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ABSTRACT 

Nowadays many financial markets operate with an electronic open limit order 

book structure. The widespread adoption of this trading system has raised some new 

issues in financial economics. In traditional dealer (i.e., quote-driven) markets, dealers 

provide liquidity to traders and earn profits from this service (their gross margin is 

generally measured by the bid-ask spread). Electronic open limit order book markets 

(primarily order-driven) reduce the liquidity-provider function of dealers by utilising 

public limit orders as a major source of liquidity. In these markets, traders demand 

liquidity by submitting market (or marketable) orders and they supply liquidity by 

submitting limit orders, whereby they substitute for dealers in quote-driven mm·kets. 

Limit orders live (i.e., unexecuted) on the market are kept in the limit order book, 

which represents the available liquidity that can be provided immediately to on-mm·ket 

trading and reveals the price impact of a given trading quantity. 

The limit order book is an essential part of the information that investors 

consider before their trading decisions are made. So far, however, many chm·acteristics 

of the limit order book have not been studied much in the literature, except perhaps for 

the bid-ask spread and the NYSE specialist's quoted quantities. 

The objective of this paper is to chm·acterise and to explain the limit order book 

in an electronic market, using data from the Australian Stock Exchange. Lirnit orders 

are described by three variables--price, quantity and age. Three hypotheses regm·ding 

these variables are proposed and tested: (i) that there is a positive relationship between 

the age of a live liillit order and its distance from the market price; (ii) that there is an 

inverse relationship between the size of a live limit order and its distance from the 

market price; and (iii) that there is an inverse relationship between the size of a live 

limit order and its age. These properties determine directly the shape of the price 

schedule for the limit order book, which usually can be approximated by an S-shaped 

curve. A spliced log-linear function is found to mimic the typical price schedule. 
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1. INTRODUCTION 

The organisational structure and trading rules of financial markets could have 

significant influences on investors' strategic trading behaviour, the accuracy of the 

price formation process, the efficiency and the liquidity of the market (Amihud and 

Mendelson, 1987, 1989; Lucus and Schwartz, 1989; Domowitz, 1990; Blume and 

Siegel, 1992; Stoll, 1992; Biais, 1993). The Australia Stock Exchange (ASX) is a 

centralised, computerised, continuous auction market, with an electronic open limit 

order book. 1 

A centralised market has the advantage of promoting the economies of scale 

and enhancing the efficiency of the market (high trading volume and order flow, and 

narrow bid-ask spreads). Centralisation may also limit inter-market competition and 

induce monopolistic power (Biais, 1993; Hamilton, 1979). Advanced technology 

makes computerised and automated trading faster and more economic compared to 

manual trading floor systems. On the other hand, anonymity associated with 

computerisation and automation may malce it more difficult to identify informed 

traders. Hence, it influences the distribution of wealth across market participants and 

consequently the depth of the market (Foster and George, 1992; Domowitz, · 1990). A 

continuous market mimics a sequence of "bilateral matching", whereby orders are 

generally executed at their specified prices. In a periodic or call market, however, 

orders are stored and executed only at predetermined times, whereby a single clearing 

price is determined through "multilateral matching" of total demand and supply. 

Cohen and Schwartz (1989) argue that a call market may provide a more accurate and 

stabilised price determination process, at the cost of price uncertainty and immediacy. 

Auction (i.e., order-driven) markets and dealer (i.e., quote-driven) markets 

differ primarily in the price formation process. In order-driven markets, both trading 

and market making are established through the submission of public orders. A trade 

occurs as the outcome of "multilateral negotiation", whereas "bilateral negotiation" 

1 Trading on the ASX is based on a centralised electronic open limit order book, which has become the 
most popular market structure in recent years due to advances of technology. Domowitz (1993) reports 
that 35 markets around the world use a similar trading structure. 
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between one trader and one designated market maker talces place in dealer markets. 

The openness of the limit order book may reveal more information to market 

participants about other traders' beliefs and trading strategies. This facility produces a 

Nash equilibrium, whereby every trader reacts optimally talcing into account the 

reactions of other traders. A Walrasian equilibrium is associated with a sealed limit 

order book, whereby recontracting is not permitted once an order is submitted (Blume 

and Siegel, 1992). An open limit order book may increase market transparency and 

improve price efficiency. However, it may increase price volatility and lower market 

liquidity (Madhavan, 1996). 

Two types of order are generally used to express trading interests and to malce 

transactions on financial markets, viz., market orders and limit orders. A market order 

is an order to malce an immediate transaction for a specified quantity, at the best price 

available on the market at the time when it receives the order. A limit order is an order 

to make a transaction for a specified quantity at a specified price and within a specified 

time period. In a continuous market setting, when the specified price of a limit order is 

equal to or better than the best existing offer price on the opposite side of the market, 

an immediate transaction occurs; such a limit order is referred to as a "marketable" 

order. Market and marketable orders are similar in that they malce immediate 

transactions. The difference is that the transaction of a marketable order will stop when 

the quantity available at the specified price on the opposite side of the market is 

exhausted, and the remaining quantity (if any) of the order will remain and provide 

liquidity to other traders, whereas the transaction of a market order will stop only when 

the specified quantity is satisfied, no matter what the last price happens to be. Market 

and marketable orders have the advantage that they are traded immediately, thereby 

eliminating the opportunity cost of non-execution (or waiting). The major cost 

associated with these orders is the transaction cost, which is the cost of consuming 

liquidity, or compensating liquidity providers (market malcers). Strategic parameters 

associated with a market order are the timing and the quantity of the order. 

Limit orders have the advantage of fixing the trading price but they do not 

secure the execution itself. Limit orders represent investors' trading interests, their 

strategies and the information behind these strategies. They are used to attract other 
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traders and also to realise a trade at a relatively lower transaction cost, especially when 

the cost of using market orders is large. By submitting limit orders, traders provide 

liquidity and immediacy to the market, which makes the demand for immediacy of 

impatient traders (via market orders) possible, especially in an order-driven market. 

Major costs associated with limit orders are the opportunity cost of non-execution, the 

equivalent option value of these orders, and the adverse selection cost, which induces 

the problem of the winner's curse--the more likely that the order is mispriced, the more 

likely it will be executed. Strategic parameters associated with a limit order include its 

timing, price, quantity and time to expiry. 

The rationale and profitability of using limit orders and market orders are 

different, though there are still open questions in the literature. For example, the 

economic role of limit orders in the price discovery process and the interaction between 

limit and market orders are studied in Glosten (1994), Easley and O'Hara (1991), Seppi 

(1997), and Foucault (1997). The profitability of market orders and limit orders is 

compared in Harris and Hasbrouck (1996), and Randa and Schwartz (1996). Biais et 

al. (1995) focus on the interaction between the order flow and the order book under a 

continuous order-driven market setting, using data from the Paris Bourse. 

The liquidity of a stock has a significant impact on its value (Amihud and 

Mendelson, 1986a, 1986b). In quote-driven markets, dealers, as designated market 

makers, post two-sided quotations and provide liquidity to the market. A trade occurs 

as an outcome of a bilateral negotiation between a dealer and a trader, whereby the final 

transaction price may differ from the dealer's original quote. In return for the 

immediacy service, the dealer is compensated for the inventory cost, the order 

processing cost, and the adverse selection cost, which is the cost of possibly trading 

with informed traders. The compensation of a dealer for making the market is 

generally measured by the dealer's quoted spread, which may vary from one dealer to 

another. The market spread is defined as the difference between the highest bid and the 

lowest ask among all dealers' quotations. Hamilton (1991) argues that the dealer and 

market spreads have different indications and are not interchangeable. An increase in 

temporary trading activity widens the market bid-ask spread but narrows the dealer's 

quoted spread. 
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In order-driven markets, public limit orders are the major source of liquidity for 

immediate on-market trading. When investors submit limit orders, they provide 

liquidity to the market, whereby they substitute for dealers and serve as market malcers. 

However, limit order traders have no obligation to post continuous two-sided quotes, as 

dealers do. The major aim of limit order traders is generally to transact at a relatively 

lower cost, or at a favourable and specified transaction price, especially when they are 

unable or unwilling to monitor the market continuously. 

The question of how limit order traders, who generally do not post two-sided 

quotes, are compensated for market making and providing liquidity, has not been fully 

answered. A number of studies suggest that limit order traders are compensated by 

temporal order imbalance resulted from liquidity (noise) trading (Niemeyer and Sandas, 

1993; Foucault, 1997). Berhardt and Hughson (1996) argue that price discreteness, 

constrained by the stock exchange' s regulations, effectively limits competition and 

leads to a price schedule that is profitable for a market maker. Berhardt and Hughson 

(1997) demonstrate that, in an order-driven market, where incoming market orders are 

split against existing limit orders on the price schedule, there are positive profits for 

market making, even if there is a cost attached to doing so. 

Limit orders that were submitted and have not been executed, expired or 

cancelled remain on the market are generally kept in queues according to certain 

priority rules. Collectively, they are referred to as the limit order book, which indicates 

the available liquidity and information on the market.2 The limit order book also 

records, through time, how liquidity was provided and consumed on the market. A few 

aspects regarding the limit order book have been studied in the literature. However, the 

characterisation of the whole limit order book is still an on-going area for research, and 

it is the focus ofthis paper. 

The bid-ask spread of the limit order book maintained by the ASX is defined as 

the difference between the highest buy price and the lowest sell price of all limit orders 

2 The limit order book was originally a ledger that lhc specialist kept to log limit orders. 
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on the order book. It measures the cost of making an immediate round-trip transaction 

(buy then immediately sell). This bid-ask spread is equivalent to the market bid-ask 

spread, as suggested by Hamilton (1991). A number of studies shows that a non-zero 

market bid-ask spread always exists in equilibrium (Cohen et al., 1981; Ho and Stoll, 

1983; Glosten and Milgrom, 1985). 

The bid-ask spread has been studied extensively in the literature (Demsetz, 

1968; Tinic, 1972; Copeland and Galai, 1983; Glosten and Harris, 1988; Stoll, 1989; 

Frino, 1995). Most of these studies, however, are based on dealer markets (Frino, who 

studies the ASX, is an exception). The bid-ask spread is a commonly used measure of 

transaction cost and market liquidity. Large bid-ask spreads represent large transaction 

costs, and thus an illiquid market. It is generally recognised that the bid-ask spread has 

three components (Stoll, 1989; Huang and Stoll, 1997). These are the order processing 

costs, inventory holding costs and adverse selection costs. Stoll (1989) estimates that 

the ratio of these three components is 47: 10:43 and is invariant across stocks traded on 

NASDAQ/NMS. de Jong et al. (1996) examine the components of the bid-ask spread 

in a order-driven market setting, using data from the Paris Bourse. They find that the 

adverse selection costs account for 30-45 percent of the bid-ask spread and the 

remainder are order processing costs. Inventory holding costs seem insignificant on the 

Paris Bourse. Frino and Mccorry (1996) claim that the bid-ask spread is tighter on the 

ASX than on the New York Stock Exchange (NYSE).3 

The depth is a quantity measure of the limit order book, which is a less studied 

issue in the literature. The depth at the best bid (ask) price indicates that an immediate 

trade can be made up to that quantity without moving the price. The depth away from 

the best price indicates how an immediate trade for a quantity that is larger than the 

depth at the best price would affect the current market price. Lee et al. (1993) 

investigate the specialist's quoted quantity (depth at the best quotes) and its relationship 

to the bid-ask spread on the NYSE. They find that liquidity providers coordinate both 

prices and quantities--they widen spreads and lower depths prior to earnings 

announcements, when the adverse selection problem is likely to be more severe. Lee et 

3 Liquidity is provided by both a specialist and public Iimil orders on the NYSE. 

5 



al. suggest that the depth provides a measure of market liquidity in the quantity 

dimension, whereas the bid-ask spread is a measure in the price dimension. Kavajecz 

(1998) demonstrates that liquidity providers use depth as a strategic variable to 

minimise the adverse selection costs. Both specialist and limit order traders reduce 

their contribution to depth when they believe that they are more likely to trade with 

informed traders. 

Biais et al (1995) examine the market depth up to the best five quotations on 

each side of the limit order book on the Paris Bourse. They report that the depth is 

lower at the bid-ask spread, whereas the bid-ask spread is wider than spreads between 

adjacent quotes away from the best quotes. Niemeyer and Sandas (1993) analyse the 

market depth up to the best five quotes on the Stockhohn Stock Exchange (SSE). They 

find that the depth is greater close to the bid-ask spread, whereas the bid-ask spread is 

tighter than spreads between adjacent quotes away from the best quotes. They argue 

that the difference between their results and those of Biais et al. (1995) is due to the 

SSE's larger tick size.4 

The depth of the order book is influenced directly by investors' strategic 

decisions to trade via limit orders or market orders. Market orders consume liquidity 

and reduce the depth of the order book, while limit orders provide liquidity and 

increase the depth of the order book. On the other hand, the state of the order book also 

influences investors' order submission strategies. For example, Biais et al. (1995) 

report that "thin books elicit limit orders and thick books result in trades." Handa and 

Schwartz (1996) suggest that investors adjust their decisions to trade via market or limit 

orders, so that the market can be viewed as a self-sustaining ecological system, 

whereby the supply of and demand for liquidity (via market and limit orders) can be in 

natural balance. 

Other factors such as price clustering (the tendency for prices to be quoted in 

round numbers) and the tick size rules of the stock exchange also influence the depth of 

the order.book. Price clustering is pervasive in financial markets (Niederhoffer, 1965, 

4 Both the Paris Bourse and the SSE use a market structure that is similar to the ASX. 
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1966; Harris, 1991; Aitken et al., 1996). Price clustering results endogenously from 

investors' imprecise beliefs about a stock's true value, their incentives to reduce 

negotiation costs, and their preferences for particular numbers. The tick size rule is an 

exogenous factor, which is generally proportional to the price. The tick size rule 

determines directly the price grids that investors may use to place orders on the market. 

It also constrains both the minimum value of the hid-ask spread and the cost of 

obtaining execution precedence on markets where the time priority rule is strictly 

enforced (the tick size rule determines the cost of front-running an existing order; see 

Harris, 1996). Seppi (1997) argue that both institutional and small investors prefer a 

non-zero tick size and that the relationship between tick size and liquidity is non­

monotonic and discontinuous. Price clustering combined with the tick size rule causes 

discreteness and "bumps" in the order book and thus in the distribution of the depth 

across prices. 

The informational content of the limit order book is another important topic for 

research. Since both informed and uninformed traders submit limit orders, the order 

book contains two components, the informational and noisy components. The 

separation of these two components may provide further understanding of the order 

book, though it is still a question for research. Furthermore, the order book contains 

out-of-date information, represented by old (stale) orders that have not been cancelled, 

possibly due to the cost associated with cancellation. This property is referred to as the 

"stickiness" of the order book by Cohen et al. (1978). They suggest that the extent to 

which stickiness causes market price to depart from its true value depends on the 

number of orders, their average lives and the price distribution of these orders on the 

order book. 

The purpose of this paper is to characterise and to explain the limit order book 

during normal trading hours in an electronic, order-driven market setting, using data 

from the ASX. It differs from other previous studies as it examines the entire limit 

order book. In addition to the price and quantity dimensions, the time dimension of the 

limit order book is also included. However, results presented in this paper are based 

only on the pilot study, which consists of two stocks--BHP and CSR, for five trading 

days. 
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The remainder of this paper is organised as follows. A discussion of the ASX's 

institutional arrangements and trading rules is presented in Section 2. Hypotheses 

regarding properties of limit orders on the order book and the shape of the price 

schedule are proposed and discussed in Section 3. Section 4 describes the data and 

Section 5 provides test procedures and results. Section 6 concludes the paper. 

2. INSTITUTIONAL BACKGROUND OF THE ASX 

The ASX operates a fully computerised trading system--the Stock Exchange 

Automated Trading System (SEATS).5 Traders express their trading interests by 

submitting orders (to buy or to sell) electronically to SEATS, where a unique limit 

order book is maintained for each stock traded on the ASX. During normal trading 

hours, transactions occur continuously and instantaneously when the price of an 

incoming bid (ask) order matches or overlaps the price of the best opposing ask (bid) 

order on the limit 'order book. Unexecuted orders are kept in queues, in accordance 

with strict time and price priority rules. This limit order book is open, in the sense that 

it is observable through SEATS terminals by the public.6 There is no designated 

market maker involved (i.e., there is no dealer, jobber or specialist) during the 

transformation process from orders to trades. Instead, public orders function dually as 

providers and consumers of liquidity. The ASX requires that all orders be placed into 

SEATS through brokers, who may act as informal market malcers. They may facilitate 

their clients' trades by placing opposing orders on their own accounts. More generally, 

they may trade as principals from time to time (Aitken et al., 1995). 

Investors can place two types of order on SEATS--lirnit orders and market 

orders. Market orders are followed by immediate transactions if they are placed while 

the market is open, whereas the execution of limit orders is generally delayed until its 

5 SEATS became operational on 19 October 1987 with a limited number of actively traded stocks. 
SEATS became fully operational for all traded stocks on 29 September 1990 (ASX SEAT Circular lo 
Member Organisations 36; Wee, 1998). 
6 However, tbe quantity of an order can be undisclosed (or partially disclosed) if the value of the order is 
not less than some specified amount, currently $100,000 (SIRCA, 1996, p. 74). 
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price is matched by an opposing incoming order.7 Unexecuted limit orders remain in 

the limit order book and can be amended later if desired. They are displayed to the 

market until they are executed, expired, purged or cancelled. In addition, SEATS 

allows some special types of order. "All or nothing" is an order that is effective only if 

the entire volume can be filled. "Fill and kill" is an order to execute the proportion of 

volume that matches the quantity at the best price on the opposite side of the market 

and to cancel the remainder of the order. "All or nothing" and "fill and kill" orders are 

basically market orders, in the sense that transactions immediately follow their 

placement. "Short sales" are orders for sale, whereby the submitters do not own the 

stock. "Crossing orders" are paired orders submitted by brokers, whereby they act on 

behalf of both buyer and seller. "Improvement" is an amendment to an existing order, 

by ticking the order (i.e., shifting the price) one-price step closer towards the opposite 

side of the market. 

SEATS operates through a network of computer terminals. There are two types 

of terminal at present: "watch" and "trading". Watch terminals are usually designated 

screens at the Sydney and regional offices of the ASX. They are readily accessible to 

the general public. For each stock, a watch terminal displays the best bid and ask 

prices on the market, the highest and the lowest trading prices on the previous day, the 

most recent trading prices to that point in time and the quantity of shares transacted so 

far that day. The "ticker tape" is also displayed on a watch terminal; as each trade 

occurs, it shows the stock's ASX code, the volume and the price. "Trading" terminals 

are generally located in brokers' offices. These terminals function partly as watch 

terminal, and partly as the trading platform. The limit order book, maintained by 

SEATS, for each traded stock on the ASX is observable through these terminals. 

SEATS runs continuously between 3:30 a.m. and 11:00 p.m.,8 from Tuesday to 

Friday; and between 7:00 a.m. and 11:00 p.m. on Monday. It is closed on weekends 

and public holidays. The time schedule of SEATS is shown in Table 2.1. 

7 Limit orders can also result in immediate transactions if their specified prices match or overlap with the 
best price on the opposite of the market at the lime when tliey are submitted. These orders arc generally 
referred as marketable limit orders (see above, p. 2). 
8 The limes referred to are Eastern Australian Standard Time. 
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TABLE2.l 

THE TIME SCHEDULE OF SEATS 

Time 

7.00-7.30 a.m. (Monday) 
3.30-7.30 a.m. (Tuesday-Friday) 

7.30-10.00 a.m. 

10.00-4.00 p.m. 

4.00-5.00 p.m. 

5.00-7.00 p.m. 

7.00-8.00 p.m. 

8.00-11.00 p.m. 

11.00 p.m.- 3.30 a.m. 

Phrase 

Enquiry 

Pre-Opening 

Normal Trading 

Closing 

After Hours Adjust 

Housekeeping 

Enquiry 

Closed 

Source: ASX SEAT Circular lo Member Oroanisations 45, 73, 82; Gallon (1997). 

Trades can occur on the market only during normal trading mode, when no 

overlapping orders can exist on the limit order book. Typically, normal trading takes 

place from about 10 a.m. to 4 p.m.9 Since over 1000 stocks are traded on the ASX, to 

accommodate the sequential nature of computer processing, a staggered opening 

procedure is used on SEATS. 10 As each is opened, a special algorithm is used to clear 

overlapping orders that have accumulated overnight. This selecting and clearing 

process lasts about 10 minutes. After the market for a stock has opened, it is then ready 

for normal trading. Trades may occur continuously (unless trading is halted during the 

day) until the market closes, typically at 4 p.m. 

SEATS employs several trading rules that may significantly affect the analysis. 

Minimum Price Tick Rules: Minimum price tick rules restrict the minimum pnce 

distance between orders at different prices. These rules also constrain the minimum 

value of the bid-ask spread, as no spread can be less than the minimum price tick. The 

9 Under special circumstances, these trading hours may be extended. For instance, on 12 July 1993 when 
Woolworths was relisted, the closing lime of lhe market was extended from 4 p.m. lo 7.30 p.m. lo 
accommodate the abnormally high level of trading. 

10 ASX SEAT Circular to Member Ornanisations 33, 77. 
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Stock Price 

Up to 10 cents 

Bel ween 10 and 50 cents 

More than 50 cents 

Source: Aitken et al. (1996, p. 23). 

TABLE2.2 

MINIMUM PRICE TICK RULES 
(As from 5 December 1995) 

Tick 

0.1 cent 

0.5 cent 

1 cent 

ASX's current regulation of minimum ticks is presented in Table 2.2. The rule, 

however, does not apply to trades executed during the opening process, whereby 

trading prices are determined by the opening algorithm. These prices are rounded to 

the nearest tenth of a cent, which for prices greater than ten cents is obviously smaller 

than the corresponding minimum price tick of one cent. 

Trading Halts: Until 23 April 1993 the ASX automatically halted all trading for 10 

minutes when important economic announcements, such as the Balance of Payments 

and the Consumer Price Index, were made. Nowadays, trading on a particular stock is 

halted only when the exchange receives a company announcement that the exchange 

deems to be price-sensitive, or when the exchange agrees to a company's request for a 

halt to trading. Trading halts mostly are for at least 10 minutes. During the trading 

halt, the market is put into Pre-Opening Phrase. 11 That is, order submissions and 

amendments are allowed, but no trades occur. The opening algorithm applies when the 

market is reopened following a trading halt. 

The Opening Algorithm: Before 9 June 1998 (and during my sample period), SEATS 

used a unique opening algorithm to execute overlapping orders during the opening 

process each morning and following a trading halt. 12 Beginning 23 August 1990 it 

involved calculating the volume weighted average price of the best overlapping bid and 

11 The market for a stock is put into Adjust Phrase for a takeover announcement of the stock, whereby 
only cancellation or retention of existing orders is permitted (ASX SEAT Circular lo Member 
Organisations 48). 
12 See Wee (1998). 

11 



ask orders. This average price, rounded to the nearest tenth of a cent, was used as the 

execution price of the trade formed by the two orders. 13 This process was repeated 

sequentially for the next best overlapping orders, until all overlapping bids and asks 

were cleared. This algorithm can potentially produce a sequence of different prices and 

a large number of trades with the same time stamp, to lOO'h of a second on SEATS, at 

the opening. SEATS reports the price of the first trade for a stock as the "official" 

opening price of the stock on the day. As the first trade often occurs during the 

opening process, with its price determined by the opening algorithm, some opening 

prices that are reported on the ASX are actually prices calculated by the opening 

algorithm, instead of prices specified by traders. 14 

Undisclosed Orders: Undisclosed orders are orders with their respective volumes 

totally or partially hidden to the public. The minimum value for an undisclosed order is 

$100,000 as from 14 October 1996 (SIRCA, 1996, p. 74). 15 Undisclosed orders and 

disclosed orders are held in accordance with the same price and time priority rules. 

However, within an individual order, the undisclosed quantity has priority over the 

disclosed quantity (ASX, 1993, p. 304). When an undisclosed order is partially traded 

so that the remaining value is less than the minimum value for an order to be 

undisclosed, the remaining quantity will be fully disclosed (ASX, 1993, p. 208). 

Undisclosed volume has negative impact on market transparency. It is, however, a 

protection for large traders, to reduce their exposure risk, in the hope that more large 

traders will express their trading interests and thus increase market liquidity. 

EXJ?iration: Orders can be entered with a specified expiry date up to nine weeks from 

the entry date. When the expiry date of an order is not specified, SEATS designates a 

default value. It is three weeks for "active" stocks and nine weeks for "inactive" stocks 

(ASX, 1993, p. 209). An unexecuted limit order can be amended so that the expiry 

date is extended up to nine weeks from the date of the amendment. If the price of an 

"This opening algorithmpolentially encourages investors lo split their pre-opening orders inlo multiple 
orders of smaller quantities, or even to delay their order submissions unlil the market has opened. 
Consequently the market liquidity at the opening could be reduced. See Brown, Harris and Wee (1997). 
14 From the traders' perspective the price is never worse than their limit price, but it can be beller. 
15 The minimum value was $10,000 from 22 August 1990 to 23 October 1994; and $25,000 from 24 
October 1994 to 13 October 1996. See ASX SEAT Circular to Member Organisations 42, 86. 
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existing order is improved or the order is amended in some other way, its expiry date is 

unaffected. Wheri an order is partially traded, the expiry date is extended to three 

weeks from the date when the trade occurs for "active" stocks, or nine weeks for 

"inactive" stocks, if the later date exceeds the existing expiry date of the order. Special 

orders such as "all or nothing" and "fill and kill" expire immediately after they are 

entered. "Good for day only" orders expire at the end of the trading day. A warning 

message of "pending" is displayed on the broker's terminal for any orders that were 

entered by the broker and expire the next day. If these orders are to be retained, their 

expiry date must be amended before the end of the next trading day, otherwise they will 

be purged from the order book (ASX, 1993, p. 10). 

End-of-day Processing: At the end of each trading day, SEATS checks the validity of 

all unexecuted orders remaining on the limit order book and deletes invalid orders. The 

codes and reasons for deleting orders during the end-of-day processing are presented in 

Table 2.3. These codes are usually displayed against orders that have been deleted by 

SEATS. 

TABLE 2.3 

CODES AND REASONS FOR DELETING ORDERS 

Code 

Price 

Expired 

Day 

Purge 

Conca 

Split 

Delete 

Source: ASX (1993, p. 210). 

Reason 

I 00 Price Steps from markel on side of order 

Expired date reached 

Entered as "Good for day only" 

Slack in suspension or basis of quotation changed 

? 

? 

? 

13 



3. HYPOTHESES 

Three hypotheses regarding the properties of limit orders on the order book are 
' 

proposed in this section. These properties determine directly the shape of the book's 

price schedule, which can be approximated by an S-shaped curve, disconnected at the 

bid-ask spread. This discontinuity results in two separate segrnents--the bid and the ask 

segment, which capture the two queues of limit orders on the order book. Alternative 

functional forms for describing these segments are discussed and we argue that the log­

Iinear function should fit the data better than the linear function. 

Limit Orders on the Limit Order Book 

A number of attributes of each order are captured on the SEATS database. 

Three key variables are investigated in this study, viz., the order's price, its size (i.e., its 

volume or quantity of shares), and its age (i.e., the time interval that the order has been 

standing on the order book). 

The price of a limit order is an important indicator of its position on the order 

book. 16 Prices of orders are discrete due to the stock exchange's regulations (the tick 

size rules). These prices may also cluster at certain values (see, for example, Harris, 

1991; Aitken et al., 1996). Figure 3.1 gives an example of the marginal frequency 

distribution of prices on the limit order book, using data from BHP and CSR. 

Prices on the limit order book are spread across a range of prices rather than 

concentrated at a single price. Price dispersion appears on the order book for several 

reasons. First, the order book contains orders that were placed some time ago and have 

not been revised or cancelled. These orders may not reflect the latest information. 

Second, investors may quote different prices at the same moment. This occurs 

16 When a limit order is submitted and its price is specified lo be the same as tl1e best price on the 
opposite side of the market, the order is executed immediately and it is therefore unobservable on the 
limit order book. 
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especially among newly submitted orders. As current market information is costly to 

acquire, traders optimise on it. The optimal ignorance of traders results in an 

equilibrium distribution of prices (Burdett and Judd, 1983; Carlson and McAfee, 1983). 

Third, differences in traders' expectations about future prices and their cunent 

inventory position also contribute to price dispersion (Schwartz, 1988). Fourth, value 

traders may choose to place their orders away from the market and wait for profitable 

opportunities to arise, when they are unable or unwilling to continuously monitor the 

market and their cost of non-execution is low (Hanis, 1997). 

Cohen et al. (1978) suggest that the price distribution of the order book could be 

an important factor affecting the book's "stickiness", which causes transaction prices to 

depart from the efficient markets model and induces significant serial dependence 

patterns in security returns. They argue that the price of a buy limit order could be 

expressed as a function of the best ask price on the market and a random variable that 

has a "yawn" distribution. The justification for the yawn distribution is that investors 

are less likely to place limit bids very close to the market ask due to the "gravitational 

pull" effect and that investors tend to place limit bids around the market bid. A similar 

property holds for the prices of sell limit orders. Since the best bid and ask prices on 

the market may change over time and the limit order book contains orders that were 

submitted over a time period, the distribution of prices on the order book could be a 

mixture of yawn distributions and become very complicated. 

The size of a limit order indicates the quantity demanded (to buy) or supplied 

(to sell) by the order. The size of an order may be constrained by an investor's 

portfolio. It may also reflect the investor's trading strategy, e.g., order splitting to 

avoid being identified as an informed trader when market agents believes large traders 

are well informed and large orders contain more information (see, for example, Easley 

and O'Hara, 1987;-Hasbrouck, 1988). 

The size of limit orders and its distribution influence directly the depth 

at a particular price level and thus the total liquidity provided by the limit order book. 

Figure 3.2 shows the marginal distribution of limit order size, from BHP and CSR data. 
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There is clearly a tendency of size to cluster in the smaller quantity range (especially at 

1,000 shares). 

Age indicates the time duration that a limit order has been standing on the order 

book in its current form (indicated by its price and size), which captures the time 

dimension of the order book. The age of an order also indicates the extent to which the 

order may be out-of-date. The distribution of order ages on the order book has not been 

studied explicitly in the literature. Nevertheless, as already noted, Cohen et al. (1978) 

suggest that the average life of limit orders could be another important factor 

influencing the stickiness of the order book. More recently, Lo et al. (1997) model the 

time-to-execution of limit orders and find that execution time is very sensitive to 

factors such as the limit price relative to the quote midpoint, market depth and market 

volatility, but is insensitive to order size. The execution time of limit orders is relevant 

to the average age of limit orders that have not been executed and remain on the order 

book, because the shorter the execution time, the smaller the average age should be, 

other things being equal. The average age is also related to the expiry date. The longer 

the expiry date of an order, the longer this order is expected to be live on the order book 

before it is executed, cancelled or purged. Accordingly, investors' decisions to use a 

longer expiry dates may result in a longer average age of the order book, and vice 

versa. 

Figure 3.3 demonstrates how age is distributed on the limit order book, again 

from the data for BHP and CSR. A distinct feature of this figure is that most orders 

(around 90 percent) are less than seven days old, even though the maximum age can be 

up to nine weeks according to the exchange's regulations. 17 Moreover, new orders 

(orders aged less than one day) account for about 20 percent. This holds for both BHP 

and CSR. 

17 This may also appear as a result of lhe end-of-day processing of SEATS, whereby orders priced JOO 
ticks from the market are purged from lhe limit order book automatically. 
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FIGURE 3.3 

AGES OF ORDERS ON THE LIMIT ORDER BOOK 
(At noon on 11 December 1995) 
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Three hypotheses regarding the relationships between price, size and age of 

limit orders on the order book are proposed and discussed below. An intuitive 

illustration of these relationships is given in Figure 3.4. 

HJ. There is a positive relationship between the age of a live limit order and its price 
distance from the best bid (ask). 

As demonstrated in Figure 3.1, limit orders on the order book are spread across 

a range of prices. We argue that the price of an order relative to the best market price is 

related to its corresponding age. The more recent the order, the closer its limit price 

should be relative to the best bid (or ask) price. Trades on the ASX are executed in 

price then time priority. 18 The probability that an order will be completed decreases 

with price moving away from the best bid (ask) price. On the other hand, orders with 

prices away from the best bid (ask) price may provide more profits upon their 

execution. The trade-off between profitability and the probability of execution, 

combined with the existence of asymmetric information and heterogeneous 

expectations, will cause a price distribution, when all orders are submitted at the same 

time, similar to a yawn distribution as suggested by Cohen et al. (1978). Generally 

speaking, traders tend to place new limit orders close to the best bid (ask) price, 

because there is less incentive for a trader to incur the cost of submitting an order at a 

price far away from the current market, which has smaller execution probability. 

However, newly released information and price volatility will cause market price to 

move over time. Since the limit order book records all live orders regardless of when 

they were entered, the older the unexecuted order, the further the current market price is 

likely to have moved away from the order's limit price. Therefore, we expect to 

observe a shorter age for an order that is close to the market, and a longer age for an 

order that is far away from the market. 

H2. There is an inverse relationship between the size of a live limit order and its price 

distance from the best bid (ask). 

18 An exception is a crossing, which can be traded ahead of the queue. According to the ASX trading 
rules, execution of crossings is allowed only when the concurrent market bid-ask spread is one tick. 

20 



FIGURE 3.4 

THE RELATIONSHIPS BETWEEN PRICE DISTANCE, ORDER SIZE AND ORDER AGE 
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Limit orders observed on the order book are mostly of smaller sizes. For 

example, Figure 3 .2 shows that more than 80 percent of BHP sell orders are less than 

2,000 shares, while the largest sell order at the same time is for more than 70,000 

shares. We argue that larger orders tend to be closer to the market, while smaller orders 

may be spread across all price distances. 

The larger the size of the order, the closer its price will be relative to the best 

quote on that side of the market. This argument is primarily based on the option 

component associated with limit orders. Placing a limit order is equivalent to writing 

an option that is free to other market participants, except that it can be cancelled at any 

time. The value of this option is theoretically determined by the size of the order, its 

price relative to the best price on the same side of the market, its expiry date and market 

volatility. Limit orders are out-of-the-money options before they are executed. The 

further away the limit price is from the current market, the deeper it is out-of-the­

money and the lower its option value, other things being equal. On the other hand, 

placing an order "close to" the current market limits the option's effective expiry date 

and lowers its value. The shorter life is traded off against a more attractive exercise 

price (a lower call price in the case of a limit order to sell, a higher put price in the case 

of a limit order to buy). The option value captures a part of the waiting costs associated 

with limit orders, where they eventually become in-the-money and are executed, 

following a market price change. Therefore, larger limit orders with potentially 

significant option values are expected to be placed at a distance that will balance the 

value implications of the exercise price and the order's expected life. A larger order's 

option value is likely to be monitored more closely and the order will be amended more 

frequently, so that its age will be lower. 

Furthermore, large orders are often associated with institutional investors. They 

would typically perceive themselves as informed and are likely to have a higher 

demand for immediacy (via market orders). When they place a large limit order, it is 

more costly for them to be exposed to the market while waiting for their order to be 

completed. 19 When the current market moves away from their expectations, it is more 

19 The total cost of waiting associated with limit orders include the opportunity cost, tl1e cost of being 
front-run, the loss of the equivalent option value and U1e risk of not completing the order. 

22 



likely they will cancel their orders, because (as before) the cost of cancelling a larger 

order may be lower relative to the cost of the option value implicit in the order. 

For these reasons, larger limit orders standing on the order book are more likely 

to be close to the best bid or best ask quote. Orders far away from the best quotes are 

more likely to be small orders that will expire eventually, due to the cost of 

cancellation. Therefore we expect to observe smaller orders at longer price distances, 

and larger orders at shorter distances. Note that smaller orders may also be observed at 

smaller distances. 

H3. There is an inverse relationship between the size of a live limit order and its age. 

Limit orders can be live on the order book for up to nine weeks according to the 

ASX's regulations. Using arguments similar to those that underpin H2, we argue here 

that order age is related to the corresponding size and larger limit orders tend to have 

shorter lives. That is, larger orders are more likely to be traded against, expired or 

cancelled, and Jess likely to stay in the book for Jong. As previously discussed, placing 

a limit order is similar to writing an option. The larger a limit order, the greater its 

implicit option value or premium, and the more incentive a trader has to shorten the 

order's effective life, either by placing it closer to the market or shortening the expiry 

date. In addition, institutional investors, who are often associated with larger orders, 

tend to have a higher demand for immediacy, which will be realised generally through 

market orders, or limit orders that are placed very close to the market and tend to be 

executed quickly. Larger limit orders are also more likely to be cancelled due to their 

relatively larger exposure cost and smaller cancellation cost. In contrast to larger 

orders, the cost of cancelling a smaller order may exceed its option value. Therefore, 

unfilled small orders will tend to stay on the schedule until they eventually expire or are 

deleted by the ASX because they are too far removed from the current market. 

Accordingly, we expect order size and order age to be inversely related. 

The Shape of the Price Schedule 

Limit orders on the order book are held in two queues, one for bids and another 

for asks, according to their price and time precedence. For instance, the queue for bids 
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is arranged first in descending order of price; that is, bids that have the highest price at 

the time will stand in the front of this queue. When there is more than one bid at a 

given price level, these bids are arranged according to their age (time of entry). The 

oldest order stands at the front of the queue at the corresponding price level. Since 

SEATS records time with precision to the hundredth of a second, it is rare for two 

orders to have the same time stamp. 20 In other words, every order on the order book 

has a unique value in the time dimension. Accordingly, every order on the order book 

has a unique precedence rank. 

While the time (age) dimension determines the trading precedence at a given 

pnce level, the price and quantity (size) dimension reveals the concept of market 

liquidity, that is, how price would be affected by trading volume. Since the time 

priority rule is strictly enforced on the ASX, it has a significant impact on investors' 

order submission strategies, especially in determining the prices of limit orders. Here 

we concentrate on the properties of the limit order book on a two-dimensional plane of 

price and quantity--the price schedule, at a given point in time. As an example, Panel 

A of Figure 3.5 shows the price schedule of BHP sell orders at noon on 11 December 

1995. The horizontal axis indicates the prices of the live sell orders, whereas the 

vertical axis gives the quantities associated with each order. The best ask price on the 

market is indicated by the lowest price of these orders, $18.80 (at the left of the 

horizontal axis). The quantities vary significantly across individual orders. However, 

larger orders (more than 10,000 shares) are closer to the best ask price and orders at the 

end of the price queue (around the right-end of the horizontal axis) are mostly smaller 

orders. There is clear evidence that orders cluster at the price of $19.00, $19.50 and 

$20.00. Furthermore, the density of orders (the number of orders per price unit) tends 

to decrease when price moves away from the best ask price. 

The aggregate price schedule is obtained when the quantities of orders at the 

same price are added together. The aggregate price schedule ignores details of 

20 In any event, each transaction is assigned a unique identifier on a strict time basis so the system can 
always differentiate between two orders' time priority. 
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individual orders and represents the total quantity available at a given price. Panel B of 

Figure 3.5 gives the aggregate price schedule of BHP from the orders represented in 

Panel A. Similar to quantities of individual orders, the aggregate quantities also 

fluctuate across prices, with substantially larger values at some particular prices, i.e., 

$18.82, $19.25, $19.50 and $20.00. These extreme values of aggregate quantities are 

either due to the existence of larger orders (at $18.82 and 19.25) or the clustering of 

orders at these prices (especially at $19.50 and $20.00). Moreover, the magnitude of 

the aggregate quantity tends to decrease with price moving away from the best ask 

price, due to the lower order density and the smaller size of orders at the end of the 

price priority queue. 

The cumulative price schedule is constructed by accumulating the quantities of 

orders that are priced less than or equal to a given price for sell orders, or greater than 

or equal to a given price for buy orders. The cumulative price schedule represents the 

total quantity available on the order book up to a given price. In other words, it 

indicates the last price for a particular quantity if an immediate on-market transaction is 

required. As the limit order book is the major source of liquidity for immediate on­

market trading on the ASX, the cumulative quantity at a given price indicates the depth 

available on the market up to that price and reveals the exact price impact of a given 

trading quantity. 

Panel C of Figure 3 .5 shows the cumulative price schedule for the same set of 

BHP orders as in Panels A and B. The cumulative price schedule is discrete and not 

smooth. Jumps appear at particular prices, due to large orders and order clustering. 

The "curve" increases rapidly near the best ask price. However, the rate of increase 

tends to decrease as price moves away from the best price, due to the reduced aggregate 

quantity of sell orders at successively higher prices. 

Define the depth of the limit order book at a given pnce as the signed 

cumulative quantity at that price, which is positive for sell limit orders and negative for 

buy limit orders. The two cumulative price schedules for sell and buy orders can be 

combined into one integrated curve, which represents the whole price schedule for the 

limit order book at·a point in time. 
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The whole price schedule for the limit order book for BHP, at noon on 11 

December 1995, is shown in the top panel of Figure 3.6. The schedule, which reflects 

the depth of the limit order book, is similar to an S-shaped curve. It increases rapidly 

around the best bid and ask prices and slows as the price moves away from the best 

prices. The left end of the curve, which is the finish point of the cumulative price 

schedule for buy orders, indicates the lowest price ($17.00) and the total quantity 

(413,176 shares) of buy orders on the limit order book at the time. In other words, it 

indicates the total liquidity that the limit order book can provide to a seller and the last 

price for the transaction to be completed. The right end of the curve, which is the finish 

point of the cumulative price schedule for sell orders, indicates the highest price 

($20.50) and the total quantity (504,682 shares) o sell orders on the limit order book at 

the time. It shows the total liquidity that can be provided by the limit order book to a 

purchaser and the last price to complete this order. The two important middle points, 

which are the start points for the two cumulative price schedules, represent the position 

of the current market. The left middle point represents the best bid price (the highest 

buy price among all buy limit orders) and the quantity available at that price. This 

point shows that an incoming sell order of up to 4,000 shares can be executed 

immediately at $18.79, while a transaction of more than 4,000 shares will lower the 

current market best bid away from $18.79. Similarly, the right middle point represents 

the best ask price ($18.80) and the quantity available at the price (2 shares). It indicates 

that an incoming buy order of 2 shares can be executed instantaneously at $18.80, and 

the execution of more than 2 shares will consequently raise the best ask price away 

from $18.80. The difference between the two middle points on the horizontal axis, i.e., 

$18.80 - $18.79 = $0.01, is the market bid-ask spread. 

The lower panel of Figure 3.6 gives the limit order book for CSR at noon on 11 

December 1995. It shows that the total quantity of buy limit orders available on the 

order book is 878,482 shares and the associated last price is $3. 70, while the total depth 

provided by sell limit orders is 145,539 shares and the corresponding last price is $4.85. 

The position of the market at the time is defined by the two middle points: 

($4.44, -6,700 shares) and ($4.45, 31,015 shares). These points indicate that an 
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FIGURE3.6 

THE WHOLE PRICE SCHEDULE FOR THE LIMIT ORDER BOOK 
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immediate transaction can be made at the price of $4.44 for 6, 700 shares for an 

incoming sell order, and at the price of $4.45 for 31,015 sbares for an incoming buy 

order. Accordingly, an order to sell (to buy) more than 6,700 shares (31,015 shares) 

will lower (raise) the current best bid (ask) price if the order is executed immediately. 

The market bid-ask spread at the time is $4.45 - $4.44 = $0.01. 

A common feature shared by the two price schedules in Figure 3.6 is that both 

of them are similar to an S-shaped curve, indicating the depth increases, whereas the 

rate of this increase decreases, when the price moves away from the market price 

(represented by the two middle points). In addition, these price schedules are all 

discrete, with "lumps" appearing at particular prices. 

H4. The whole price schedule for the limit order book is non-linear and convex, which 

is similar to an S-shaped cu111e. 

The shape of the price schedule for the limit order book is determined directly 

by the properties regarding the price, size and age associated with individual limit 

orders, which have been discussed earlier. Limit orders on the order book spread 

across a certain price range rather than concentre on a single price, i.e., the best bid 

(ask) price. The depth of the order book increases with the price moves away from the 

best price, whereby more quantities become available. However, the rate of the depth 

increase cannot increase when the price moves further away from the best price, as (i) 

larger orders tend to be placed close to the market and orders further away from the 

market tend to be smaller; (ii) the density of orders tends to be larger near the market 

and smaller further away from it. 

An "idealised" price schedule for the limit order book, during normal trading 

hours, is represented in Figure 3.7.21 The idealisation is made by omitting the effects of 

discreteness, clustering and any imbalance between the quantity of bids and asks. 

However, the discontinuity between the best bid and best ask remains, which separates 

the schedule into two segments--the bid segment and the ask segment--that are exactly 

21 There is no over! ap of buy and sell orders during normal trading hours on tl10 ASX, unless a trading 
halt occurs. 
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FIGURE 3.7 

AN IDEALISED PRICE SCHEDULE FOR THE LIMIT ORDER BOOK 
(At a point in time during normal trading hours) 
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symmetric in the figure. There are four important points in Figure 3.7. Points Al and 

B 1 represent the current position of the market: the best ask and bid prices and the 

associated depths at those prices. Point A2 indicates the total depth of the sell orders 

and the highest price among these orders, while point B2 shows the total depth 

provided by the buy orders and the lowest price among them. 

We can formalise the shape of the price schedule in Figure 3.7 as follows. 

Consider the ask segment (the analysis for the bid segment is symmetric). Let p~ be 

the best ask price and D~ be the associated unsigned depth. Let D be the unsigned 

depth at price p and let x be the distance of p relative to the best ask price, i.e., 

x = p - p~. Then the depth function, which describes the price schedule from Al to 

A2, must satisfy the following conditions: 
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(3.1) dD ;?. 0 and 
dx 

with D = Dt for x = O; and D;?. Dt for x > 0. 

A Functional Form for Describing: the Price Schedule 

The limit order book, at a given point in time, can be represented to some extent 

by the four points as shown in Figure 3.7, which reveal, in the price and the depth at the 

market, and the total depth on each side of the order book. However, information 

contained in the order book about how market price would be affected by an immediate 

trade of a size that is greater than the depth at the market and less than the total depth of 

the order book remains uncovered. Therefore, we introduce a depth function that 

satisfies the conditions of (3.1). 

A general functional form for the depth function can be written as 

(3.2) 

where Dci.i =(Di. -1)/ le; xci.i =(xi. -1)//c; and le is the Box-Cox parameter. 

Equation (3.2) includes the linear and log-linear relationships between the 

dependent variable, D, and the independent variable, x, as special cases. That is: 

(3.3) D=a+Bx for A=l, 

(3.4) ln(D)=a+Bln(x) for!c=O. 

The linear functional form of (3.3) has been suggested by previous studies (see, 

e.g., Glosten, 1994; Biais et al., 1995), which implies that the depth of the limit order 

book increases at a constant rate. We argue here that the log-linear equation (3.4) is 
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more appropriate for describing the price schedule for the limit order book. The first 

and second derivatives of (3.4) are 

(3.5) dD = r:lD = r:l a " 1 P Pe x"- , 
dx x 

(3.6) 

As D and x are always positive, conditions of (3.2) requires that 0 :'> p :'> 1. 

Under this constraint, the log-linear function (3.4) has a non-negative first-order 

derivative and a non-positive second-order derivative. Note that the depth is a constant 

for P = 0 ; the depth increases and the rate of the increase falls with distance x for 

p < 1; and the rate of the increase becomes constant for p = 1, whereby the log-linear 

function (3.4) becomes a linear function. 22 Accordingly, the following hypothesis is 

proposed: 

H5. The price schedule for the limit order book is described better by a log-linear 

function than a linear function. 

3. DATA 

There were 1,156 stocks listed on the ASX on 28 June 1996. The frequency 

distribution of these stocks with respect to trading price, the number of shares on issue 

and trading frequency (number of trades per day) is represented in Figures 4.1-4.3, 

respectively. Figure 4.1 shows that most of ASX stocks were traded under 5 dollars, 

with a concentration of nearly 35 percent between 10 and 50 cents, and 30 percent 

between 1 and 5 dollars. Figure 4.2 reveals that more than 40 percent of these stocks 

have outstanding shares between 10 and 50 million, and less than 5 percent of them 

22 For p =I, equation (3.4) can be written as D = e" x. This specification implies that D = O for 

x = 0 , which is rarely observed in real data. 
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TRADING PRICES OF ASX STOCKS 
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AVERAGE DAILY TRADES OF ASX STOCKS 
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have issued more than 1,000 million shares. The average daily trades, from January 

1995 to December 1996, are given in Figure 4.3. More than 35 percent of ASX stocks 

were traded between 1 and 5 times per day, while only 2 percent (28 stocks) traded 

more than 100 times daily. 

Two stocks were selected for the pilot study, viz. BHP and CSR. The major 

trading statistics for these two stocks are given in Table 4.1. At the time BHP was 

traded around $18 and 681 times per day, while CSR was traded around $4.50 and 187 

times daily. The number of shares on issue at the end of June 1996 was 1967 million 

for BHP and 977 million for CSR. The BHP's trading price was almost four times that 

of CSR, while the number of BHP shares on issue was about twice CSR's, so that the 

magnitude of the market capitalisation of BHP was approximately eight times that of 

CSR. The number of average daily trades of BHP was over three times CSR' s. 

Among ASX stocks, CSR was one of the most popularly priced stocks (those 

priced between $1 and $5), while BHP belonged to the top 30 high-priced group (above 
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TABLE4.l 

DESCRIPTIVE STATISTICS FOR THE TWO STOCKS IN THE PILOT STUDY 

ASX Industry 
code 

June 1996 Shares Average 
price on issue 

daily trades 
($) (million) 

BHP Resources 17.57 1,967 681 

CSR Building materials 4.49 977 187 

Notes: I. The price is taken as tl1c last trading price of the lwo stocks by 28 June 1996. 
2. Shares on issue are laken from Lhe AGSM' s SPPR database, which is calculated as lhe number 

of equivalent fully paid shares. 
3. Average daily trades are calculated as tl1e total number of trades divided by the number of 

trading days during the period from 1 January 1995 lo 31 December 1996. 

$10). Furthermore, BHP was one of the top one percent of all stocks that had issued 

more than 1,500 million shares, while CSR fell in the top five percent. Both BHP and 

CSR were among the most frequently traded stocks (28 stocks, or two percent of all 

stocks, were traded more than 100 times per day in the two years). 

The sample period used for the pilot study is from 11 to 15 December 1995, 

which involves five trading days. Hourly sampling frequency was applied during the 

normal trading period from about 10 a.m. to 4 p.m. Accordingly, seven snap shots 

were taken each day and a total of 35 snap shots for the five trading days.23 Information 

recorded at each snap shot for each live limit order includes: the date and the time that 

the snap shot was taken; the order's type (i.e., buy or sell), its price, quantity and expiry 

date; and the date· and the time that the order was last touched.24 A total of 3,954 

records for CSR and 9,717 records for BHP were obtained during the sample period. 

23 The first snap shol is taken immediately after the market for the stock had opened, while tl1e lasl snap 
shot was taken immediately before the market closed, to ensure no overlapping bids and asks appeared in 
the sample. 
24 "Last touched" here means tl1e last change to the order, including submission, amendment or partial 
execution. This lime and date is to determine the age of the order; that is, how long tl1e order has been 
standing on the order book in its current form (described by bolh price and quantity). 
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5. TESTING PROCEDURES AND RESULTS 

One-Dimensional Analysis 

To investigate the properties of limit orders on the order book and to test the 

three hypotheses, Hl-H3, regarding these properties, initially a one-diniensional 

analysis is conducted. To incorporate the dynamic nature of stock price over time, the 

price of a limit order is measured by its distance to the best price on the same side of 

the order book (i.e., the distance to the highest bid price for buy orders and to the 

lowest ask price for sell orders). This distance is then scaled by the corresponding tick 

size so that it is observed as an integer.25 Every live limit order is described by t!n·ee 

variables, viz., its price distance, size and age. Each of these three variables is divided 

into four categories (Table 5.1).26 These groups are used as coarse filters to examine 

the distribution properties of limit orders. The unconditional (or marginal) frequency 

distributions of limit orders, with respect to price distance, order size and age, on the 

basis of the four-group division, are computed separately, whereby three marginal 

distributions of price distance, order size and age are obtained. The marginal 

distribution of one variable is then compared with its distribution conditional on certain 

values of the other two variables. For example, the marginal distribution of price 

distance is compared against its conditional distribution when order size is more than 

10,000 shares and when order age is more than seven days. If price distance is not 

related to order size and age, then imposing the conditions should have no effects on 

the distributions. That is, the unconditional and conditional distributions should be the 

same. To test whether the unconditional and the conditional distributions are identical, 

a X 2 test procedure is applied, which works as follows. 

The problem of testing whether the conditional and the unconditional frequency 

distributions are the same can be treated as testing the null hypothesis 

25 According to the tick size rule on tl1e ASX (Business Rule 2.11), tl1e tick size for both BHP and CSR is 
one cent during the sample period, from 11 to 15 December 1996. 
26 These categories of price, size and age are arbitrarily selected and tl1eir justification will be 
investigated furtl1er. 
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TABLES.I 

FOUR GROUPS OF PRICE DISTANCE, ORDER SIZE AND ORDER AGE 

Group Distance Size Age 
(ticks) (shares) (days) 

I [ 0, 5] ( 0, 1000 l [ 0, I ) 

2 ( 5, 25] ( 1000, 5000] [ I, 3] 

3 ( 25, 45] ( 5000, 10000 l ( 3, 7] 

4 ( 45, 00 ) ( 10000, 00 ) ( 7, 00 ) 

HO: f; =f;o' i=l, ... ,4, 

where f; and f;o are the probabilities that an order falls in group r for the conditional 

and unconditional distributions, respectively. 

Let n be the total number of observations for the unconditional distribution; 

and n; the frequency of orders in group i (i = 1,. .. , 4 ), with I~r n; = n. Then the 

probability f;o can be estimated by the observed relative frequency of group i; That is, 

f; 0 = n; /n. Let m be the total number of observations for a conditional distribution; 

m; the observed frequency of group i , with 2:~1 m; = m; and e; the expected 

frequency of group i under probability f; , then e; = m x f1• The test statistic 

'}.,, = I (m1 -e; )
2 

i=l ei 

has an asymptotic X 2 distribution with 3 degrees of freedom. Since under the null 

hypothesis e1 can be substituted as e1 = m x f;o = m x n1 In, the test statistic can be 

rewritten as 

'}.,,=I (m;-mXn;/n)
2 

i=I mxn 1 /n 
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The unconditional frequency distribution of price distance, and its conditional 

distribution when orders are more than seven days old and when orders are more than 

10,000 shares in size, are represented in Table 5.2, using data of the two selected 

stocks, BHP and CSR, from 11 to 15 December 1995. Similarly, the unconditional 

frequency distribution of order size and its distribution conditional on price distance 

that is more than 45 ticks and order age that is more then seven days old, are given in 

Table 5.3. Table 5.4 shows the unconditional frequency distribution of order age and 

its distributions under conditions that price distance is more than 45 ticks and order size 

is more than 10,000 shares. Values are calculated at each snap shot and then averaged 

over the 35 snap shots for the sample period. To incorporate possible strategic 

differences between buyers and sellers, these frequencies are computed separately for 

buy and sell orders. Tables 5.2-5.4 also contain the 'A statistics for testing the 

conditional distributions against their unconditional counterparts. 

The top panel of Table 5.2 refers to BHP. In the ask sub-panel, the first row 

relates to the unconditional frequency distribution of price distance for BHP sell orders. 

It shows that about 8 percent of these sell orders were within 5 ticks of the best ask, 19 

percent between 5 and 25 ticks, 23 percent between 25 and 45 ticks, and 50 percent 

were more than 45 ticks away from it. The second row relates to the frequencies when 

an order is older than seven days. After this condition was imposed, the proportion of 

the fourth distance group (more than 45 ticks away from the best ask) has increased to 

nearly 70 percent. This proportion decreased to 40 percent, when the condition that 

order size is more than 10,000 shares was imposed (shown in row 3). However, values 

of the test statistic (column 7) indicate that the two conditional distributions are not 

significantly different from their unconditional counterpart. 

The bid sub-panel is organised similarly to the ask sub-panel. Row 4 reports the 

marginal distance distribution for BHP buy orders. It shows that around 6 percent of 

these sell orders were within 5 ticks of the best bid, 10 percent between 5 and 25 ticks, 

7 percent between 25 and 45 ticks, and 77 percent were more than 45 ticks away from 

it. The proportion of the fourth distance group increased to ahnost 100 percent when 

conditioned on orders aged more than seven days (row 5) and decreased to 52 percent 

when conditioned on orders sized more than 10,000 shares (row 6). The test results 
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TABLE5.2 

FREQUENCY DISTRIBUTIONS OF PRICE DISTANCE 

Relative frequency(%) 

Price distance (licks) 
Test 

statistic 
Condition ,,; 5 5-25 25-45 >45 Total '}.. 

(1) (2) (3) (4) (5) (6) (7) 

BHP 

Ask 

1. Unconditional 7.5 18.8 23.2 50.5 100.0 

2. When age> 7 days .8 11.3 18.4 69.6 JOO.a 5.99 

3. When size> 10000 shares 25.3 20.4 18.2 36.0 100.0 5.54 

Bid 

4. Unconditional 5.5 10.0 7.0 77.5 100.0 

5. When age> 7 days .0 .0 .3 99.6 100.0 18.71 * 
6. When size> 10000 shares 17.0 20.7 10.0 52.3 100.0 4.28 

CSR 

Ask 

7. Unconditional 34.7 53.3 12.0 .0 100.0 

8. When age> 7 days 16.8 41.6 41.6 .0 100.0 2.45 

9. When size> 10000 shares 54.9 30.8 14.3 .0 100.0 1.69 

Bid 

10. Unconditional 9.8 47.5 36.8 5.9 100.0 

11. When age> 7 days .2 61.3 35.9 2.5 100.0 5.70 

12. When size >10000 shares 28.5 42.7 24.0 4.7 100.0 5.47 

Note: An asterisk(*) indicates significant at tl1e 5 percent level. 

show that older age has significant impact on the distance distribution of BI-IP buy 

orders, while larger size seems to have no significant influence on this distribution. 

The corresponding distance distributions for CSR orders are presented in the 

lower panel of Table 5.2. A distinctive feature of this panel is that there were no CSR 

sell orders that were more than 45 ticks away from the best ask, and only a very small 

proportion of CSR buy orders, less than 6 percent, were at that distance range. 

According to the test statistics (column 7), conditions of older age and larger size have 

no effect on the distance distribution, for both CSR sell and buy orders. 
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TABLE5.3 

FREQUENCY DISTRIBUTIONS OF ORDER SIZE 

Rel alive frequency (%) 

Size (shares) Tesl 

1000- 5000-
statistic 

/... Condition s; 1000 5000 10000 >10000 Total 

(I) (2) (3) (4) (5) (6) (7) 

BHP 

Ask 

I. Unconditional 58.8 31.6 5.5 4.1 100.0 

2. When distance > 45 ticks 60.7 31.0 5.4 3.0 100.0 .53 

3. When age> 7 days 54.4 37.5 7.5 .6 100.0 2.51 

Bid 

4. Unconditional 72.0 13.6 4.8 9.6 100.0 

5. When distance> 45 licks 79.5 11.6 2.3 6.5 100.0 3.92 

6. When age> 7 days 82.9 10.3 2.8 4.0 100.0 3.57 

CSR 

Ask 

7. Unconditional 25.2 37.8 14.I 22.9 100.0 

8. When distance > 45 ticks 20.0 80.0 .0 .0 100.0 2.85 

9. When age> 7 days 5.9 80.2 .0 13.9 100.0 3.68 

Bid 

10. Unconditional 25.1 58.7 3.4 12.8 100.0 

11. When distance > 45 ticks 19.8 72.1 .0 8.1 100.0 10.03* 

12. When age> 7 days 23.8 63.0 2.2 II.I 100.0 18.80* 

Note: An asterisk(*) indicates significant at the 5 percent level. 

Table 5.3 represents the size distribution for BHP and CSR orders. As can be 

seen from the top panel of the table, approximately 60 percent of BHP sell orders were 

for 1,000 shares or less and only 4 percent of them were for more than 10,000 shares, 

according to the unconditional distribution shown in row 1. This distribution did not 

change much when conditions of longer distance and older age were imposed, and the 

test statistics are insignificant at the 5 percent level. Row 4 shows that unconditionally 

more than 70 percent of BHP buy orders were for 1,000 shares or less and about 10 

percent of them for more than 10,000 shares. The longer distance and older age 
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conditions also have no significant influence on this distribution (rows 5 and 6). The 

situation is quite different with CSR (the lower panel). About 25 percent of CSR buy 

and sell orders were sized less than 1,000 shares, while more than 20 percent of asks 

and 10 percent of bids sized were for more than 10,000 shares. The average size of 

CSR orders is obviously larger than that of BHP orders, which may be due to the fact 

the BHP shares were priced almost four times higher than CSR' s. The test statistics 

indicate that imposing conditions of longer distance and older age had no significant 

influence on the size distribution for CSR sell orders. However, these conditions were 

significant for CSR buy orders. 

The age distributions for BHP and CSR orders are given in Table 5.4. When no 

conditions are attached, the proportion of the fourth age group (aged more than 7 days) 

was around 20 percent of asks and 50 percent of bids for BHP, whereas the 

corresponding figure for CSR was 9 percent of asks and 45 percent of bids. A notable 

pattern is that the proportion of the fourth age group was much larger for buy orders 

than for sell orders, which held for both BHP and CSR. This result is consistent with 

several previous results in the literature. For example, Hedvall et al. (1997) suggest 

that traders are more impatient to sell than to buy; Lo et al. (1997) report that it takes 

longer to execute a buy limit order than a sell. The test statistics for the condition on 

further price distances (more than 45 ticks for BHP and 35 ticks for CSR) are 

significant in all cases, across order types (bids and asks) and stocks (BHP and CSR). 

This implies that price distance and age are indeed related. However, the condition of 

larger size seems to have had no significant effect on the age distribution for BHP and 

CSR orders. 

The above results can be summarised as follows. 

• A large proportion of BHP orders on the order book are more than 45 ticks 

away from the best quote on the same side of the order book, while only a very 

small proportion of CSR orders are at the same distance. Moreover, a relatively 

larger proportion of CSR orders stands close to the best quote (within 5 ticks) 

than BHP orders do. 
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TABLE 5.4 

FREQUENCY DISTRIBUTIONS OF ORDER AGE 

Relative frequency(%) 

Age (days) 
Test 

statistic 
Condition <I 1-3 3-7 >7 Total A. 

(I} (2) (3) (4) (5) (6) (7) 

BHP 

Ask 

I. Unconditional 21.9 21.4 35.0 21.7 100.0 

2. When distance> 45 ticks 8.8 21.9 39.4 29.9 100.0 8.55* 

3. When size> 10000 shares 51.6 26.7 18.7 3.1 100.0 4.45 

Bid 

4. Unconditional 19.2 17.9 10.2 52.7 100.0 

5. When distance> 45 ticks 6.9 13.9 11.6 67.7 100.0 12.41 * 

6. When size> 10000 shares 40.4 18.7 18.7 22. l 100.0 5.10 

CSR 

Ask 

7. Unconditional 38.7 34.9 17.7 8.7 100.0 

8. When distance> 45 ticks .0 2.5 17.5 80.0 100.0 10.03* 

9. When size >10000 shares 56.4 18.8 19.5 5.3 100.0 1.62 

Bid 

10. Unconditional 14.2 19.3 21.2 45.3 100.0 

11. When distance > 45 ticks 12.2 35.2 27.7 24.9 100.0 12.94* 

12. When size> 10000 shares 28.8 16.2 15.9 39.l 100.0 10.45 

Note: An asterisk(*) indicates significant at the 5 percent level. 

• A large proportion of BHP orders is in the first size group (less than or equal to 

1,000 shares), and only a very small proportion in the fourth group (more than 

10,000 shares). In contrast to BHP, CSR has a smaller proportion of orders that 

are in the first size group sized and a larger proportion in the fourth size group. 

• The distribution of order age is significantly related to price distance. The 

condition of longer distance has significant impact on the age distribution. The 

condition of older age also has some effect on the distribution of price distance. 

These results support hypothesis HI. 
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• The relationship between price distance and order size is not clear. The test 

statistics show that the condition of larger order size has no significant influence 

on the distribution of price distance. The condition of longer distance also has 

no significant influence on the distribution of order size, except for CSR buy 

orders. These results do not favour hypothesis H2. 

• The relationship between order size and age is also ambiguous. Larger order 

size does not affect the distribution of order age according to the test statistics. 

Older age itlso does not change the distribution of order size, except for CSR 

buy orders. In general, the evidence does not support hypothesis H3. 

Two-Dimensional Analysis 

The two-dimensionitl analysis is based on the pair-wise contingency tables of 

price distance, order size and age, whereby the joint distributions of each pair from the 

three variables are considered. To make the citlculation manageable, the three variables 

are divided again into four groups each, using the same boundaries as presented in 

Table 5.1. To test the independency of the three variables on the basis of contingency 

tables, the following x 2 test procedure is applied. 

Let fij be the probability that an order falls in the (i, j) th cell, where 

i = 1, ... , 4, j = 1, ... , 4 corresponding to the four groups for each of the two variables in 

the table. Let fi. be the probability that an order occurs in the i'h row, and f.j the 

probability that an order occurs in the j'h column. Then the problem of whether the two 

variables in the contingency table are independent can be treated as testing the 

hypothesis 

Ho f .. =f. xf ., ( i=l, ... ,4; J. = 1, ... ,4). IJ I. .J 

Let n be the total number of observations in the table, and nu be the 

frequency for the ( i, j )'h cell, the test statistic 
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4 4 (n .. -nxf .. ) 
K=II IJ IJ 

i=I j=l n X fij 

has an asymptotic x 2 distribution with the number of degrees of freedom, 

df = 3 x 3 = 9 .27 Replacing the unknown parameters fi. and f.j by their maximum 

likelihood estimates, 

so that under Ho 

A n. 
f. =-!. 

I. ' n 

A n • 
f. =___.:!._ 

.J n ' 

A A A 2 
f .. = f. x f. = n· x n . I n . 

lJ I. .J I, .J 

The test statistic can be then expressed as 

4 4 (n .. -n. xn ./n) K= LL IJ I. .J 

i=l J·=1 n. x n . I n 
I. .J 

4 4 
where ni.= I nu, and n.i= I nii. 

j=I j=l 

The pair-wise contingency tables and the corresponding K test statistics for 

BHP and CSR orders are given in Table 5.5-5.7. Table 5.5 contains the contingency 

table consisting of price distance and order size. The test statistics show that the null 

hypothesis that price distance and order size are independent is rejected only for BHP 

buy orders and is accepted in the other three cases: BHP sell orders and all CSR orders. 

The contingency table of price distance and order age is presented in Table 5.6. The 

test statistics in all cases are significant at the 5 percent level, indicating that price 

distance and order age are probably related. The contingency table of order size and 

age, shown in Table 5.7, reveals that the null hypothesis that order size and order age 

are independent can not be rejected, in all cases. These results may be influenced by 

the construction of these contingency tables and the asymptotic justifications of the test 

27 The zero column of the ask sub-panel for CSR in Tables 5.5 and 5.6 is excluded in the test. 

Accordingly, tl1e x' distribution is of 3 x 2 = 6 degrees of freedom. 
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TABLE5.5 

CONTINGENCY TABLE OF PRICE DISTANCE AND ORDER SIZE 

Size Price distance (ticks) Test 

(shares) statistic 
$5 5-25 25-45 >45 Total K 

BHP 

Ask 

$ 1000 5 17 21 48 91 

1000-5000 3 JO 12 24 49 

5000-10000 I 2 4 8 7.70 

> 10000 2 2 6 

Total lJ 30 35 78 154 

Bid 

$ 1000 2 6 5 76 89 

1000-5000 3 2 11 17 

5000-10000 I 2 I 2 6 17.50* 

> 10000 2 2 6 II 

Total 6 13 9 95 123 

CSR 

Ask 

$ 1000 2 5 0 8 

1000-5000 3 8 I 0 12 

5000-10000 2 3 0 0 5 3.61 

> 10000 4 2 I 0 7 

Total 11 18 3 0 32 

Bid 

$ 1000 I 9 10 0 20 

1000-5000 3 23 16 4 46 

5000-10000 I I I 0 3 11.92 

> 10000 3 4 2 0 9 

Total 8 37 29 4 78 

Note: An asterisk (*) indicates significant at the 5 percent level. 
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TABLE5.6 

CONTINGENCY TABLE OF PRICE DISTANCE AND ORDER AGE 

Price distance (licks) Test 
Age statistic 

(days) ,, 5 5-25 25-45 >45 Total K 

BHP 

Ask 

<l JO 11 6 7 34 

1-3 6 9 17 33 

3-7 0 8 15 31 54 45.60* 

>7 0 4 6 23 33 

Total 11 29 36 78 154 

Bid 

< 1 6 9 2 7 24 

1-3 0 3 5 13 21 

3-7 0 1 11 13 73.89* 

>7 0 0 0 64 64 

Total 6 13 8 95 122 

CSR 

Ask 

<l 9 4 0 0 13 

1-3 .2 9 1 0 12 

3-7 1 4 2 0 7 15.15* 

>7 0 0 2 

Total 12 18 4 0 34 

Bid 

< 1 6 2 3 12 

1-3 1 6 7 15 

3-7 0 8 7 2 17 34.56* 

>7 0 22 13 1 36 

Total 7 38 30 5 80 

Note: An asterisk(*) indicates significant at tl1e 5 percent level. 
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TABLE5.7 

CONTINGENCY TABLE OF ORDER SIZE AND ORDER AGE 

Size (shares) Test 
Age statistic 

(days) ,;; 1000 
1000- 5000-

> 10000 Total 
5000 10000 

K 

BHP 

Ask 

<l 18 ID 3 3 34 

1-3 22 9 1 2 34 

3-7 33 18 2 1 54 7.88 

>7 18 13 3 o 34 

Total 91 50 9 6 156 

Bid 

<l 12 5 3 5 25 

1-3 16 3 1 2 22 

3-7 7 3 o 2 12 13.97 

>7 53 7 2 3 65 

Total 88 18 6 12 124 

CSR 

Ask 

<l 3 3 2 4 12 

1-3 3 4 3 1 11 

3-7 2 2 o 1 5 7.56 

>7 o 2 o o 2 

Total 8 11 5 6 30 

Bid 

< 1 3 5 1 3 12 

1-3 5 8 o 2 15 

3-7 3 12 2 18 4.87 

>7 9 23 4 37 

Total 20 48 3 11 82 
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statistics. Nevertheless, they are generally consistent with results from the previous 

one-dimensional analysis. 

The above results can be summarised as follows. 

• There is a significant relationship between price distance and age. New orders 

(small aged orders) tend to be associated with prices that are close to the best 

quote (short price distance), and vice versa. Therefore, hypothesis Hl holds. 

• There is no significant relationship between price distance and order size. That 

is, at a certain price distance, any possible size could occur, while a certain size 

could be at any possible price distance. Accordingly, hypothesis H2 can not be 

accepted. 

• The relationship between order size and age is not convincing. The results 

indicate that even if the relationship is significant, it must be weak. 

Consequently, hypothesis H3 needs further investigation. 

Three-Dimensional Analysis 

The three-dimensional analysis examines the joint distribution of price distance, 

order size and age. These three variables are divided into four groups each as shown in 

Table 5.1--a total of 64 bins is obtained and each observed limit order fits one of these 

64 bins. The frequency for each bin is computed at each snap shot and the value is then 

averaged across the 35 snap shots during the five-day sample period. The results are 

shown in Tables 5.8-5.10. 

Table 5.8 is arranged as follows. Each row represents one distance group and 

each column represents one age group. A block of four rows and four columns gives 

the joint distribution of price distance and order age for a certain size group. Consider 

the first 4 x 4 block consisting of rows 1-4 and columns 2-5, which refers to BHP 

orders to sell not more than 1,000 shares. Row 1 indicates the age distribution of those 

orders that were also within 5 ticks from the market, i.e., 4 orders were placed on the 

present day, 1 order was placed either one or two days earlier, and no BHP sell orders 
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TABLE5.8 

PRICE DISTANCE AND ORDER AGE BASED ON ORDER SIZE 

Size (shares) 

Distance $ 1000, with Age (days) 1000-5000, with Age (days) 5000-10000, with Age (days) >10000, with Age (days) 

(licks) <1 1-3 3-7 >7 < 1 1-3 3-7 >7 < 1 1-3 3-7 >7 <l 1-3 3-7 >7 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . (14) (15) (16) (17) 

BHP 

Ask 

l. $ 5 4 1 0 0 3 0 0 0 1 0 0 0 2 0 0 0 
2. 5-25 6 3 5 2 4 2 3 1 1 0 0 0 1 0 0 0 
3. 25-45 4 6 9 4 2 3 5 2 0 0 0 0 0 1 0 0 
4. >45 4 12 19 12 2 3 10 9 0 1 1 2 a 1 1 0 

Bid 

5. $ 5 2 0 a a 1 0 a a 1 a 0 0 2 0 0 0 
6. 5-25 3 2 0 0 2 a a a I a a a 2 1 a a 
7. 25-45 1 3 a a a 1 a a a 1 a a 1 a a a 
8. >45 6 10 7 53 1 2 2 7 0 a a 2 a 1 2 3 

CSR 

Ask 

9. $ 5 2 I a a 2 1 1 a 1 a a a 4 a a 0 
IO. 5-25 2 2 1 0 1 4 2 1 1 2 a a a 1 1 a 
11. 25-45 a 1 1 a a a a 1 a a a 0 a a 1 0 
12. > 45 0 0 a a a 0 a a 0 a a a a a a a 

Bid 

13. $ 5 1 a 0 0 2 1 0 0 I a 0 a 3 a 0 0 
14.5-25 1 2 I 5 1 3 6 14 0 a a 1 a I I 2 
15. 25-45 1 3 2 4 1 4 4 8 a 0 0 a a 0 1 2 
16. > 45 a 0 a a 1 1 I 1 a a a a a a a a 
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TABLE5.9 

PRICE DISTANCE AND ORDER SIZE BASED ON ORDER AGE 

Age (days) 

Size <I, with Distance (ticks) 1-3, with Distance (ticks) 3-7, with Distance (ticks) >7, with Distance (ticks) 

(shares) ,, 5 5-25 25-45 >45 ,, 5 5-25 25-45 >45 ,, 5 5-25 25-45 >45 ,, 5 5-25 25-45 >45 

(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) . (11) (12) (13) (14) (15) (16) (17) 

BHP 

Ask 

I. ,, JOOO 4 6 4 4 I 3 6 12 0 5 9 19 0 2 4 12 
2. J000-5000 3 4 2 2 0 2 3 3 0 3 5 JO 0 I 3 9 
3. 5000-JOOOO I I 0 0 0 0 0 I 0 0 0 I 0 0 0 2 
4. > 10000 2 I 0 0 0 0 I I 0 0 0 I 0 0 0 0 

Bid 

5. ,, 1000 2 3 I 6 0 2 3 JO 0 0 0 7 0 0 0 53 
6. J000-5000 I 2 0 I 0 0 I 2 0 0 0 2 0 0 0 7 
7.5000-JOOOO I I 0 0 0 0 I 0 0 0 0 0 0 0 0 2 
8. > JOOOO 2 2 I 0 0 I 0 I 0 0 0 2 0 0 0 3 

CSR 

Ask 

9. ,, JODO 2 2 0 0 I 2 I 0 0 I I 0 0 0 0 0 
JO. J000-5000 2 I 0 0 I 4 0 0 I 2 0 0 0 I I 0 
I I. 5000- !ODDO I I 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
12. >!DODO 4 0 0 0 0 I 0 0 0 I I 0 0 0 0 0 

Bid 

13. :;; !ODO I I I 0 0 2 3 0 0 I 2 0 0 5 4 0 
14. 1000-5000 2 I I I I 3 4 I 0 6 4 I 0 14 8 I 
15. 5000-10000 I 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 
16. >!DODO 3 0 0 0 0 1 0 0 0 1 1 0 0 2 2 0 
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TABLES.IO 

ORDER SIZE AND ORDER AGE BASED ON PRICE DISTANCE 

Distance (ticks) 

Size '.O 5, with Age (days) 5-25, with Age (days) 25-45, with Age (days) > 45, with Age (days) 

(shares) < 1 1-3 3-7 >7 <l 1-3 3-7 >7 <l 1-3 3-7 >7 <l 1-3 3-7 >7 

(I) (2) (3) (4) (5) (6) (7) (8) (9) (IO) (11) (12) (13) (14) (15) (16) (17) 

BHP 

Ask 

I. '° 1000 4 1 0 0 6 3 5 2 4 6 9 4 4 12 19 12 
2. 1000-5000 3 0 0 0 4 2 3 1 2 3 5 3 2 3 10 9 
3.5000-10000 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 2 
4. > 10000 2 0 0 0 1 0 0 0 0 I 0 0 0 1 I 0 

Bid 

5. '° 1000 2 0 0 0 3 2 0 0 1 3 0 0 6 JO 7 53 
6. 1000-5000 1 0 0 0 2 0 0 0 0 I 0 0 1 2 2 7 
7. 5000-10000 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 2 
8. > 10000 2 0 0 0 2 1 0 0 I 0 0 0 0 1 2 3 

CSR 

Ask 

9. '° 1000 2 I 0 0 2 2 1 0 0 I 1 0 0 0 0 0 
10. 1000-5000 2 1 1 0 I 4 2 1 0 0 0 1 0 0 0 0 
11. 5000-10000 1 0 0 0 I 2 0 0 0 0 0 0 0 0 0 0 
12. > 10000 4 0 0 0 0 1 I 0 0 0 I 0 0 0 0 0 

Bid 

13. '° 1000 1 0 0 0 1 2 1 5 1 3 2 4 0 0 0 0 
14. 1000-5000 2 I 0 0 1 3 6 14 1 4 4 8 1 1 1 1 
15. 5000-10000 1 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 
16. > !0000 3 0 0 0 0 1 1 2 0 0 1 2 0 0 0 0 
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bad been live for more than three days. Column 1 shows the distance distribution of 

those orders that were placed on the present day, i.e., 4 orders were within 5 ticks of the 

market, 6 orders between 5 and 25 ticks, 4 orders between 25 and 45 ticks, and 4 orders 

were more than 45 ticks away. Similarly, row 4 gives the age distribution of orders that 

were more than 45 ticks from the market and column 4 represents the distance 

distribution of orders that were placed more than 7 days ago. This block clearly shows 

that most orders that were close to the market were newly placed (within 3 days, row 1) 

and the majority of orders that were far away from the market were placed earlier 

(more than 3 days, row 4). However, new orders were placed across the range of 

distances (column 1), whereas old orders were rarely close to the market (column 4). 

This pattern is robust across different size group, order type and stocks, which is 

consistent with the predictions of hypotheses HI that price distance and order age are 

positively related. 

Table 5 .9 is arranged with rows for order size and columns for price distance. 

Accordingly, a 4 x 4 block gives the joint distribution of order size and price distance 

for a particular age group. The first 4 x 4 block of rows 1-4 and columns 2-5 refers to 

BHP sell orders that were placed on the present day. It shows that most large orders 

were placed close to the market (within 25 ticks, rows 3 and 4) and orders far away 

from the market were generally small orders (columns 4 and 5). The fourth 4 x 4 

block in the top panel (rows 1-4 and columns 14-17) refers to BHP sell orders that were 

placed more than 7 days ago. None of these orders were within 5 ticks (column 14) or 

for more than 10,000 shares (row 4); and orders that were more than 45 ticks away 

from the market were mostly small orders (column 17). Similar patterns appear for 

BHP buy orders, but they are less obvious for CSR orders. The evidence that large 

orders tend to be close to the market and orders far away from the market tend to be 

small orders, conforms with hypothesis H2, that price distance and order size are 

negatively related. 

Table 5.10 is arranged with rows for order size and columns for order age. 

Each 4 x 4 block represents the joint distribution of order size and age for a given 

distance group. The first 4 x 4 block of rows 1-4 and columns 2-5 refers to BHP sell 

orders that were not more than 5 ticks from the market price. Most of these orders were 
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newly placed, with sizes varying across the size range (column 1). In addition, larger 

orders tended to be newly placed (row 4) and older orders tended to be smaller (column 

S). This holds for almost every block in the table, which supports hypothesis I-I3, that 

order size and age are negatively related. 

The Functional Form of the Price Schedule 

Hypothesis H4 concerns the shape of the price schedule for the limit order book. 

It is proposed that this schedule approximates an S-shaped curve, consisting of two 

segments that are spliced around the bid-ask spread. In addition, the depth function for 

each segment must satisfy a non-negative first derivative and a non-positive second 

derivative condition. That is, the unsigned depth (the cumulative quantity) for each 

segment cannot decrease when the price moves away from the market price; and the 

rate of the depth increase cannot increase as the price moves further away from the 

current market price. The first derivative can be zero only when no limit orders exist 

except at the best bid (ask) price. Otherwise it is strictly positive. The second 

derivative becomes zero when the first derivative is a constant, whereby the depth 

function is linear. These characteristics of the price schedule are determined by the 

distribution properties of limit orders on the order book, as we previously discussed and 

tested. Hypothesis HS states that the log-linear function is more attractive as it captures 

the general derivative conditions. Another attraction of using the log-linear function is 

that it avoids the estimation problem associated with the linear function, whereby the 

normality assumption of the disturbance term is violated when the dependent variable is 

always positive. 

Hypotheses H4 and HS are related. When HS is not true, that is, the linear 

function fits the data better than the log-linear, then H4 should also be false.28 

Therefore, these two hypotheses should be tested jointly. Table S.11 contains the test 

28 However, when H5 is true, H4 can be true only when the slope coefficient of the log-linear function 
satisfies certain conditions, as discussed in Section 3. 
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TABLE5.ll 

TEST RESULTS FOR THE TWO FUNCTIONAL FORMS 

(Standard errors in parentheses) 

Company Model 
Estimated coefficients Diagnostics Log-likelihood Model favoured 

Segment 
value by Vuong's 

Intercept a Slope~ DW LM RESET PE DL criterion 

(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

BHP 

Ask Linear 81920 3209 .27 5.81* 22.41* 2.57* 1.48 -504.55 

} Linear 
(14273) (202) 

Log-linear 9.677 .708 1.07 22.47* .83 -.19 4.41* -509.87 
(.159) (.042) 

Bid Linear 138544 1982 .13 .12 32.32* 7.46* 4.60* -488.46 

} Log-linear 
(12922) (142) 

Log-linear 10.813 .430 .65 1.06 .31 -2.57* .95 -461.04 
(.048) (.012) 

CSR 

Ask Linear 68081 2351 .74 .98 7.41* 11.04* 2.11* -132.36 

} Log-linear 
(8045) (383) 

Log-linear 10.627 .370 1.39 7.12* 9.75* -2.59* .43 -128.57 
(.085) (.032) 

Bid Linear 59001 15297 .80 11.90* 13.72* 1.36 2.48* -349.01 

} Log-linear (35696) (1145) 

Log-linear 9.979 .936 1.40 4.84* 1.69 -2.50* 1.10 -337.54 
(.121) (.039) 

Notes: I. DW = Durbin-Watson's test statistic for serial correlation; LM = the Lagrange multiplier test statistic for heleroskedaslicily; 
RESET = Ramsey's (1969) specification error lest; PE = the PE non-nested model selection test proposed by MacKinnon el al. (1983); 
DL = the double-lengtl1 model selection test proposed by Davidson and MacKinnon (1984); and for Vuong's criterion, see Vuong (1989). 

2. As tl1e dependent variable is different in the two equations, tl1e Jacobian transformation is applied lo compute comparable log-likelihood values. 

3. An asterisk(*) indicates significant at tl1e 5 percent level. 
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results, using BHP and CSR orders at noon on 11 December 1995. 29 The estimates of 

the linear and log-linear functions are given in columns 3-4. Most of these estimates 

are significant. The Durbin-Watson statistic (DW) is shown in column 5, which 

indicates that there is significant positive serial correlation in the disturbance term for 

both models. This problem may be due to the cumulative nature of the data.3° Column 

6 contains the Lagrange multiplier (LM) statistics for heteroskedasticity. The results 

are significant in the majority of the cases, indicating that heteroskedasticity is a 

problem for both models. Ramsey's RESET test shows that the linear model suffers 

from misspecification in all cases, whereas the log-linear model is misspecified only for 

CSR sell orders. 

Two non-nested model selection tests, viz., the PE statistic (PE) and the double­

length (DL) statistic are used for testing the linear against the log-linear, and vice versa. 

The results are presented in columns 8-9. According to the PE statistic, the linear model 

is rejected, at the 5 percent level, in most cases, except for CSR buy orders, when it is 

tested against the log-linear; the log-linear is also rejected, except for BHP sell orders, 

when it is tested against the linear. The DL results are consistent for the linear against 

the log-linear, and for the log-linear against the linear: the linear model is accepted 

only for BHP sell orders and is rejected in other cases, whereas the log-linear model is 

rejected only for BHP sell orders and is accepted in other cases. The log-likelihood 

values are given in column 10. It shows that the log-linear model achieves the 

maximum log-likelihood value, except for BHP sell orders. Column 11 gives Vuong's 

likelihood criterion for the comparison of the linear and the log-linear models, which 

shows again that the log-linear is favourable, except for BHP sell orders. 

Taken as a whole, the above results favour the log-linear model and support 

hypotheses H4 and HS. It must be acknowledged, however, that more work is still 

required to obtain a model which satisfactorily describes the data. Subsequent work 

will include, for example, the estimation of the depth function in terms of increments, 

29 These results are obtained by using Microfit 4.0 (Pesaran and Pesaran, 1996). 
30 Note tlrnt the use of tl1e DW in tllis context makes sense as observations have a "natural" ordering, viz., 
according to tl1e price offered relative to the best price on tlle same side of the order book. The 
"cumulative nature" of our data refers to the fact tllat we construct observations on tlle price schedule by 
cumulating the aggregate volumes up to a given price. 
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which is essentially a first-differenced version of the depth function. This amounts to 

estimating the aggregate price schedule directly, which may eliminate the serial 

correlation problem. 

6. CONCLUSIONS 

The major objective of this paper is to characterise the limit order book in a 

continuous, electronic, order-driven market. It starts by analysing the properties of 

individual limit orders on the order book. Three variables, viz., price distance, order 

size and age, are used to describe each order. Hypotheses regarding the relationships 

between these variables are introduced and tested: that there is a positive relationship 

between the age of a live limit order and its distance from the market price; that there is 

an inverse relationship between the size of a live limit order and its distance from the 

market price; and that there is an inverse relationship between the size of a live limit 

order and its age. These hypotheses embody the intuitive idea that rational investors 

make every effort to minimise their costs of trading on the basis of the available 

information. Therefore, we expect to observe new and large orders close to the market 

price, and old and small orders far away from it. The results from the pilot study 

indicate that the dependency between price distance and order age is significant; but the 

dependencies between price distance and order size, and between order size and order 

age appear to be wealc 

To examine the role of the limit order book in providing liquidity, a pnce 

schedule has been constructed, which represents the depth (in terms of the cumulative 

quantities) of the order book at a given price, on each side of the market. The schedule 

approximates an S-shaped curve, which is determined directly by the properties of 

individual limit orders on the order book. That is, the depth increases rapidly close to 

the market price and more slowly as the price moves away from the market. This 

property implies that the depth function for the order book should have a non-negative 

first-order derivative and a non-positive second-order derivative. The price schedule is 

discontinuous around the market price because of the bid-ask spread, which separates 

the price schedule into two segments--the ask and the bid segment. The two segments 
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capture the two queues of limit orders on the order book and allow for a possible 

imbalance between the volume of buy and sell limit orders. Two functional forms, viz., 

the linear and the double-log functions, are estimated and tested against each other. 

The results favour the log-linear function. 

To examine the robustness of these results, the next step is to involve more 

stocks and to expand the sample period. Furthermore, to explain and to farther 

understand the limit order book, other determinants (such as volatility) will be 

identified. The aim will be then to explain how the "shape" of the order book changes 

across stocks and over time. 
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