates. This may cause a misestimation (overstatement) of the depth that the specialist is
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providing. For example, suppose a limit order is brought to the trading post by a floor broker for 10,000
shares at nine and the order happens to be the best limit order on the ask side of the limit order book.
This order is not included in the data because it was not submitted through one of the automated routing
systemns. If the specialist is posting an ask of nine and an ask depth of 10,000 shares then in reality the
specialist is supplying no depth. However, since the limit order book estimates lack the information on
this order, the specialist would be credited with supplying a depth of 10,000 shares. This may be one
reason some of the announcement observations are unusually large relative to the unconditional
distribution. Even with the associated probiems with the test and the data, the results still present strong
evidence for the hypothesis that liquidity providers reduce contributed depth prior to an information event
in order to reduce adverse selection costs or reduce the costs associated with volatile trading periods.
v Conclusion

This paper provides new insights into a number of different areas in the market micro structure
field and paves the way for more research to be done. First, this work demonstrates that depths are used
as a strategic choice variable by the specialist. More specifically, by lowering the depth quotes to reflect
only the interest in the limit order book, the specialist can pass off unwanted trades onto the limit order
book. Furthermore, evidence is presented that supports both inventory concemns as well as adverse
selection/information concerns as the catalyst behind the specialist’s actions. Finally, the statistical tests
show that liquidity providers reduce their contribution to depth around the time of an information event
whether it is to reduce adverse selection costs as with the earnings announcements, or reduce the costs

associated with volatility as with the FOMC announcements,



References

Amihud, Yakov and Haim Mendelson. 1980. Dealership Market, Market-Making with Inventory.
Journal of Financial Economics 8:31-33.

Angel, James J. 1994. Who Gets Price Improvement on the NYSE? Georgetown University Working
Paper. :

Benveniste, Lawrence M., Alan J. Marcus and William J. Wilhelm. 1992. What's special about the
specialist? Journal of Financial Economics 32:61-86.

Biais, B., P. Hilliont and Chester Spatt. 1995. An Empirical Analysis of the Limit Order Book and the
Order Flow in the Paris Bourse. Journal of Finance 50:1655-1689.

Cao, Charles., Hyuk Choe and Frank Hatheway. 1997. Does the Specialist Matter? Differential
Execution Costs and Inter-Security Subsidization on the NYSE. Journal of Finance. (Forthcoming).

Dupont, Dominique Yves, 1995. Market Making, Prices and Quantity Limits. University of Chicago
Woarking Paper.

Easley, David and Maureen O'Hara. 1987. Price, Trade Size, and Information in Securities Markets.
Journal of Financial Economics 19:69-90.

Foster, Douglas F. and S. Viswanathan. 1994. Trading Costs of Target Firms Around Corporate
Takeovers. Advances in Financial Economics. 1:37-57.

Frino, A., and M. McCorry. 1995. Why are spreads tighter on the Australian Stock Exchange than on the
NYSE? An Electronic Limit Order Book versus the Specialist Structure. University of Sydney Working
Paper.

Garman, Mark. 1976. Market Micro structure. Journal of Financial Economics 3:257-275.

Glosten, Lawrence R. 1989. Insider Trading, Liquidity, and the Role of the Monopolist Specialist,
Journal of Business 62:211-235.

Glosten, Lawrence R. and Paul R. Milgrom. 1985. Bid, Ask and Transaction Prices in a Specialist
Market with Heterogeneously Informed Traders. Journal of Financial Economics 14:71-100.

Greene, Jason T. 1995. The Impact of Limit Order Executions on Trading Costs in NYSE Stocks. Indiana
University Working Paper.

Hamao, Yasushi and Joel Hasbrouck. 1995. Securities Trading in the Absence of Dealers: Trades and
Quotes on the Tokyo Stock Exchange. Review of Financial Studies 8:849-878.

Handa, Puneet. and Robert A. Schwartz. 1996. Limit Order Trading. Journal of Finance. 51:1835-1861.

Hasbrouck, Joel and George Sofianos. 1993. The Trades of Market-Makers: An Analysis of NYSE
Specialists, Journal of Finance. 48:1565-1594.



Hedvall, Kaj. 1994. Essays on the Market Micro structure of the Helsinki Stock Exchange. Swedish
School of Economics and Business Administration Ph.D. Thesis.

Hollifield, Burton, Robert Miller, and Patrik Sandas. 1996. An Empirical Analysis of a Pure Limit Order
Market. University of British Columbia Working Paper.

Jennings, Robert. 1994, Intraday Changes in Target Firms’ Share Price and Bid-Ask Quotes Around
Takeover Announcements. Journal of Financial Research. 17:255-270,

De Jong, F., T. Nijman and Roell. 1995. A Comparison of the Cost of Trading French Shares on the Paris
Bourse and on SEAQ Intemnational. Furopean Economic Review 39:1277-1301.

Kavajecz, Kenneth A. 1996. The Specialist’s Quoted Depth as a Strategic Choice Variable. Rodney L.
White Center for Financial Research Working Paper.

Kumar, Praveen. and Duane Seppi. 1994. Limit and Market Orders with Optimizing Traders. Carnegie
Mellon University Working Paper.

Leach, Chris J. and Ananth N. Madhavan. 1992. Intertemporal Price Discovery by Market Makers:
Active versus Passive Leamning. Journal of Financial Intermediation 207-235.

Lee, Charles M. C., Belinda Mucklow and Mark J. Ready. 1993. Spreads, Depths, and the Impact of
Earnings Information: An Intraday Analysis. Review of Financial Studies 345-374.

Lehmann, Bruce N. and David M. Modest. 1994. Trading and Liquidity on the Tokyo Stock Exchange:
A Bird’s Eve View. Journal of Finance 49:951-984.

Madhavan, Ananth and S. Smidt. 1993. An Analysis of Changes in Specialist Quotes and Inventories.
Journal of Finance. 48:1595-1628.

Madhavan, Ananth. and George Sofianos. 1994. An Empirical Analysis of NYSE Specialist Trading.
New York Stock Exchange Working Paper, #94-01.

Niemeyer, J., 1994. Market Micro structure - Empirical Evidence from some Nordic Exchanges.
Stockholm Schoel of Economics Ph.D. Thesis.

Niemeyer, Jonas and Patrik Sandds. 1993. An Empirical Analysis of the Trading Structure at the
Stockholm Stock Exchange. Journal of Multinational Financial Management 3:63-101,

Petersen, Mitchell A. and David Fialkowski. 1994. Posted versus Effective Spreads, Good Prices or Bad
Quotes? Journal of Financial Economics 35:269-292.

Ready, Mark J. 1996. The Specialist’s Discretion: Stopped Orders and Price Improvement. University of
Wisconsin-Madison Working Paper.

Rock, Kevin. 1990. The Specialist's Order Book and Price Anomalies. Review of Financial Studies
(forthcoming).

Sandas, Patrik. 1996. Adverse Selection and Competitive Market Making: Empirical Evidence from a
Pure Limit Order Market. Carnegie Mellon University Working Paper.



Seppi, Duane. 1997. Liquidity Provision with Limit Orders and a Strategic Specialist. Review of
Financial Studies. 10:103-150.



AV SG-T1 O/ T/ ¢ 01T PAEROUIOSUT WREAR ¢ NHMA
WVYIF ] 16/£2/10 4 69°9Y¥ psietodioauf jeuos 7 LNS
Wd LEE 16/%Z/10 z £9°07 Auedute]) 1amog afraa[g oswold g wod
WY 00°6 16/8T/10 ¥ ¥6'81 Aledwop uorsmd ¢ 0ad
WY LI6 16/27/10 1 Po'LL PrUwossa] WaquoN g AN
vU ey € £yl Augdwo) 1980rf 7 Uy
Wd LSY 06/0T/T1 4 PoeL uonerodso) ssaxdxy |erspat 7 xad
WV tp:8 16/SZ/10 b 8E°81 paetodionup Auedwio) pieog] taded [B1opat T 0d4
‘e Tu 9 ol :OENHGEDU aong Z OWH
Tu eu I BE€8 patetodiosyf [puonewnuf 340 T adD
WY 1001 06/50/11 A 691 PANUINT diyoRg uvipRME) T 40
WV 9011 06/61/11 9 69°6 parerodiosl] sarolg 208D 7 310
B 71U I £9°€L Auedwo) sanouwreg-a1e8[0) 7 i)
WV b8 16/2/10 L Al 4 paretodioou pajiey VD
vu Bu £ 69'9C uotjerodioy uosnay 7 NIV
Wd 05-¢l 16/PL/ U | LTAR LY TOTTETOUI0 ) IO R 1 NOX
WY ¥0:6 16/¢/10 I 610¢ Auedwe) ydeiBajay, pue auoydajaf uesuawry | L
U eu 1 05°LS 'pr] ediaquinyag 1 15
WY Z0:00  16/0€/10 i 6915 parerodioou] sarweduio stop dityd 1 O
WY 618 16/L1/10 i yo'Til uoteiodio)) sautyaey ssauisng [eUOnEUIANUL wWdl
WV $0:6 06/90/Tt 1 9581 HAv O d wesuelp | NVH
'U ‘BU i 18°7¢ qav 1d sBuiploy oxeln 1 X119
Wd £0°Z 16/22/10 1 b LC Auedwo) a1193(g |easuan | an
eu Tu Z 2067 _uu._d‘_oecurd &:Oﬁr.v 1d4d 1 T1d4
WY 10:01 [6/€1/10 ! 1768 uoneRossy AFeRloR [eUolEN [elapa | N
WV L0 11 06/02/21 4 18°0T paierodiosu sauysnpuy Jassaiq | It
WV LEiL 06/62/11 £ £1'67 SI2jU2) dmeaAsg Ajummuo]y | AWD
Wd 011 16/RZ/10 ! 985St Auedwo) Fupog | Vel
WV 16 16/S1/10 g 18+ paetodioau] $391A(] CINVN PROUBADY | WY
Wd £6:71 16/81/10 [4 gt6l '07) SuIp[OY pAIWr] Whullun[y Ue3|y 1 v
SULL <Iet] Fuyuey aoug AWEN UL Sunjuey [oquIAS
sIuaAIUNoUNY SJuley de- PU3-1Ba A 10A Apel]

(aWn|oA JUIPED Aftep 0FEIIAE U0 PISEQ §[103p 01Ut pauonipied)

$30015 OYOL Jo Funsry
[ 2198l




-1 LAY T YAl PSTEINUICTO] ATRITES | XS
Wd £t€ 16/€2/10 L 8BRS SLIOY “da "d 71 2yloed plepuels 4dS
Wd oF:1 16/£2/10 [ 69°€t Aueduio]) 317 1omog BluBAlASUUYd b 1dd
WV 60: 11 16/6T/10 ¥ 1WAl paietodiooy] jruonRwW] JewLg ¢ 1d
WY ££°'6 06/61/21 9 28y paesodiosu] spedwy | 01 ¢ Aid
B BU g 69°G 1STIL ], SWIOMU] JeIpaulaiy] INsSe Wwewind ¢ WId
Wd 90T 06/61/T1 £ €TsT paierodiou] $3LISNPU] FAIIE [RUOTEN ISN
AV Z1-01 06/S1/ET ol £50 uoneiodio)) [elide) yoreuow ¢ NOW
ey R 9 6101 paresodioouy pun,g wmay jeio], voadAy  § HIH
Wd L0 € 16/1£/10 z €8¢ vonelodio)) ssordoid epuold ¢ RLE|
L] vl I SL6T uoneiodio euey ¢ NG
WV Lbi 1L 06/67/11 £ 61'CT paiesodaoou] [ruonBWIDN] DD ¢ no
WV ££:6 16/¢1/10 |4 £9°¢1 paresodioou) sawoy uoike[y ¢ HWD
WV 176 16/08/10 £ 1T paesodioou] odlesy ¢ v
wu BU 9 188 1snL] sapuapoddg aosu] jedidiuniy MRSV b OWY
WA T O6/ST/TT 4 T99¢ TMEIVGIT Y OORRTSIR, € M
WV 01 06/20/11 9 058 PoIEIodIoIU] |PUONBIAUL ODIRA JHA
e ‘BU 4 5167 Auediwo) ampag uolyy € Jan
Wd $0:F 06/6Z/11 [ 4 0581 paierodiody) xjuonyaL ¢ 4l
el Bu 4 bE 6T pajeiodioou] uoneoossy 18281 slapeay vad
By B [ SLPI paierodionug satueduto]) snwold £ Md
WY S0 16/L1/10 £ 88°¢T uofieiodio] uytuueg-1ayed ¢ Hd
Wd SO¥ 16/£2/10 [4 L1223 mosautljy Aueduio) 19mo  S3IBIS WALION, dSN
BU RiEH £ 8981 Auvedwo) SuipjoH paerodioou] smnsnpuj oosdiN - € IN
WY +0'6 16/ 10 £ 8ELT uonziodio]) Jloed-BURISINGT] Xd1
Wd 92:¢ 16/S7/10 13 9081 vopesodio] oy ¢ 404
Wd LTI 16/L1/10 £ 0sLl uonetodiooueg ANPRPLy 1SN € g44d
Wd 0§ 16/€T7/10 £ £10¢ pajetodioou) yaueasay Ae1) ¢ HAD
el eu. ¥ 958 Auedwio)y sjeiaury stud)y € WAD
WV 786 16/1E/10 < STEI uonelodio) jEolway) wimueny) ¢ HM1D
sl e Suiyuey aaug HUBN W] Furyury 10QUIAS
sjuawadunouny sfulwrey dey 1N pua-Iea g [OA apRI]

(awun[oa Fuipel) A|Pep 28EIIAE U0 PASE( S2|I02p 0ul pauonnied)

30018 OO Jo Bunsry
{panunuoo} [ 2jqeL,




T T Y UTLT TOTTETOU0, y FRTETSUT [RUO TR o7 g INZ
eu e'u Q 6191 :OEEOEOU Eoﬂ:umn:u—& 1355y palllin) Q9 WV
Wd 15°€ 06/0%/21 L 449 pajelodioou] sauisnpu] sexa), 9 X1
WV ot 06/v1/11 L s TESIL ANEY SIE 9 Sdd
2 R: T [ 909z h:a&EoU wn3a[0N34 suiejd g9 d7d
Wd 01 06/0Z/11 6 PrT snig Aeay 28eSuo 9 LA
‘gu ‘BU Y {8t :O__NhoEoU F—:Uu._ug 9 JaW
Wd §5:€ 06/S0/11 14 (4T Auedwe)) Buip[op wonmiodiod NOW ¢ NOW
WY LT6 06/60/11 6 601 Auedwog g pue qqnin 9 Eafs)
) B'u { SLOI _uu,m._on_._.uu:_ 2WOIU] SIUMLNIIAON o_mﬁmzm me.au‘_ﬁ 9 IS
WY €511 06/£1/21 § 81z voneiodiod 14D 9 AdD
WA LETL  16/ST/10 g 61LT paeodioou] SPID PUBRARD) 9 i)
22U 2 6 |8¢C _uunn._o&co:_ sasnput JWg 9 DOWH
Wd LET 1608710 b §L'91 s d T uawsBeuey fende souryy 9 v
Wd P0-¢ 16/t /10 [4 (LAY PAEIOHOIUY vEE.m <LAICE-UULAM S NI
WY BS:6 06/00/Z1 b 9007 pareiodioau] s31A1ag Iandwo)) azejjem ¢ SOM
e ey ¢ 90'RE uotierodioy ajisn € HSN
WV 58 06/61771 g £1°81 uonesodro xamseaw ¢ XW
Wd #1:1 06/LT/11 L $Tl1 Auedwo]) poomjiey ¢ am
L] R 9 t611 parerodiosu) pung asoding [Bn(y anteA 1051530y § AT
Wd 91§ 06/61/11 01 800 Aueduro? juenelsay pue [aloH y-erdai ¢ o1l
WY 858 06/LT/11 v sTor _ patesodioou] souqe] Joasnof ¢ a4
‘eu ‘gu o4 ¢ 1€ Uu—EoeoU:— SPLUSOPUT M3 UBIEMEH ¢ HH
Wd 9571 16/L1/10 ¥ 18ve pajerodiodu] plogary ¢ ada
i Bu L 699 m_uﬂn‘_cnﬁ_ouE pun, (1zelg [ H4724
WY L0 06/8TT1 9 90°7T parerodiosu] dnoiny umorg ¢ od
U ‘eru £ |3 2%% ﬁu-m._OEOu:— hm_._ucm AuUepy < JLY
Wd 81:€ 0671172 0l 600 uoneadio] empury ¢ nav
JHLL e Funjuey aoug SWIRN W] Fuiuey {OqQUIAS

sjuatadunouuy sgujures dey-piw pua-ieax [oA apeL],

{aurnjoa Surpen A|ep 29E13AE L0 paseq 52{102p ojul pauonnied)

5310015 OYOL Jo Funst]

{panunuoo) | aqe],




41} L) g T PO Uy M oau X103, EIVA
BU eu g SLE uonelodio)) (931§ ydmgsimd-Julpaym 8 XHM
ey Bu 6 L1 ‘pr] dnoin) xoqumey [BS19AT] 8 DN
WY 926 06/11/Z1 g £ paretodioouy Juzdinbg uonudossy g o9d
e e L Sivl Pundg A supd 20UBI0N] Y104 MIN UIIABN g JdNN
2 eu 2 8501 paerodiosu] sSSWPIOE RO L MIN U STINEL, g ANW
Ty ey g £9°81 siun dag v sse[0 4T Spueaquu, satvokey 8 001
BU U 6 £z paerodioou] sue] vosuyopmersiai] g 51
U BU ¢ sTfL paterodioou] ABraug euripu] g 131
' B 6 £tL THSISAIL AWOdU[-RN|Y uljyuely g J3E!
Wd 90'¢ 06/L0/1 1 6 69°¢ patetodioau] saunsnpu uewysee) g hjoN
Wd 61t [6/8T/10 ¢ 0s°1Z paterodiosur paW qniy 8 IND
U B 2 €€l uoperodio) uipdy g dAv
Wd 8T:5 06/F1/11 6 ¥l paetodiosu] X4V 8 Xuv
AVETH T&/8C7T0 0 Tl PTG SO FIER, P[] L HATT
Wd £5°¢€ 16/6Z/10 L 059 SLdOY 'da(] “d T SIPUME] SUBNLE £ onL
WY LS 06/%2/T1 L 90'¢ siun) daq “d 1 S1uied owse) BIRYES HVS
WY 801 06/37/11 L e ‘PrIEPILO L Do0
Wd st¥ 16/62/10 8 8L uolielodio]) Juammisuy 1D[OAIN  {, JIN
WV 26'6 [6/60/10 € 69°L1 siup) dacq v $SBID PUT SPUBMAQuULL JI L J1d1
ey B'U 6 95°¢ paeiodiozuy siojsaauf Auadord WOI £ WL
WY 8t°8 16/28/10 8 69°L UOUIIOT) ¥ SSE[T) "JU[ 5PO0D] UOSPRYH £ 14H
e eu z 69°L1 1 sse|) uoneiodio) SINJOW |BISUAD) HWO
WY 91:11 16/£0/10 0l 901 paterodioduy stuNsAG tod Suneop ¢ d1d
Tu eu 6 697 paresodiosuy dnoin OONI £ oid
‘Bu ey ¢ 0S€E uonelodio)) sionporg onsoudeq ¢ da
Wd 8€°b 06/9T/11 6 12 Tds ML Qeay ud L 144
‘BU ‘BU 2 198 TGS 11150 swoouf (ediuniy S|y £ TV
Wil T Furyumy 204 aluEN ULl Furyuey 10QUIAS
siususIunouny sfutuey de- 1N puUs-JE3 & |oA 2pRL]

{awinjoA duipen ApEp 28RIaAR UD Paseq §2{193p 01Ut pauoniued)

$32035 OWUOL Jo Funsr]
(panunued) | a[qel




el eu ¥ {04 TOTeTOWU S AUSSATY U1 A
Bl Bu 01 1€°1 uoneiodion jede) 1aunjos ol IIA
Wd 681 06/02/T1 6 ol't uopesedo) SUN 01 SHn
Wd 081 06/F /11 61 £y TH'S $101534UT A1[83Y |BIUAUNUOISURI] (] [DL
BU wu ot £9'1 uoneiedio)y uejes o 118
Wd 829 06/ 1/11 6 §T¢E pajesodioou] s[aloH ssaidxig g 01 HHO
ey B 8 sTIr TN Ajelog TSAW 01 HIW
Wd 001 06/80/11 8 SLL Aveduro) supgoepy Bsa - Q1 J0W
WY Z¢L 06/91A11 1 oL WAV Pr] Aueditio]) [BUISAPUT JENDT ENYSNSIEIN Q] ol41
ey LA 1 £9°61 HAY panwii] qued wsiqasniy - 01 AW
ey vu 8 6911 paresodiosu) SaNLINIAS SWINIU] SEIANEY Q] L¥YH
BU ‘B'u 1 eu :Om—ﬂhOEOU ,...._mu O— IR
Wd PIS [6/ST/H0 L t'8t pajetodiodu] uoseury 1 NIV
wu U q 0591 paelodioou] s31UN295 9|quIRAu0)) [BNde] ueouawy g SOV
Wd 15T Oo/A /T U1 Geo THS PRUEULT U020 P9M 6 DOM
wu B ol SO0 uonerodio]) jeuonednpy UBSLUAUY PAYIIM 6 AVM
eu Bu t 851 Auedwo)) justwaBeuely S10152AU] PAIUN G ain
RRH U I3 9¢°81 pajesodiosu] satnsnpul A3SEA[ INOS 6 IS
vy Bl 9 61'$T uotjniodio]) s90IN0SHYY WNon3g 6 Odd
wu Rt il ¥0'0 pareiodioou] Auedwo]) 20y UBIIUIY M3N 6 OSN
WY 606 06/F1/11 9 £9°¢T uoneiedio)) [RUOHEN BIPEIIT ¢ AN
WV v6:01 06/50/11 6 06T pajerodiosu] [eUONBWAN] DYD 6 HAD
Wd T0E 16/52/10 8 006 pateiodiodu] SRINpoig Uewsplensy ¢ 149
L) el ot 870 SLdond daq "d -1 sewoH pleisuy 6 dHY
wu Bu ot Y00 paesodioouf dnoan) jeroueur sounbg g n.4q
Wd T8¢ 06/90/11 01 810 uoneiodioj Buold 6 L11a
Wd 6T 06/21/11 8 [ uopeiodio) oiqin) 6 ono
Wd te:t 06/¢0/Z1 L 13°2¢ paeiodioat] SIIPUBXA]Y 6 X1V
=L ety Surjuny aoug SLLeN ULt Funjury JoquIAS
sjustudUNouRY sSutuey den-1Iqw pu3-iEa g |OA apeL],

(sWn]oA SuIpel] AREp SORISAE UO Paseq S3[i0ap O pauniinied)

80018 OO Jo Sunsi|

(panunuod) 13[qeL




“ao0d ] ou Itm S12pIo I o (pig) yse

a1 (mo1aq) AA0qQe SKapIo ([]a8) Ang apajoul sajdwexy yooq Japlo 1| 2y1 Jo asuuaid J1seq awos

J1BJOLA PINOA UOISN[DUL JI3Y] ASNEIIQ PAIBUILLLA 213 1BY1 SpPIedal siuasaudar AroBarea Jaio ay | (¢}

*PI0JAL 3P UB O PAYIIELWL JOU 212 1EY) “SPIOIN |10] 2U) Jo aFruaniad

© S8 *A[@AN2ad531 SPI0IL UONIE]|I0URD PUE UOHNIIXI Juasaidar suone||aoura pue suotnaaxd (g)

‘W Fram [Enba FUIAIB22) NIOLS (I8 Yl ‘D[109P 2ANISASIL 113Y) UMM SHOMS 550108 paBeiose

uay} 258 PUE {2015 1LY JOJ SPIOIAT JO IAquUnU [)o) oy jo adviuaniad € se passaidya a1e sandig (7)
"W 001 1B 1661 ©1€ AlEnue] Jo B 3I018 I 10 pajeinajed a1 eieq (1) 1S310N

ITF ITF T T LY, I THYY IO RE
80 oLo 620 00'0 L TAR B ueipap
¥I0IS [GNPLATPU] AQ SISA[EUY
LA Ay TTO ) FIT | aitat
oL’ o 0z 0 800 80 6
0 £L0 0Eo 100 9¥6 8
o 60°0 620 S0°0 PLT°1 L
tr0 800 SED 100 909°1 9
£9°0 €To §E0 00 685°1 <
150 8E0 670 vO'0 6L0°E ¥
£5°0 120 1£°0 100 016°c £
150 S0 A %] 100 8819 z
950 SED 9t0 €00 +80°8Z afiey
1810, {10 SUOTIB[[9IUE]) SHONNIaXH sproxay
{elo],

(sidod sTFejuasiad ut passardxa)
adA 1, Aq SpI00ay[ PapIedsI(T JO aFRIusdIad 95RI0AY
7719mL




Table 3

The Limit Order Book for Federal Express (FDX)} on November 21,1990 at 12:00

Date Time Side Type Shares Price
00405 na. SEL GTC 800 - 65.000
900419 n.a. SEL GTC 100 59.000
900522 na - SEL GTC 250 55.000
900820 n.a. SEL GTC 200 33.250
901120 142851 SEL GTC 200 50.000
900628 na.  SEL GTC 200 50.000
900618 n.a. 88T GTC 900  49.875
300801 n.a. SEL GTC 100 46.500
900906 n.a. SEL GTC 200 44,000
900906 n.a. SEL GTC 200 44.000
901025 na.  SEL GTC 100 40.875
901024 n.a. SEL GTC 300 40.500
901106 153708  SEL GTC 800  40.000
901025 na.  SEL GTC 160 39.873
901026 na.  SEL GTC 200 39.500
901030 na. SEL GTC 160 37.500
901 10; 153628  SEL GTC 500 36.000
901121 92225 SS8T GTC 200 34.000
901120 150751 SEL GTC 1060 34.000
901121 114107  SST DAY 200 33.500
901120 130034 SST GTC 1,000 33.500
901121 101944 SST DAY 300 33.000
201121 93017 SST DAY 1,000  32.875
901121 110431 SEL DAY 500 32.500
901121 112803  SEL DAY 100 32375
901121 110459 SEL DAY 2,000 32.375
NYSE Specialist Quote 2,000 32375 32125 5,000
Best Non-NYSE Quote Cincinnat 500 32.500  32.000 500 __Cincinnati
32,125 1,100 DAY BUY 114647 901121
Notes: 32.000 800 DAY BUY 112153 900121
(1) Date and Time refer to the date and tirne the order was 30.875 500 GTC BUY 85038 o0f121
submitted. Times are unavailable prior to 901101, 30.000 200 GTC BUY na. 900821
(2) Side specifies the side of the market: 30.000 100 GTC BUY n.a. 900823
SEL=regular sale, SST=short-sale, BUY=regular buy. 30.600 100 GTC BUY na. 900323
{3) Type provides the duration. GTC and DAY stand for 30.600 500 GTC BUY na. 900925
Good-until-canceled and Day limit order respectively. 29.875 100 GTC BUY na. 901026
{4) The NYSE and Non-NYSE quotes display the ask depth, 28.000 100 GTC BUY na. 900821
ask, bid, and bid depth respectively. 17.750 200 GTC BUY na. 900820
Price Shares Type Side Time Dat___c_
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Figure 5

Summary of Market Activity for the Waban Incorporated Example
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Panel 2: Contribution to Depth on the Ask/Sell Side
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