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ABSTRACT 

This dissertation examines various aspects of trading in equity and bond markets. 

Chapter 1: Introduction. 

Chapter 2 examines the price differences between very liquid on-the-run and less 

liquid off-the-run U. S. Treasury securities. It shows that -the more liquid security is 

priced higher, but that this difference depends mainly on expected future liquidity 

rather than current liquidity. Various measures for liquidity are used making it 

possible to examine which aspect of liquidity drive the premium. 

Chapter 3 examines pairs trading with extreme risk control using the entire universe of 

securities in the secondary market for US government debt. The rewards emanating 
from the proposed strategy, after constructing an appropriate risk benchmark and 
deducting financing and transaction costs, are appraised using various metrics. 

Chapter 4 examines the nature of trading between dealers in government bond markets 
by examining their inventory control. Using bond and futures inventory data for UK 

government bond dealers it also examines the impact of interdealer trading on public 

prices. 

Chapter 5 re-examines the extent, if any, of the negative impacts of price limits. It 

provides fresh evidence supporting, only partially, the criticisms against the efficacy 

of such price. The paper also presents a realistic estimate of the potential trading 

profits that may be made by using price limit hits as a forecasting or manipulation tool. 

Using high frequency trade data, Chapter 6 tests the hypothesis that price limits 

behave like "magnets" and so are self-fulfilling. It finds that price limits do not 
behave like "black holes" sucking in all stock prices. Some acceleration of trading 

activity as a stock approaches the neighbourhood of its lower price limit is detected. 

This effect is absent in the neighbourhood of the upper price limit. Trading at the limit 

price shows asymmetry in trader behaviour towards gains and losses. 
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CHAPTER 1 INTRODUCTION 

This thesis presents a study of various interesting features of trading activity, prices, 

risk, return, and behaviour of participants, in bond and equity markets. The five 

independent studies presented use comprehensive data on trading in government 

bonds of the United States and the United Kingdom, and trading in the largest stock 

exchange in India. Some of the questions that the studies attempt to answer are: 

9 How does liquidity over the lifetime of a security affect its price at a given time? 

* Are some measures of liquidity better than others? 

* To what extent can high frequency pairs trading in a liquid government bond 

market provide improved tradeoffs between risk and return? 

* How do dealers in a government bond market trade with each other to manage 

their risk exposure and what impact does this have on the prices that are offered to 

the public? 

9 Are price limits always bad? 

e Can strategic traders profit using price limits as signals? 

* Do price limits behave like magnets and thus become self-fulfilling? 

Organisation of the Thesis 

This thesis contains five further chapters. Each chapter is a study of one or more 
interesting features of the market under investigation. The presentation of chapters is 

self-contained in that the references, tables and figures for each chapter are included 
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within the chapter. For each chapter, references, tables and then figures follow the 

main text. 

Chapter 2 examines the price differences between very liquid on-the-run U. S. 

Treasury securities and less liquid off-the-run securities over the entire on/off cycle. 
Unlike previous studies, by comparing pairs of securities as their relative liquidity 

varies over time, we can disregard any cross-sectional differences between the 

securities. Also, since the liquidity of Treasury notes varies predictably over time we 

are able to distinguish between current liquidity and expected future liquidity. We 

show that the more liquid security is priced higher on average, but that this difference 

depends on the amount of future liquidity over its remaining lifetime rather than its 

current liquidity. We measure future liquidity using both quotes and trades. The 

liquidity measures include bid-ask spread, depth and trading activity. Examining a 

variety of liquidity measures enables us to evaluate their relative importance and to 

identify the liquidity proxies that most affect prices. Although all the measures are 
highly correlated with one another, we find that the quoted bid-ask spread and quoted 
depth are more important than the effective spread and trade size, respectively. 
However, among measures of market activity, the number of trades and volume are 

more related to the liquidity premium than the number of quotes. 

Chapter 3 examines the implementation of a simple pairs trading strategy with 

automatic extreme risk control using the entire universe of securities in the highly 

liquid secondary market for U. S. government debt. We document, from dpractical 

viewpoint, the contrasts in the generic features of pairs trading with such securities 

compared with equities. We appraise, using various traditional and relatively newer 

metrics, the rewards emanating from the proposed strategy, after constructing an 

appropriate risk benchmark. Using data from the repo and money market, we also 

estimate the distribution of absolute returns after accounting for financing and 

transaction costs. 

In Chapter 4 we examine the nature of trading between dealers in a competitive 
dealership bond market where the primary risk factors are driven by public 

macro-economic information, and for hedging there exist liquid futures contracts as 

well as numerous close spot market substitutes. We find that, cross-sectionally across 
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bonds, idiosyncratic risk is a deterrent to interdealer trading but systematic risk is 

correlated with it. The primary risk factor that can be hedged via the liquid futures 

contract is often hedged by trading with other dealers suggesting that interdealer 

trading supplements risk management via derivatives. The risk exposure of dealers 

over time is hedged partially via interdealer trading and portfolio considerations play a 

part in this. There also appears to be some degree of pooling of risk across dealers 

who are heterogeneous in their beliefs about future prices. We also find that effective 
bid-ask spreads in the public market are negatively correlated with the extent of 
interdealer trading, which does not produce a more volatile prices in the public market. 
Finally, we find that prices bid and offered to the public are in the region of four basis 

points worse than corresponding interdealer trade prices. 

Chapter 5 re-examines the extent, if any, of the negative impacts of price limits. We 

provide fresh evidence supporting, only partially, the criticisms against the efficacy of 

such price limits: that price limits cause a spillover of volatility, delay the process of 

price discovery, and interfere with trading activity. A negative impact of price limits 

when valid for one group of stocks or direction of price move, may not hold for 

another group of stocks or direction of price move. The chapter also presents a 

realistic estimate of the potential trading profits that may be made by using price limit 

hits as a signalling mechanism by "big hands" or as a forecasting tool by strategic 

traders. With the increase in the number of exchanges using electronic anonymous 
limit order trading mechanisms, and the greater ease with which regulators may 
interfere with the price and quantity dynamics, the new findings of this chapter will 

continue to be important for academics, practitioners and regulators alike. 

Using high frequency trade data, Chapter 6 tests, for the first time, the hypothesis that 

price limits behave like "magnets", and so, are self-fulfilling. We find that price limits 

do not behave like "black holes" sucking in all stock prices. Also, there is an 

acceleration of trading activity as stocks approach the neighbourhood of their lower, 

but not their upper, price limit. Examining the extent of trading at the limit price 

appears to reveal more rational behaviour at the upper limit than at the lower limit. 

14 



CHAPTER 2 THE PRICE OF FUTURE LIQUIDITY: 

TiME-VARYING LIQUIDITY IN THE U. S. TREASURY MARKET 

1. Introduction and Motivation 

Liquidity, the ability to quickly and cheaply trade an asset at a fair price, is thought to 

be an important element that affects the value of securities. Ever since Amihud and 

Mendelsorfs (1986) seminal work, there have been a number of studies showing that 

an asset's liquidity is valued in the market place. These studies often compare similar 

securities that differ in liquidity and show that the more liquid security has a higher 

price or lower return. 

However, it is often difficult to isolate the price premium for liquidity from other 

effects when comparing securities. Securities that differ in liquidity usually have 

other differences that confound efforts to isolate the price effect of liquidity. For 

example, the less liquid security might have additional market risk or credit risk. Less 

liquid securities might also be subject to more asymmetric information or they might 
be subject to differing tax treatments. ' Therefore, cross-sectional studies are not able 

to easily distinguish liquidity effects from other security specific differences. 

Additionally, while theory would suggest that expected future liquidity should affect 

prices, the empirical literature has almost exclusively focused on current liquidity. 2 

The empirical literature has implicitly assumed that a security's current liquidity will 

persist over time. Though this may be a valid assumption in many cases, little is 

known empirically about how expectedfuture liquidity affects prices. 

For example, Amihud and Mendelson (199 1) argue that the price difference between Treasury bills 
and close-to-maturity Treasury notes can be attributed to differences in liquidity. However, Kamara 
(1994) and Strebulaev (2001) show that there are other differences, including taxes, that affect the 

2 
price difference. 
One exception is Amihud's (2001) analysis of stock returns. 
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Moreover, the notion of liquidity itself is hard to pin down. Some use the term to 

describe the narrowness of the bid-ask spread, but it could also refer to market depth, 

volume, or other measures of market activity. If traders require the ability to transact 

small quantities immediately, then the quoted bid-ask spread can be used to measure 

the price of immediate execution. However, if traders are interested in transacting 

large quantities quickly, then measures of depth are more important. Market 

participants may be concerned about the amount of time it takes to arrange a trade. In 

this case, the number of daily trades, daily volume or similar measures of market 

activity may be more relevant. While all of these notions of liquidity are valid, 

ultimately, our interest is in which among them most affect securities' prices. 

In this paper we show empirically that the importance of liquidity in asset prices is not 
due to today's liquidity, but rather the future liquidity over the asset's remaining life. 

We do so by comparing the yields of on-the-run and off-the-run U. S. Treasury 

securities over the on/off cycle. We relate this difference (in a time-series regression) 
to future trading costs, using a number of direct measures of illiquidity. This allows us 
to examine the extent to which each aspect of illiquidity affects prices. And by 

following the same securities over time, we may disregard any potentially 

confounding cross-sectional differences between the securities. 

U. S. Treasuries are ideal for this type of study, since they go through predictable 

patterns of liquidity and illiquidity. Because of these patterns, expected future 

liquidity is generally different than current liquidity, and changes predictably over 

time. Our study examines two-year Treasury notes. Two-year notes are auctioned 

monthly, so that at any time there are 24 issues outstanding. The most recently issued 

note is referred to as being "on-the-run" and attracts most of the liquidity. Older notes 

are "off-the-run" and are much less liquid. In this study, we compare the prices of the 

on-the-run note with the most recent off-the-run note. 

At the beginning of an issue cycle, the buyer of a (very liquid) on-the-run note can 

easily sell it during this early period to another investor who will pay a premium for 

the remaining liquidity. In contrast, towards the end of the cycle, although the market 

may still be very liquid, a buyer might expect to eventually sell the security when it is 

off-the-run and when there is no longer a liquidity premium. So a buyer late in the 
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cycle should pay less of a premium since he will only benefit from a shorter time of 

liquidity. Thus, even if liquidity remains at a consistently high level throughout the 

on-the-run period, any liquidity premium in the price should decline over the period. 

At each date, we measure the remaining liquidity over the life of the note using various 

liquidity proxies. Under all the measures, liquidity remains high throughout the 

month-long on-the-run period. Shortly before the next note is issued, liquidity 

declines over a number of days until it reaches a new level. The note remains 

relatively illiquid for the rest of its life. We show that the liquidity premium, the price 

difference between the on-the-run and the off-the-run notes, declines over the 

on-the-run cycle and is close to zero at the end of the month. 

The measure of concern, however, is the average liquidity remaining over the asset's 

life. At the beginning of the issue cycle, there is a relatively large amount of future 

liquidity. By the end of the cycle, there is little future liquidity remaining. We find 

that the liquidity premium in the price is closely related to the amount of remaining 

liquidity. 

This shows that expected future liquidity, rather than just the current level of liquidity, 

is priced in the Treasury market. When the difference in remaining liquidity over the 

lives of two securities is expected to be large, there is a relatively wide difference in 

the price of the two securities. But as the difference in future liquidity narrows over 

time, so does the price difference. 

By comparing a pair of Treasury notes and following them through the cycle, we 
bypass any problems that might arise if the securities are not otherwise identical. For 

example, if the securities we are comparing are taxed differently (which could occur 
due to different coupons), then there could be a resulting price difference. But as long 

as these differences do not vary systematically over the issue cycle, the analysis of the 

change in the liquidity premium over the cycle is not affected. In fact, we find 

significant differences in the yields of Treasury notes that do not vary over the cycle, 
indicating that there are other differences between the securities in addition to 

liquidity. 
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As mentioned above, we use various direct measures of liquidity in this study. These 

measures use quotes and trades to capture bid-ask spreads, depth, and the overall level 

of market activity. The measures are all correlated with each other and any one of 

them explains the changes in price as expected liquidity changes. Our method allows 

us to quantify the effect of illiquidity on a security's value. For example, when we 

measure illiquidity as the average (quoted) bid-ask spread over the remaining life of a 

security, we find empirically that an increase in the average spread has more than a 

twenty-fold effect on the yield of the note, corresponding to a marginal investor who 

trades the note twenty times per year. The higher yield compensates the marginal 
investor for all future trading costs over the life of the security. 

We compare the effect of the various liquidity proxies on yields by testing which of 

them have additional explanatory power beyond the other measures. We find that the 

quoted spread and quote size are more important than the effective spread and trade 

size, respectively. This means that the value that investors place on immediacy - the 

ability to trade a quantity of securities quickly - is better measured by the quotes of 

market makers who supply liquidity, rather than the actual trade prices and trade sizes. 
However, as measures of market activity, the number of trades and volume are more 

related to the liquidity premium than the number of quotes. 

1.1 Previous Literature 

There is a long stream of papers on the impact of liquidity on asset prices, including 

Amihud and Mendelson (1986), Eleswarapu and Reinganurn (1993), Brennan and 
Subrahmanyarn (1996), Barclay, Kandel and Marx (1997), Eleswarapu (1997), Datar, 

Naik and Radcliffe (1998), Amihud (2001), Chordia, Roll and Subrahmanyam (2001), 

and Pastor and Stambaugh (2003). These papers compare market liquidity to ex-post 

returns on equities. A number of studies also analyze the impact of liquidity on 

expected returns. Most of these studies examine the market for bonds and notes, 

notably Amihud and Mendelson (1991), Warga (1992), Daves and Ehrhardt (1993), 

Boudoukh and Whitelaw (1993), Kamara (1994), Strebulaev (2001), Krishnamurthy 

(2002) and Longstaff (2003). Silber (1991) looks at restricted (non-traded) equities. 
Brenner, Eldor and Hauser (2001) examine currency options that are not traded until 

maturity, and Dimson and Hanke (2002) examine equity-linked bonds. 
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Apart from relatively few exceptions (Eleswarapu and Reinganum (1993) and 

Barclay, Kandel and Marx (1997)) the general consensus of these studies is that less 

liquid securities have higher returns. 

There is a second stream of literature that examines and compares different liquidity 

proxies. Elton and Green (1998) find that trading volume, as a proxy for liquidity, has 

an effect on Treasury bond prices. Fleming (1997), Fleming and Remolona (1999), 

and Balduzzi, Elton and Green (2001) document intraday patterns of bid-ask spreads 

and trading volume but do not link those patterns to prices. Fleming (2001) examines 

a set of liquidity measures for the U. S. Treasury market and finds that price pressure is 

closely related to securities' price changes over very short (five-minute) intervals. 

Huang, Cai and Wang (2002) relate liquidity in the Treasury market to return volatility 

and find that the number of trades is more correlated with volatility than is trading 

volume. Jones, Kaul and Lipson (1994) have similar results for equity markets. 

Chalmers and Kadlec (1998) argue that the bid-ask spread times turnover is the 

relevant measure as it also reflects the expected holding period. 

In general, these studies show that different aspects of liquidity can be captured by 

different liquidity proxies. Most of the liquidity proxies are highly correlated with 

each other but some seem to capture the notion of liquidity better than others. 

The existing literature on liquidity suffers from two main limitations. First, it almost 

exclusively studies current liquidity rather than including expected future liquidity 

which should have the primary impact on prices. Contemporaneous liquidity 

measures should only have a material price effect to the extent that they are proxies for 

expected future liquidity. In the case of Treasuries, on-the-run liquidity differs 

considerably from off-the-run liquidity, so contemporaneous measures are not good 

proxies for expected liquidity. Second, when these studies compare two securities, it 

is difficult to isolate return variation due to liquidity changes from return variation 

caused by other cross-sectional differences. We attempt to address these problems 

and bridge the gap between the two streams of literature by relating a clean measure of 

the liquidity premium to various liquidity proxies. 
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Our paper is related to Krishnamurthy (2002) who also examines price differences 

between on-the-run and off-the-run Treasuries. Krishnamurthy links the price 
differences to aggregate factors related to the market's preference for liquidity. In 

contrast, we examine how the price differences are related to measures of future 

liquidity. By focussing on direct measures of liquidity, we are also able to investigate 

which aspects of liquidity drive price differences. 

Our study is also related to Buraschi and Menini (2002) who show that specialness of 

term repos is related to current and actual future repo specialness. This is consistent 

with our result on future liquidity if specialness in the repo market is interpreted as 

reflecting a liquidity premium in the Treasury market as modeled by Duffle (1996) 

and as studied empirically by Jordan and Jordan (1997). 

The rest of this paper is organized as follows: Section 2 briefly outlines the theory of 
the effect of liquidity on asset prices. Section 3 describes the market and the data. 

Section 4 gives an overview of how liquidity in the Treasury market varies over the 

on/off cycle. Section 5 describes the details of the methodology. Section 6 contains 
the empirical results and Section 7 concludes. 

Z Theory of Liquidity and Bond Prices 

In this section we discuss the relation between liquidity and bond prices based on 
Amihud and Mendelson (1986). The purpose of presenting the theory is to clarify the 

relation that is to be tested empirically. 

Illiquidity can be generally thought of as being measured by c, the cost to trade the 

security as a proportion of its value. This can represent the bid-ask spread, the 

opportunity cost of waiting to trade, or any similar cost. Let us assume that this cost is 

borne by the seller of the security. Furthermore, suppose that an investor trades when 
hit by an exogenous liquidity shock, and let Ai be the per-period probability of investor 

i being hit with such a liquidity shock. 
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We will first compare a fully liquid zero-coupon bond (i. e., one that has no trading 

costs) with a similar bond that has positive trading costs, c. We assume the existence 

of a risk-neutral marginal investor, m, who is indifferent between owning the two 

securities. This investor has a probability of A,, of being hit with a liquidity shock 

each period. 

The main results shown below are: (1) The value of an illiquid bond is reduced by the 

expected trading costs over the entire life of the asset. (2) The expected per-period 

proportional trading costs, A,, c, can be viewed as a discount rate. Therefore, the yield 

of an illiquid bond is equal to the yield of a liquid bond plus A"c. (3) If two bonds have 

different trading costs (which may vary over time), the difference in their yields is 

equal to the difference in expected average trading costs to the marginal investor over 
the remaining life of the securities. 

Letft be the one period forward rate of interest from time t-I to t for the perfectly liquid 

bond. Both the liquid and illiquid bond mature at time T at which time they each pay 
$I. 

At time T-1, the value of the liquid bond is (by definition): 

P T-I 
+ fT 

and at any time t, 
T 

Pt LFI 
= 

j=1+1 j 

At time T-I the owner of the illiquid bond is no longer subject to liquidity shocks 
before maturity and values his bond as 

PL TI 1+ fr 

However, at time T-2, the owner of the illiquid bond will be concerned about the 

probability A,, that he will be hit with a liquidity shock at time T-I and will have to pay 

T cPI . Therefore, the value of the illiquid security at T -2 is 
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PTý 2=I 
[(l-, 

IM)PT! ý, +, Tm(I-C)pTýLJ 
1+ fT-l 

1+fT-I) 

(1 
- Am OPTý2 

This is the expected value of the illiquid bond at T-I (less the expected trading costs) 

discounted back to T-2. More simply, the value of the illiquid bond is equal to the 

value of the liquid bond reduced by the expected trading costs. Similarly, at time T-3, 

the value of the illiquid bond is 

(1 
C)pl- 2 _, 

IMC)2 PTI- 
3 

41-, 
+ fT-2 

More generally, at any time t, the value of the illiquid bond is 

(I_,, C)T-1-1 pL t P, m I 

or equivalently, 
T 

rl 
I+ fi 

j=t+l 
7 

In continuous time, the equation simplifies, and the value of the illiquid bond can be 

expressed as 
T 

-f(f, +Ac)dr 
= -Ac(T-t)pL P, eet 

wheref, is now the instantaneous forward rate. Equation (1) can be rewritten using 

yields as follows 
(A 

C+YL (T-t) 
= e- mt 

XT-t) 
pt e-yt (2) 

where yL and y, ' are the yields to maturity for the liquid and illiquid bonds, 

respectively. Thus, the relationship between the yields of the two bonds is simply 

Yll = tm c+ YtL (3) 

In words, the yield on an illiquid bond exceeds the yield on a liquid bond simply by the 

proportional trading cost times the per-period probability of a liquidity shock to the 

marginal investor. 

The fact that A,, c, the expected per-period trading costs, is added to the bond's yield 
illustrates the similarity between expected trading costs and interest rates. Just like an 
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interest rate of r reduces a cash flow's value at a rate r per period, an expected trading 

cost of A,,, c reduces a bond's value at a rate A,, c per period. 

This analysis can be generalised to a case in which both assets are somewhat illiquid 

(and now denoted as assets A and B) with trading costs cý and clo, respectively. We 

assume that there exists a marginal investor who is indifferent between the two assets. 

In this case the relation between the yields of the two assets is 
B=AB_ A)+ A 

Y1 m 
(C 

C Yi (4) 

Thus the yield spread between the two bonds is proportional to the difference in 

trading costs. 

We can further generalise to allow for the possibility of trading costs varying over 

time. This is particularly relevant for our study of U. S. Treasury notes, since the 

liquidity of notes does vary systematically over time. To do this we make a simple 

adjustment to equation (1), which leads to equation (4) being rewritten as 

YtB=AM(CB_CA)+ 
A 

yt (5) 

where c' is the average trading cost over the remaining life of security i. In this case, 

the difference between yields is proportional to the average difference between the 

trading costs of the two securities. If future trading costs are uncertain, or if the 

probability of a liquidity shock to the marginal investor is uncertain, then an 

expectation operator and covariance terms must be added. 

3. The Market for U. S. Treasury Securities: Description 

and Data 

The United States Treasury sells securities by auction on a regular schedule to finance 

the national debt. The empirical analysis in this study focuses on two-year notes 

which tend to have the largest issue size of all Treasury securities. The notes are 

auctioned monthly, so at any time there are 24 issues outstanding. As explained 

above, the most recently issued security of a given maturity is referred to as 
"on-the-run" and older securities are referred to as "off-the-run". The on-the-run 
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security is considered to be the benchmark security, and attracts most of the trade and 
liquidity. 

The secondary market is predominantly an over-the-counter market with many 
brokers and dealers. During most of the period for which we have data, there were six 

major interdealer brokers who allow dealers to trade anonymously with each other. 

Quotes are submitted to interdealer brokers who display them for all dealers to see. To 

effect a transaction, a dealer hits a bid or takes an ask that is displayed. Thus all trade 

occurs at quotes. However, price improvement occurs when dealers improve on each 

other's quotes while waiting for a counterparty. 

In spite of the large number of dealers in the over-the-counter market, the vast 

majority of the quoting and trading activity is by less than 30 primary dealers. Primary 

dealers are those approved to transact directly with the Federal Reserve in its market 

operations and are expected to participate in Treasury auctions. 

3 The data set on the U. S. Treasury market that is used in this study is from GovPX. 

GovPX was set up in 1990 by all, except one, interdealer brokers in order to provide 

greater transparency in the U. S. Treasury market. The GovPX data set includes all 

trades that are transacted through participating interdealer brokers. It consists of the 

best bid and ask prices, trade prices, and the size of each trade and quote. There is no 

other data set for U. S. Treasury securities that covers a similarly extensive period of 
intraday quotes and trading activity. 4 This study uses data from January 1994 to 

December 2000. During this time period, the monthly issue size for the two-year note 

averaged $16 billion. 

3 Because the GovPX data set is unique in its coverage of the Treasury securities secondary market, it 
is important to point out a limitation. The data does not include trades and quotes routed through 
Cantor Fitzgerald, which has a market share of about 30%. Cantor Fitzgerald is particularly strong at 
the "long end" of the Treasury maturity spectrum. Our choice of the two-year note as the focus of 
this study was influenced by reduced data quality in the GovPX data set for longer maturity 
securities. 
Prior to the availability of GovPX, studies either used quotes collected by the Federal Reserve Bank 
of New York from a daily survey of dealers, or small proprietary data sets. 
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4. Overview of Treasury Market Liquidity 

Examination of the various measures of liquidity and trading activity over the issue 

cycle of the two-year note reveals some interesting patterns. Figure 1, Panels A 

through D, shows how liquidity varies over the first 100 trading days of the securities' 
lives. We measure time relative to the issue date of each security and average over the 

cross-section of securities. The first 22 trading days correspond, approximately, to the 

on-the-run period. 

Panel A shows the average daily quoted and effective spreads (in yield space) 

averaged across the two-year notes in our sample for the first 100 days after issue. The 

quoted spread is the difference between the best bid and the best ask at any time and 

averaged over all quotes in a day. The effective spread is defined as twice the 

difference between each trade price and the most recent midquote. Since, all trades 

occur at the quotes, the effective spread is equal to the quoted spread immediately 

before each trade. The average effective spread is lower than the average quoted 

spread because trades tend to occur after a narrowing of the spread. During the first 15 

trading days the effective spread is approximately 0.4 basis points, while the quoted 

spread is about 0.6 basis points. Over the following week, in the run up to the issue of 
the next two-year note, spreads widen. The timing of this drop in liquidity 

corresponds to the beginning of trade in the pre-auction (when-issued) market for the 

next two-year note. 

Bid-ask spreads continue to widen as the remaining life of the security shortens. 
When the security is off-the-run, the effective spread is mostly above one basis point 

and the quoted spread averages more than two basis points. Off-the-run spreads are 

considerably more volatile than on-the-run spreads. 

Panel B shows the average quote and trade sizes. During the on-the-run period, quotes 

average about $20 million and the average transaction size is between $ 10 million and 
$15 million. In comparison, during the off-the-run period trade size averages about $7 

million while the average quote size falls much further to between $2 million and $3 

million. Panel C shows the average numbers of quotes and trades per day. There are 
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about 3000 quotes and 400 trades daily per security during the on-the-run period. 

During the off-the-run period, there are a few hundred quotes and as little as 15 trades 

daily. Panel D shows daily volume which ranges from over $6 billion per day during 

the on-the-run period to approximately $100 million per day during the off-the-run 

period. 

5. Methodology 

Our empirical analysis studies the yield difference between on-the-run and off-the-run 

securities and relates it to the difference in future liquidity using a variety of liquidity 

measures. By focussing on the time series of yield differences, we can safely ignore 

any fixed effects that cause the yields of the notes to differ. 

Over the period of our study, there were 56 two-year Treasury notes that were issued 

and also matured during the time period. We group these 56 securities into 55 pairs of 

successive notes that were issued one month apart. We label the newer of the pair as 

on the run and the older as off the run. Starting from the issue date of the on-the-run 

security, we measure the difference in yields between the two securities each day until 

the on-the-run note goes off the run. 

We compare the midquote yields of the two securities using tick-by-tick data. For 

each quote in the off-the-run note, we subtract the contemporaneous midquote yield of 

the on-the-run note. This difference between the yields is averaged across the day to 

obtain the daily yield difference. 

Following Amihud and Mendelson (1991), to mitigate any potential problem of 

asynchronous quotes, we define the contemporaneous on-the-run yield to be the 

weighted average of the on-the-run midquotes taken just before and just after each 

off-the-run quote (with weights based on the time between each of the on-the-run 

quotes and the off-the-run quote). 
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There are two adjustments that we make to obtain a cleaner comparison. First, 

successive issues normally have different coupons. Since bonds with different 

coupons naturally trade at different yields, we make an adjustment to the yield of the 

off-the-run note so that it will be comparable to a note of the same maturity but with a 
5 coupon equal to the on-the-run coupon. This coupon adjustment is simply the 

difference in yields between two hypothetical notes (of the same liquidity) both with 

the same maturity as the off-the-run security but with different coupons -- one with the 

actual coupon of the off-the-run note and one with a coupon equal to that of the 

on-the-run note. We use zero-coupon bond price data to construct and calculate the 

6 yields of these hypothetical securities to obtain the coupon adjustment. For example, 

suppose a 24-month on-the-run note has a 6% coupon and a 23 -month off-the-run note 

has a 5.5% coupon. We use the zero-coupon bond price data to value both a 

hypothetical 23-month 5.5% note and a hypothetical 23-month 6% note. For each of 

these hypothetical prices we calculate yields. The difference between these two 

calculated yields is the coupon adjustment and is added to the actual quoted yield of 

the off-the-run note. Any small errors in the zero-coupon data appear in the yields of 

both hypothetical bonds and only have a negligible effect on the adjustment. 

A potentially more serious problem is that the two notes that we compare, although 

very close in maturity, are not exactly at the same point on the yield curve. Hence, if 

the yield curve is not flat we would expect them to have different yields even in the 

absence of any liquidity effect. We solve this problem in a manner similar to the 

adjustment for the difference in coupons. An adjustment is added to the yield of the 

off-the-run security for being of a slightly shorter maturity. The adjustment is equal to 

the difference between two yields: the yield of a hypothetical security (constructed 

from zero-coupon bond data) with a maturity equal to the maturity of the on-thc-run, 

and the yield of a second hypothetical security with a maturity equal to the maturity of 

the off-the-run. Again, since the adjustment is a difference between two yields 

5 There is no qualitative difference in our results if this adjustment is not made. 
6 The hypothetical yields are obtained from a spline of zero-coupon bond prices. The spline excludes 

any strip that has a maturity close to that of the on-the-run security to bypass any liquidity premium 
in the zero-coupon data. 
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calculated using the same zero-coupon bond data, any small data errors have a 

negligible effect. 7 

The yie i erence at each time t for each pair of notes, YD,, is the yield of the 

off-the-run security minus the yield of the on-the-run security (adjusted as above) 

measured in basis points. 

The yield difference for each day of the on-the-run period, averaged over the 

cross-section of the 55 pairs of securities, is shown in Figure 2. At the beginning of 
the cycle, it is approximately 1.5 basis points and declines toward zero over the month. 
This is an economically significant effect considering the leverage often found in bond 

portfolios. Krishnamurthy (2002) finds a similar pattern, albeit of larger magnitude, 
for thirty-year bonds. Our task in this paper is to relate this pattern to measures of 
future liquidity of on-the-run and off-the-run notes. 

According to the theory in Section 2, this yield difference should capture the 

difference between the expected lifetime liquidity of the two securities. After the 

yield difference is calculated for each day of an issue cycle, we relate it to various 

measures of future liquidity, or more precisely, future trading costs. This allows us to 

show that the difference in yields can indeed be attributed to future liquidity 

differences and to determine which aspects of liquidity have an impact on prices. 

Theory predicts that the yield of a bond is equal to the yield of a perfectly liquid bond 

plus a term to capture expected future trading costs. Therefore, we propose the 
following econometric model to capture how the yield difference between an 

off-the-run and an on-the-run security is related to future trading costs: 

YD, = a, + flE, rCoff, 
t -"Zýom, l)+ -t (6) 

where a, is a fixed-effects term that captures any constant difference between a pair 

of securities, and 8 corresponds to A,, in the theory section - the probability that the 

marginal investor will experience a liquidity shock. E, (C-, ) is the expected average 

7 As with the coupon adjustment, this yield-curve adjustment does not qualitatively affect the results. 
This is not surprising, as these are cross-sectional adjustments that should not vary systematically 
over the cycle. 
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cost associated with trading a security over its remaining life, i. e. from time t until 

maturity. This econometric model directly corresponds to equation (5) in the theory 

section. In the empirical implementation, we use the average of realized future trading 

costs as a proxy for expected trading costs. 

One should keep in mind that the costs of trading should be loosely interpreted to 

include any direct or indirect trading costs such as the bid-ask spread, an inability to 

trade immediately or any other drawback of illiquidity. One of our objectives is to 

find measures of Zý which are most closely related to the yield difference, YDI. 

For each day we calculate the following measures of (il)liquidity: 

1. the average quoted bid-ask spread (as a percentage of security value measured 
in basis points), 

2. the average effective bid-ask spread (i. e., the bid-ask spread immediately 

before each trade), 
3. the average quote size (in millions of dollars, where the quote size is measured 

as the average of the bid and ask quantities), 
4. the average trade size (in millions of dollars), 

5. the number of quotes per day, 

6. the number of trades per day, and 

7. the daily volume (in millions of dollars). 

For measures (1) and (2), the trading cost, Ci, t, is calculated each day as the average 

of all bid-ask spreads throughout the day. For measures (3) to (7), which capture depth 

and market activity, we take the natural logarithm of the reciprocal of each measure on 

each day. Reciprocals are used so as to interpret them as costs, and logarithms are 

used because we expect trading costs to be nonlinear in these measures. 
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IT 
At each date t, we calculate Ct, as - 1: 

, 
C, , the average daily trading cost over T-t I'= 

the remaining life of the security. 8 Note that since we use realized trading costs as a 

proxy for expected costs, we have suppressed the expectations operator. 

6. Empirical Results 

6.1 Basic Regressions 

In order to empirically test the relationship between the yield difference (between 

off-the-run and on-the-run notes) and the difference in expected future liquidity (i. e., 

equation (6)), we pool the data in a panel that includes the cross-section of 55 pairs of 

notes and a month-long time series for each pair of notes. 9 We use a fixed-effects 

panel-data model to regress the yield difference on the difference in average future 

trading costs, Coff, t - Co,,, t, and a set of fixed-effects dummy variables (one for each 

on/off pair). We run individual regressions for each of the seven cost measures, as 
listed at the end of the previous section, using the following regression model: 

55 

YDt = Za, +, 6rCoff,, -"Zýon, t)+ et 
i-I 

(7) 

The 55 dummies in each regression are intended to isolate the impact of future trading 

costs from unrelated cross-sectional differences between the securities. 

The fact that we are using an average of trading costs on the right-hand side of the 

equation introduces significant positive autocorrelation in the regression residuals. 
We adjust for autocorrelation in the residuals using a feasible generalized least squares 
(FGLS) model for panel data. The regression results for the first and second month 

after the issue date of the on-the-run security are shown in Table 1. 

Because the data for the last few months before maturity is very noisy, we assume that the costs 
during the last six months before maturity are the same as the average over the previous year. 

9 We cannot use a time series of longer than one month because the on-the-run security in one pair of 
securities becomes the off-the-run security for the next pair in the following month. 
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As shown in Panel A of Table 1, for the first month, the coefficients for each of the 

seven future cost measures are positive and highly significant. 10 This shows that the 

yield difference between off-the-run and on-the-run notes is related to future liquidity 

regardless of which measure of trading cost we use. The fact that all of the cost 

measures give similarly significant results should not be surprising since they are 
highly correlated with each other. 

If the bid-ask spread is interpreted as the cost of trading, then its coefficient is an 

estimate of the marginal investor's per-year frequency of trading. " For example, if the 

cost of trading is the quoted spread, then an increase in the average bid-ask spread of 
0.01 basis points over its remaining life will result in a 0.22 basis point rise in yield. 
This reflects a marginal investor trading about 22 times per year. In particular, 
because the individual time series are run over the first month of the new security's life 

(although later costs are included in the coefficient should be interpreted 

primarily as the marginal investor's trading propensity over the first month. 

Because the other cost measures are not literally costs, their coefficients do not lend 

themselves as easily to interpretation. However, they do give estimates of the effect of 
liquidity on yields. For example, if average daily volume over the life of the security 
increases by I%, we should expect the yield to decrease by about 0.07 basis points. 

Notably, the fixed-effects dummies for each pair of securities are significantly 
different and account for a large portion of the variation. (The coefficients of these 55 

dummies are not reported. ) This indicates that there are other effects, unrelated to 
liquidity, that make the yield of one note different from another. 

Because of concern about persistence in the right-hand side variable, we repeat the 

analysis with both sides of the regression differenced along the time-series dimension 

which removes any first-order autocorrelation. Similar results are obtained, except 
that the number of quotes is of only marginal statistical significance. 

'0 Since we hypothesize a positive relation between the yield difference and trading costs, the 
t-statistics should be interpreted in the context of a one-tailed test. 
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Since we are running a panel regression with time series for each of 55 pairs of 

securities, as a further robustness check, we repeat the analysis using a variation of the 

Fama and MacBeth (1973) procedure. This controls for lack of independence within 

the time series for each pair of securities. Under this procedure, we run separate 

time-series regressions for each pair of securities and average the coefficients 

cross-sectionally. Again, the results are similar, and all coefficients are statistically 

significant. 

The regressions in Panel A of Table I are run over the first month after the issue of the 

on-the-run security. In the first month, the difference in liquidity between the 

on-the-run note and the off-the-run note is striking. In the second month, after an even 

newer security is issued, neither security from the original pair is considered on the run 

and the liquidity difference (and the yield difference) between them is modest. ' 2 Panel 

B of Table I repeats the analysis for the second month after the issue of the on-the-run 

security. 

The basic regressions in the first column of Panel B show that while some of the 

trading cost measures are significantly related to the yield difference in the second 

month, a number of the measures are not. When we difference both sides of the 

regression in the time-series dimension, we no longer find a relationship between 

liquidity and the yield difference. Under the Fama-MacBeth technique, the results are 

mixed. 

The fact that the model does a poor job in relating the trading costs to the yield 
difference in the second month could be due to noisier price data in the second month, 

and the fact that there is a much smaller yield difference to explain. However, it is also 

possible that the marginal investor changes between the first month and the second 

month. When comparing a new on-the-run note with the most recent off-the-run note, 

a marginal investor is one who trades frequently, values liquidity, and is indifferent 

between the more expensive liquid security and the cheaper, but less liquid, security. 
However, in the second month, since there is a newer security that attracts most of the 

" This interpretation is similar to that in Amihud and Mendelson (1986). 
12 For consistency, we continue to refer to the newer of the two notes as on the run and the older as off 

the run, even though they are now actually both off the run. 
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liquidity, the marginal investor may now be one who trades less frequently, values 

liquidity less, and chooses between the two securities both of which are fairly illiquid. 

If this is the case, the regression coefficients in Panel B should be expected to be 

smaller than those in Panel A. For the remainder of the paper, we focus only on the 

first month. 

6.2 Contemporaneous vs. Future Liquidity 

We have shown above that the yield difference, YDt, is related to future trading costs. 

However, the previous literature has focused almost exclusively on current liquidity. 

We now separate contemporaneous liquidity and future liquidity to determine the 

extent to which each of them relate to asset prices. We do so by calculating C,, the 

IT 
trading costs measured only on date t, and Ct., =-E 1+1 

C, the average T-Q+ 1) 

future trading costs over the remaining life of the security excluding the current day. 

In order to capture the incremental explanatory power of future trading costs beyond 

the current cost we orthogonalize the difference in future costs (between the two 

securities) relative to the difference in contemporaneous costs and the fixed-effects 

dummies. 13 If contemporaneous costs capture the variability in the yield difference, 

then the orthogonalized future cost coefficient should be statistically insignificant. 

This would also be true if contemporaneous costs are a good proxy for expected future 

costs. We test this with the following regression (run over the first month after the 

issue of the on-the-run security): 

YD, (8) 

The results of this regression, for each of the seven cost measures, are reported in 

Table 2. 

In the second column of Table 2, we see that all the future cost coefficients are highly 

significant indicating that future liquidity is indeed related to prices beyond that which 

13 The orthogonalization procedure is as follows: We regress the difference in future trading costs on 
both the contemporaneous trading costs and the fixed effects dummies. The residual of this 
regression, the component of future liquidity differences which is unrelated to current liquidity, is 
used on the right hand side of the regression in equation (8) 
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is captured by current liquidity. Even when the variables are differenced almost all the 

future cost coefficients are significant. Contemporaneous liquidity has mixed (and 

weaker) results reflecting the fact that current liquidity is only a small part of the 

lifetime liquidity and thus should only have a small affect on prices. We must stress 

that due to the orthogonalization, any common component in contemporaneous and 
future costs is captured in the coefficient for the contemporaneous cost. 

While these results confirm the importance of expected future trading costs in 

explaining the yield difference between off-the-run and on-the-run notes, we should 

caution that the measures of contemporaneous liquidity are necessarily noisier than 

those of future liquidity, since they are averaged over just one day, while future 

trading costs are calculated as an average over a long time period. Measurement errors 

in contemporaneous trading costs artificially lower their estimated coefficients which 

should therefore be interpreted cautiously. 

6.3 Time vs. Future Liquidity 

It is possible that there is another effect, unrelated to liquidity, that depends upon the 
issue cycle, for example, if some bond funds or central banks are restricted to holding 

on-the-run securities. We know that expected future trading costs decrease over time, 

so it is conceivable that our results are simply due to the correlation between the future 

cost measures and the time that a security issue will remain on the run. If that were the 

case, our regression results would be spurious. We test whether this -is true by 

including a time trend in the regressions which is simply the time since on-the-run 

security was issued. 14 We orthogonalize the future trading cost measures against the 

time trend and the fixed-effect dummies to obtain the following regression model: 
55 rth YD, =Zaj+, flrj+yrCoff, t-Zýon, tY +Ct (9) 
i-1 

where -r, denotes the time since the issue of the on-the-run security (measured as a 

fraction of a year) at each day t. The coefficient 8 captures the effect of time on the 

yield difference whether or not this effect is due to changes in expected future 

14 Sarig and Warga (1989), for example, use a time trend as one proxy for liquidity. 
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liquidity. The coefficient r captures any remaining effect of liquidity beyond that 

already captured in the time trend. The regression results are shown in Table 3. 

The regression coefficients for the time trend are all negative and very significant as a 

result of the downward slope in the yield difference. However, almost all of the 

orthogonalized cost measures are also statistically significant. This indicates that 

these future cost measures are not simply proxying for an unrelated time effect. 
However, trade size is only weakly significant, and the number of quotes is not at all 

significant beyond that which is already captured in the time trend. 

Since the trading cost measures are related to the yield difference even beyond the 

simple time measure, and since the amount of time that a security remains on the run is 

an important part of the remaining liquidity, we no longer include a term to separately 

capture the time elapsed since a security was issued. 

6.4 Comparison of Liquidity Measures 

One of the goals of this paper is to examine the relative importance of the different 

liquidity measures as determinants of the yield difference. If certain aspects - or 

certain measures - of illiquidity are more detrimental to investors than others, then 
investors will require a higher yield on securities that have these characteristics. 

The main difficulty in making this comparison is that our trading cost measures are 

correlated with each other. In order to examine the relative importance of each, we run 

the regression with pairwise combinations of cost measures. For each pair of cost 

measures, the difference in future costs (between the off-the-run and the on-the-run 

securities) under the second measure is orthogonalized relative to the difference in 

costs under the first measure and relative to the fixed-effects dummies. The regression 

model is 
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refer to different measures of average future trading costs. 
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Orthogonalizing the two regressors allows us to measure the incremental explanatory 

power of measure k beyond measurej. Given the results in Section 6.1, the coefficient 

of the first measurej will certainly be significantly positive. The question though, is 

whether the orthogonalized measure k adds explanatory power or if it is subsumed by 

measure j. Since we have seven expected cost measures and we examine each 

permutation of pairs there are a total of 42 regressions. The regression results are 

shown in Panels A and B of Table 4 and are summarized in Panel C of Table 4. 

In Panel A the measures listed along the vertical dimension are the nonorthogonalized 
(first) measures of trading cost, and the orthogonalized (second) measures appear 

along the horizontal dimension of the table. For each pair of expected cost measures, 
the regression coefficient and t-statistic of the nonorthogonalized measure is shown 
first, followed by the coefficient and t-statistic of the orthogonalized measure one line 

below. Coefficients of orthogonalized measures that are statistically significant (at the 

one-tailed 5% level) are highlighted in the table with asterisks. Panel B repeats the 

analysis with differenced regressions. 

When examining the regression results in Panel A, certain patterns emerge. The 

measure that appears most robust in adding explanatory power is the average quoted 

spread. The quoted spread adds explanatory power relative to each of the other 

measures, and each of the other measures is subsumed by the quoted spread (i. e., they 

do not add statistically significant explanatory power when orthogonalized relative to 

the quoted spread). The effective spread, which is the bid-ask spread immediately 

before a trade, adds explanatory power relative to some other measures (although not 

relative to the quoted spread). The effective spread also subsumes most, but not all, 

other liquidity measures. So although both the quoted and the effective bid-ask 

spreads are measures of liquidity that are significantly related to yields, the quoted 

spread appears stronger as it adds explanatory power relative to the effective spread, 

while the reverse is not true. 

Depth measures - average quote size and average trade size - only add explanatory 

power relative to the weakest of the other measures, and they do not subsume many 

other measures. 
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The measures of market activity are the number of quotes per day, the number of 

trades per day, and volume. The number of quotes per day is the weakest of our seven 

liquidity measures. It neither adds explanatory power relative to any of the other 

measures, nor does it subsume any other liquidity measure. In contrast, the 

trade-based measures of market activity - the number of trades and volume - add 

explanatory power relative to most of the other measures and also subsume most of 

them. 

The results for differenced regressions in Table 4, Panel B are largely similar. 

Panel C is a concise summary of the results in Panels A and B. For each of the 

liquidity measures, we count the number of times it adds statistically significant 

explanatory power (at the one-tailed 5% level) relative to the other six measures. We 

also count the number of times it subsumes the other measures (i. e., that the other 

measures do not add statistically significant incremental explanatory power). From 

this summary we observe again that the quoted spread, the number of trades and 

volume are most important in explaining the yield difference. 

It is noteworthy that when considering the effect of bid-ask spreads on the yield 
difference, quotes are more important than trades. This may reflect the need for 

immediacy - the ability to trade a position at any time at the quoted spread without 

waiting for the spread to narrow. In contrast, as measures of market activity, the 

number of trades and volume have a greater effect on prices than the number of 

quotes. This may capture the time required to find a counterparty to complete a trade 

at a fair price when immediacy is not needed. 

Conclusion 

This paper examines the effect of liquidity on on-the-run and off-the-run U. S. 

Treasury notes. Unlike the previous empirical literature, but in line with the 

theoretical literature, we focus on expected future liquidity rather than just current 
liquidity. We are able to distinguish between current liquidity and future liquidity 
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because liquidity varies systematically over the on/off cycle in the Treasury market. 
At the beginning of the cycle, the on-the-run note is very liquid and can be expected to 

remain liquid for some time. At the end of the cycle, although the note is still very 
liquid, it is expected to be less liquid in the future. We find that the price premium for 

liquid securities does indeed depend on future liquidity. 

Our paper also differs from the previous literature in the sense that we look at 
differences in liquidity and yields of securities over time. This allows us to isolate 

liquidity differences between the securities from any other cross-sectional differences, 

which are merely fixed effects. 

We measure liquidity using a number of different measures based on quotes and 
trades. We find that each measure significantly explains the yield difference between 

off-the-run and on-the-run notes. When orthogonalized relative to each other, the 

quoted spread and measures of market trading activity, (i. e., the number of trades and 

volume) add the most incremental explanatory power relative to other measures. 
Depth measures (i. e. average quote and trade sizes) and especially the number of daily 

quotes add little incremental explanatory power. 
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Tables 

TA13LE 1 
Regression of Yield Difference on Future Trading Cost Measures 

The first column of thLs table shuws the m-milts of autocorrelation-adjusLed Imnel rivxv-isious of 
the yield diffemice (YD, ) on the (liffereuce bdm%m the future cxjL4t nimisures for off-tlx,. -run luid 
on-the-rim notes (ruu wparately for eacli of the wivu cost mcasum-4). rimA-effects dutuinics 

are included for encli pair of wcuritie-s in order to isolate cr(. xs. *-twvtionaI differeums other than 
liquidity. The regn-ision (xjuatiou 6 

YDK = Eai + si r(.. ff., -+ cs . i=I 

The regressions are repeated in first differences with only one intercept. Using the Fama and 
Mactleth (1973) procedure we also run the regTessionts separately for eacli Ixtir of securities, 
average the regrewion melficients, and calculate the t-statistics. In Panel it, the regressions are 
run over the first nionth from the issue of the on-tho-run security. In Panel B, the regmssions are 
rmi over the second mouth. Autocorrelation-adjusted t-statistics are in parentheses. partial R2 
for the Imucl rcgrt--. -4ous in Immls are shown in the Last column. These represent the emplanatory 
power of the ccist ineasures h3olatcd from other cros-s-sectional differences captured by the fixed 
effects dunimics. The 142 for the regrcssions in differences for both the first tuid second ruouths: 
are below 1%. 

Panel A. First Mouth 

Oxit Measure flancl 11--gressioll Pancl Regression 
(Differences) 

QuotAxt Spread 22.1(10.8) 27.3 (2.03) 
EffectiNv Spread (; (;. 8 (1-1.1) 42.5 (2.2) 
k)g(I/Quote Size) 16.0(8.9) 40.5 (2.7) 
log(I/Trade Size) 43.1(11.7) 2,13.8 (2.1) 
log(l/# of Quotes) 18.1 (7.8) 33.1(1.6) 
log(l/# of Uades) 7.5(8.8) 21.6 (3.0) 
log(l/Vollittle) 6.6(9.1) 19.4 (3.2) 

Panel B: st-voild Mouth 

CA)Kt WASUre Pancl Ilt-gymion I'llnel Regression 
(Differences) 

Quotal Spread 0.8(0.8) -1.1(-0.6) 
Ellecti-tv Spread . 1r). 4 (4.4) 8.6 (0.8) 
log(I/Quotc Size) r). 1 (1.8) w. 5 (. 1.8) 
log(I/TroAle Size) 15.6(4.3) 
k-#,,, (I/# or Quotes) -0.9(. 0.2) 
log(l /# of 'ftades) 4.7 (-1.5) -8.00.5) 
log(l/Volume) -0.7 (-0.4) -6.7(-1.8) 

N-ma-Maclk-th Partial R2 

10.7(2.1) 11.45% 
35 )-8 (2.2) 11.1 H76 
9.0 (2.5) 9.00% 
20.0(1.8) 7.41% 
13.9 (2.1) 7.17% 

, 1.1(2., 1) 9.29% 
3.5) (2.3) 9-05% 

rania-Madkth Partial It2 

23.1 (2.8) 3.80% 
-l'). 9 (2.7) 2. r2% 
r)o,. 8 0.6) 2.92�% 

Table 1: Yield Difference vs Future Trading Cost 
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TABLE 2 
Regression of Yield Difference on Contemporaneous 

and Future Trading Cost Measures 
This table Aims the. resnlLm (of pauel regremaoits of flit. yk+1 differellm (YA) 

on the contemporaneous trading cost difference and the (orthogonalized) future tradiný, - cost difference 
for ench of the me%vu cost memures. FLxed-efTects dumumv are includf-A to control for cross-sectional 
differences. The regression is run over the first mouth from the issue date of the on-tho-run security. 
The regre. "ion "juatit. )n is m folk)ws: 

I", YD, +,, Ilj (('of + Ij 

The regro-wimi-si are relwttt%l in first differtmon. 4 wiLh a single intercept. Aiittxx)rrt-I. ii, ioit-atljiist(-tI 
i, statistics are showm in parenthows. 

Cust Alcasure Contemporaneous N'ture Contemporanmus niture 
(Differeums) (Differences) 

Quot(A sprmld 0.0320 (2.3) 12.2(8.3) 0.002C, (0.2) 12.3(l. 2) 

Ellective Spread 0.0326 (0-4) 41.0(7.3) O. W74 (-0.9) 29.8 (2.4) 

log(I/Quote Sizc) 0. (). 180 (1.1) 10.1(7.1) 

log(I/Tratle Sizc) 0.02,13 (0.4) 21.9 (6.8) 

log(l/# of Quotes) 0.0654 (2.2) 11.6 (OW) 

log(l/# ofTrmles) O. N, 25 (3-3) 5.2(7.. 1) 

log(I/Volumc) 0.051A (2.0') 4.2(7-3) 

0.0012 (0.0) 10.0(2.7) 

. O. Q286 (-0.5) 22.2(3-1) 

0.0160 (1-T) 12.6(2.0) 

wmw (1.8) 5.6(3.0) 

OXY2.10 (1.3) 4.8(3.1) 

Table 2: Distinguishing between Contemporaneous and Future 

Trading Costs 
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TABLE 3 
Regr%sion of Yield Difference on Time 17rond 

iI d Future r1rading Cost Measures 

This table shms the results of autocorreIation-adjusted pallel regressions of the 
3rield difference (YDI) on a tinic trend, (i. e., the tinic in years since the issue of 
tile on-flic-run note), and the (orthogonalized) future trading cost dilTerence for 
each of tile seven cost rueasures. rixetl-effects diumnies are inchided to control for 
cross-sectional differences. The regression is rtui owr the first inolith from the 
issue of the on-the-run security. Autocorrelation-adjusted t-statistics are sliown in 
I-wentheses. The regression e(patiOn is as follows: 

55 
orth 7,; j YDt cri + 0jr4 +, (( ("W1.8 + ct. 

C"t Measure Tinic 'Rend Future n-ading 
(Fractions of ayear CA)St 

from 1. &s-uc) 

Quoted SI)M'Ul . 7.3(-7.3) 22.2 (1.3) 

r,. ITcctiv-c Spread . 6.0 40.4 (3.2) 

log(I/Quote size) . 6.6 (-(3.8) if).. 5 (2.1) 

log(I/Dadc Size) -6.5 (-6.7) 12.8(l. 7) 

log(l/Number of Quotcq) -6.0' (-6-7) 0.1 (0-0) 

log(l/Number of Trades) -7.2(-7.7) 

log(l/vOluille) -7.0 (-7., 1) 6,1(3.0) 

Table 3: Separating the Effect of the Time Trend 
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TABLE 4: PANEL A 

Regression of Yield Difference on Pairs of Future Trading Cost Measures 

Thiq table reports the rmults of 42 regmsNions of the, yield differmce (YD, ) on all 1-wrmutationg of pairs 
of A iture trim ling ffwt difTerences, each %rit h one, "t Tnewurn orthogonaliztN I relative tot lie othcr. FLxed- 
effects dummies are included to control for diffmcut". Autocorre6tion-adjustcd. "tatLsfics 
are shown ht parenthew. s. The regremions are run cner the first wouth from the imaue date of the on-the-run 
security. The regrc. -; Nion etputtion Lq &q folkywa: 

I . b. 5 
Orth 

VDs - E-i + ýj t-, -J 77, ý,, 
t) + -ij 

(7-11k 
f,,, - 

77ohn, 
t) + of 

The nonortio-gpimliml trading "t nwastires are shown along the vertical dimension of the. table fuld 
the orthogonalized measures are shown along the horizontai dimension. 'Ile first set of numbers for each 
trading mit pair refers to the nonorthogonalizod cost measure and the am-ond set of number refers to 
the orthogonalized nimsure. Asterisks denote cociricients of the orthogonalLed cost nicastwes that add 
exp6natory Ixywer at the ono-tailml 5% significance. le-M. 

Quoted Effective log of log of log of log of log of 
Spread Spread 1/Qt Size 1/1'rd Size 1/# Qts 1/# 11-cls- I/Vol 
(orth) (orth) (orth) (orth) (orth) (orth) (orth) 

Quoted 22.1(10.8) 21.9(10.6) 20.6(10.1) 22.3(10.8) 21.5 (10.1) 21.3 (10.1) 
Spread -i6l. 6 (. 0.9) -1-1.3 (. 2.1) -9.6 (-0.9) -34.9 (-3.. 1) -3.7 (-1.0) -3.6(. 1.2) 

Effective 69.1 (14.6) 66.6 (14.1) 65.7 (1-1.1) C06.5 (1-1.5) 67.0(14.2) (' )0.9 (1-1.2) 
Spread 24.6 (3.9)* . 1. ()(0.9) 8.1((). 9) 0.1(0.0) 4.1 (1.8)* 3.2(1.6) 

log of 17.3(9.7) 16.0(8-6) 15.5 (R. 8) 15.0(8.6) 16.6(9.5) 16.2(9.1) 
I/Qt Size 30 (4.4)* 35.3 (2.2)* 10.1(0.9) -48.0 19.3 (3.: 1)* 15.7 (3.0)* 

10'r of 16.6 (13.2) T' ). 8 (12.8) 4,1.5 (12.3) 4: 1.4 (11.58) . 11.8 (12.9) 41.8(12.8) 
I/Trd Size 20.4 (4.1)* 30.0 (2.8)* 10.3 3.8 (0.0') 8.6 8.4 (3.5)* 

I, of 0ý0 20.5 (8'. 9) 18.2(7.4) 17.6(7.8) 18.3(7.7) 19.6(9.4) 18.7(8.7) 
I /# Qts 48.0 (5.2)* 48.2 (2.9)* -18.2 28. A (2.4)* 37.7 (6.8)* 32.9 (0.7)* 

log of 7.0(8-7) 7.4(8.0) 7.7(9.0) 7.4(8.7) 8.0(10.2) 7.5(8-8) 
1/# Trds, 26.1 (2-9)* 21.7(1.3) -23.8 (-2.1) -2.2(-0.2) . 82.5 (-5.8) . 6.5(-0.6) 

lot, of 6.9(9.2) 6 .5 (8.4) 6.6 (9.1) 6.6(9.2) G. C) (9.8) 6.6(9.3) 
i. /vol 27.6 (3.1)* 23.1 (1.4) -23.8 (. 1.9) -8.8(-0.7) -86.4 (4.6) 15.0(1.2) 

Table 4 (Panel A): Comparing Trading Cost Measures 
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TA13LE 4, PANEL 13 

Regression of Yield Difference on Pairs of Future Trading Cost Mensum-3 
(Differenced regressions) 

ThLi pauel rejx%ts ewh regra-vion in Imiel A in first differcures vkith a single lutercept. 

Quoted Effective log of log of log of 
Spread Spread I/Qt Size I/M. d Size 1/# Qts 
(orth) (orth) (ort h) (ort h) (orth) 

Quoted 27.7(2-7) . 18.1(3.1) 33.5(3.1) 30.6(1.0) 
Spread 21., 1(0.9) 29.4 (1.8)* 2: 1.2 (1.0') OA (0.3) 

Effective 66.5 (2.8) 101.1(3.0) ')9. T (2.8) 75.6 ) (2.0) 
Spread 21.0 (1.7)* M. 8 (2.2)* 2-1.8 (1.8)4 21.3(1.0) 

log of 41.7 (3.0) 42.1(2.8) 40.8(2.7) 42.7(2.4) 
I/Qt. Size 19A (1.7)* . 10.6(l. 5) 18.0(1.2) 0.0 (0.3) 

log of 56.0 (3.1) 41.7(2.7) 70.8(2-0) 53.2(2.0) 
I/Trd Size 2 IA (2.3)* 37.4 (1.9)* M. 6 (2.1)* 2: 1.9 (1.1) 

log of 35.0(1.7) 41.5 (1.7) -53.7 (2.3) 36.5 (1.7) 
I/# Qts 25.7 (2.1)* 36.8 (1.8)* XCI (2.2)* 25.0 (1.7)* 

log of 22.4(. 1.1) 22.0 (3.1) 25.7(3.2) 22.2(3.1) 21.0(2.5) 
1/# Trds 15.0 (1.2) 26.8(1.3) 21.3(1.1) 17.7(1.2) . 41.7 (-0.2) 

log of log of 
1/# Tms, 1/vol 

(orth) (01-th) 

. 17.5(3-2) 50.7(3-5) 
16.0 (1.0)* 15A (2.2)* 

10,4.7 (3.3) 114.8 (3.5) 
18.3 (2.4)* 16.9 (2.7)* 

51.9(3.2) 52.9(3.3) 
1.5.6 (1.8)* 15.3(2.0)1 

77.0(3.2) 79.3(3.2) 
18.7 (2.5)* 19.6 (2.5)* 

53.0 (2,1) 5-1.4 (2.5) 
22.1 (2.6)* 20.8 (2-9)* 

23.1(3.2) 
17.8(1.2) 

log of 20.3(3.. 1) 19.9(3.3) 22.2(3.3) 19.5(3.1) 18.3(2.6) 19.6(3.2) 
I/Nroi 11.0(1.2) 25.4(l. 1) 17. -1(0.9) -0.4 (-0.0) 48.2 (-0.3) 2.2(0.1) 

Table 4 (Panel B): Comparing Trading Cost Measures (Differences) 
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TABLE 4: PANEL C 
Scoring of Trading Cost Measures 

This panel sunimari7" the information in Panels A and 11 of Table 4. In the previous panels each of 
the seven traoling cost measures k is orthogonaliml. rclative to each of the other cost measures j. If the 
orthogonali7ted nimsure. k ig statistically significant (at the, one-tail(NI 5% level) in a regression with meamure. 
j, we say that memure. k add-4 explannwry power relative to j. If not, we say that measure j suhstunem 
ni m4ure k. ror each measure of liquidity, we count the. number of tin" (out of a jx*LNible six) it adds 
explanatory power relative to (lie other liquidiky measures. N%e alrio count the number of tiules it sulmumes 
other measures (out of a possible six times). The total score is the muiu of these counts. 

Adds Exphuiawry submumes Adds Explawitory SUIMUH14% 
I'oAvr Other Almsures Power Other h1casurm 

Cost Nimsure (Difrercuc") (DifTeretices) Total 

Quoted Spread 6 4 3 19 
EfTective Spread 3 2 1 10 
log(I/Qliote Size) 2 2 4 3 11 
log(I/Trade Size) 1 1 2 1 5 
log(l/# of Quotes) 0 0 0 0 0 
log(l/# of Trades) 4 5 5 6 20 
log(l/Volume) 3 5 5 19 

Table 4 (Panel Q: Scoring of Trading Cost Measures 
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FicURE 2 
Yield Difference: 

Off-the-rmi yield nuinus on-the-run yield (adjusted) 
This graph sltaws the amrage, difference bet-ween the yields of off-the-run and on-the- 
run two-year US Treasury notes in our sample (adjusted for differences in couponand 
maturity betwoen each pair of notes). The difference in yields declines oves the month 
until a newer note is issued. 
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CHAPTER 3 HIGH FREQUENCY PAIRs TRADING WITH U. S. 

TREASURY SECURITIES: RISKS AND REWARDS FOR HEDGE 

FUNDS 

1. Introduction 

Non-traditional money managers have employed the concept of pairs trading for 

many years. Hedge funds and proprietary trading desks of investment banks used 

this simple statistical arbitrage strategy with an apparent degree of success. As a 

strategy, it is very easy to conceptualise. Find two securities that have moved 

together in price space. Monitor the spread between them. When the spread 

widens, buy the loser and short the winner. If the two securities have a stable 

relationship, the spread will narrow to its normal historical levels. At that time, 

reverse the trade and pocket the profit. 

The practical implementation of terms such as "find two securities", "monitor the 

spread", "stable relationship", "normal historical", "reverse the trade" and 
"pocket the profit" are what make such a strategy more challenging in reality than 

it is in theory. Besides these, market incompleteness such as ex-dividend date 

jumps, and market frictions such as transaction costs, financing costs, taxes and 
immediacy make the task less easy and the rewards usually lower. Also, this 

so-called "arbitrage" is not riskless. In practice, even in the absence of the 

frictions mentioned above, the arbitrage is rarely ever a "pure arbitrage", but is 

what is often called an "expectations arbitrage". There is always some risk 
inherent in the strategy. This risk could be attributed to a number of areas. It 

might take, for instance, a microstructure nature e. g. inability to find a 

counterparty for an immediate sale. Or, it might be based on pure economic 
fundamentals e. g. a change in investors' interest rate expectations represented by 

a change to the curvature of the yield curve. It could be institutional in nature e. g. 

a sudden demand and ultimatum for margin payment. Or, it could be noise trader 
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risk where the fundamental economic values of the two securities, based on 

ultimate payoffs, are exactly the same, but the aggregate of informed and 

uninformed investors trades them at even more disparate prices than when the 

spread trade was opened. Usually, the pairs trader faces more than one of such 

risks simultaneously. 

In the academic literature on the U. S. Treasury securities market, 
Krishnamurthy (2000) examines the classic trade involving a short position in a 

newly issued 30-year Treasury bond and a long position in the old 30-year 

Treasury bond. He estimates that the profits from this strategy are greatly reduced 

once the cost of financing in the repo markets is taken into account. 

Gatev et al (1999) examine pairs trading in the U. S. equity market. They confirm 

that this popular Wall Street investment strategy is profitable after an allowance 

for trading costs, and that these profits are inherently different from a pure 

mean-reversion strategy. Unfortunately they do not address the difficulties or 

costs of shorting in that market. 

In this chapter we examine a simple pairs trading strategy using the large and 
highly liquid secondary market for U. S. Treasury securities. 15 There does not 

exist any prior academic research that has used the entire universe of U. S. 

Treasury bills, notes and bonds in a single study. Although this chapter may 

appear to make implicit statements about the level of efficiency in this market, 

this is not one of its aims at the outset. Instead, we examine the risk reward 

tradeoffs of pairs trading in the secondary market for U. S. Treasury securities. 
We estimate the returns distribution from following such a strategy after 

accounting for transaction and financing costs. We construct a duration-matched 

portfolio to benchmark vis-A-vis the primary component of net risk in the fixed 

income portfolio. The returns of various strategies, benchmarks and market 
indices are then put through a relative appraisal, using metrics such as the 

15 Bradley and Lumpkin (1992) show that the US Treasury interest rates are strongly 
cointegrated. 
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gain-loss ratio (Bernardo and Ledoit (2000)) and omega measure (Keating and 
Shadwick (2002)). 

This chapter is organized as follows. Section 2 describes some of the practical 
issues for setting up a pairs trading strategy. It contrasts equities and government 
bonds in this respect. Section 3 describes the data used. Section 4 discusses the 

main features of the proposed pairs trading strategy, including the simple risk 

management strategy suggested. Section 5 contains the analysis and main results. 

Section 6 concludes. 

Practical Issues when Pairs Trading 

Table I lists some of the main features to be considered when implementing pairs 

trading. It also shows how each feature differs when pairs trading with U. S. 

equities rather than U. S. Treasury securities. For a trader with limited capital who 

wishes to trade a pair in the U. S. Treasury securities market, she must be able to 

carry out a series of operations with different intermediaries (each charging a fee) 

for the opening leg of the spread trade. This is shown graphically in Figure 1. The 

mechanism is opposite when reversing the trade in the closing leg. 

In its most generic sense, the pairs trader will: 

look over some (recent) historical "training period" 

at some subset of the universe of available securities 

to decide how to form pairs, which she will then 

trade over some future "trading period" 

Thus, the decision variables to consider are: 

the length of the "training period" 

the subset of securities, within an asset class, to choose from 

the metric for measuring which is the best partner for a security 

the cut-off for the metric when deciding which pairs are too unstable to even 
bother with 
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the length of the "trading period" 

the trigger point at which a spread trade is opened 

the trigger point at which a spread trade is closed 

0 steps for risk control 

In practice, she will also have to consider: 
her relationships with dealers and brokers in both the cash and repo markets 

ways to reduce commission payments through such relationships 

methods to raise debt capital at a short notice 
lines of credit for financing margin payments that are in excess of any equity 

capital that she starts with 

9 the behaviour of the owners of equity capital when her P&L is under duress 

3. Data 

3.1 Cash Market 

The secondary market in U. S. Treasury securities is predominantly an 

over-the-counter market. Although Treasury securities are also listed on the New 

York Stock Exchange (NYSE), trading volume on the NYSE is negligible in 

comparison with the over-the-counter market. 

The over-the-counter market consists of approximately 1,700 brokers and dealers. 

Brokers are solely intermediaries that bring dealers and customers together for a 

small brokerage fee whereas dealers take the opposite side of a customer 
transaction. For providing this service to investors dealers earn the bid-ask 

spread. In order to supplement their revenue from market making, most dealers 

also engage in proprietary trading. 

In addition to regular brokers, there are six interdealer brokers who provide their 

services to dealers only. Inter-dealer brokers conceal the identities of the ultimate 

sellers and buyers, and act as principals to both sides of the trade. Thus, there are 
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two ways for a dealer to make a quotation or trade with another dealer - via direct 

connection with the other dealer or via a screen of an interdealer broker. 

In spite of the large number of dealers in the over-the-counter market, the vast 

majority of the quoting and trading activity is by the 35 primary dealers. Primary 

dealers differ from other dealers in that they are approved to transact directly with 

the Federal Reserve in its market operations. Primary dealers are expected to 

participate in Treasury auctions and distribute Treasury securities as well as make 

a market for customers. 

The data set on the U. S. Treasury market that is used in this study is from GovPX. 

GovPX is an organisation that was set up in 1990 by all the primary dealers and all 
interdealer brokers (except one) in order to provide better data availability and 

thereby greater transparency for the U. S. Treasury market. The GovPX data set 

consists of all trades and quotations that are transacted through participating 
interdealer brokers. It contains only the best bid and ask prices and quantities. In 

addition to trade prices, the size of the trade is also recorded as well as the side 

originating the deal (hit or take). There is no other data set for U. S. Treasury 

securities that covers a similarly extensive period of intraday quotes and trading 

activity. The GovPX data coverage starts in July 1991 and runs through to the 

most recently compiled period. Hence it provides a unique opportunity to 

researchers. This study uses data from I January 1994 to 31 December 2000. 

This includes data on over 4.5 million trades and approximately 50 million quotes 
for 829 securities that include bills, notes and bonds. 16 We use only the firm 

quotes provided in the data. 

Although the GovPX data set is unique in its coverage of the Treasury securities 

secondary market, it is important to point out some of its limitations. First, as 

mentioned above the data is from only five of the six interdealer brokers. It does 

not include trades and quotes routed through Cantor Fitzgerald who mainly 
focuses on the "long end" of the Treasury maturity spectrum. We do not expect 

There also exist cash management bills in the data, but they are of too short a maturity and are, 
automatically, never considered. 
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this to bias the results of our particular study. Second, since the interdealer broker 

market is anonymous, it is impossible to identify the counterparties of a 

transaction or identify the brokers submitting quotations. Third, not all dealers' 

quotations are included in the data set but only those that improve the best bid or 

ask. The bid-ask spread that can be inferred from the data is therefore 

considerably smaller than individual brokers'bid-ask spreads. Since the Treasury 

secondary market, however, is extremely competitive and very transparent, the 

best bid and ask seem to be a good representation of the actual trading costs 
incurred by dealers or their clients. Fourth, GovPX contains only trades and 

quotations that are placed via the interdealer broker system. This is potentially a 

serious drawback of the data set since any trades and quotes that are directly 

between dealers or between dealers and their customers arc excluded. Given that 

the interdealer market is anonymous, whereas for direct transactions between 

dealers or between dealers and clients the counterparties know who is "on the 

other side" of the transaction, the decision whether to use the former or latter way 

of transacting becomes a strategic choice. 17 If there is trading based on superior 
information, then this type of trading activity would more likely be transacted 

through the anonymous screen of an interdealer broker. Hence, there is an 

adverse selection problem particularly for interdealer broker transactions. This 

can have a significant impact on relative prices as well as quotations between the 

two different transaction mechanisms. If dealers know that adverse selection risk 
is greater for interdealer broker transactions then they will quote worse prices on 

the screens and consequently bid-ask spreads would be larger for interdealer 

transactions than for direct transactions. Therefore, conclusions about liquidity 

and pricing effects that are based on observing interdealer trading and quoting 

activity alone have to be treated with some caution. 

3.2 Repo Market 

General collateral and special collateral repo quote data is available from GovPX 

Inc. Unfortunately, the data starts on 7 th November 1995 i. e. does not cover the 

entire period for which cash market data is available. As Figure 2 shows, the 

17 See, for example, Barclay et al (2001), Conrad et al (2001) and Keim and Madhavan (1996). 
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overnight general collateral repo rate cointegrates and is of the same order of 

magnitude as the Fed Fund's Rate. So, for the period prior to 7th November 1995, 

the Fed Fund's Rate is used as a proxy. 

3.3 Strip Market 

Data on U. S. Treasury strips is obtained from Street Software and is used to 

estimate the returns from a benchmark portfolio. 

3.4 Which prices to use? 
The selection of pairs is performed in price (as opposed to return) space. Stable 

cointegration relationships between securities are desired. Since the strategy is 

based on actual trade prices it is important to use dirty rather than clean prices in 

both the training and, of course, the trading period. The GovPX data contains 

clean prices and so accrued interest is added to obtain dirty prices. 18 

3.5 Frictions 

3.5.1 Bid-Ask Spread & Commission 

The median of the bid-ask spread for each day is used as a base. As argued above, 

the bid-ask spread in the GovPX data, are based on the best quotes in the 

interdealer market. However, as also argued above in Section 3.1, the bid-ask 

spread in the interdealer market would, in general, serve as an upper-bound for the 

bid-ask spread in the public-dealer trades that are being simulated in this chapter. 

If this strategy is implemented by dealers in the interdealer market, commissions 

Often prices in bond markets are quoted "clean". The buyer must compensate the seller for the 
portion of the next coupon interest payment the seller has earned but will not receive from the 
issuer because the issuer will send the next coupon payment to the buyer. This amount is 
called accrued interest and depends on the number of days from the last coupon payment to the 
settlement date. The accrued interest when added to the clean price gives the "dirty" price, the 
actual trade price. See Fabozzi (2000) for this and other details of bond markets in general. 
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are $10 per trade size of $lm i. e. approximately 0.1 basis points. 19 Public trades 

may have slightly higher commissions. We assume that the biases in estimating 

the magnitude of bid-ask spreads and commission in the public-dealer trades 

roughly offset each other. 

3.5.2 Shorting and Financing Costs 

Out of the approximately 60 to 80 securities (i. e. 30-40 pairs) in the subset of 

securities within a trading period, at most only two or three securities may be "on 

special". 20 It is more likely that those securities on special will be the ones that 

are shorted, as their prices will be higher in the cash market. So, it is not 

reasonable to assume, at the outset, that the pairs trader will be either paying or 

receiving the "specialness" for roughly equal periods of time. To simplify 

matters, for the purpose of this study, those securities that are on-the-run are 

excluded from the subset of securities used to form pairs. This allows us to use 
the general collateral repo-rate as the relevant rate when estimating the costs of 
financing positions. By construction, we thus also abstract away from the other 

popular trading strategy of shorting the on-the-run (dearer) security and going 
long the off-the-run (cheaper) security to earn that "apparent" spread 21 

. 

The impact of movements in the prices of the long and short bonds on the repo 

margin payments is shown in Table 2. The security flow when margin is 

demanded can be cash, securities or both. For this study, cash is assumed to flow 

between counterparties and repo interest payment amounts are adjusted daily. 

The lender of the security usually applies the haircut. It protects her 

(Choudhry (1999)) against: 

*a sudden fall in the market value of the collateral; 

19 We say "approximately" 0.1 basis points because 0.1 basis points is exact only for a bond 
priced at face value. 

20 A bond is said to be "on special" when the repo rate for it is lower than the repo rate for all 
other bonds. The specialness is caused by an extreme supply demand imbalance. 

21 The term "apparenf' is used because as Krishnarnurthy (2000) shows, once the repo market 
financing costs are allowed for, the profits are greatly diminished. 
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illiquidity of collateral 

other sources of volatility of value (e. g. approaching maturity) 

counterparty risk 

The pairs trader, is assumed to be perceived as a low risk counterparty. The 

securities traded are filtered to be those that are liquid. Also, the trader has 

equivalent repo and reverse-repo positions. So, the haircut, or initial margin is 

assumed to be zero. 

The Proposed Trading Strategy 

The generic trading strategy proposed is as follows. The length of all training 

periods and trading periods is fixed at the outset, at the start of 1994. Thus, pairs 

are always fixed once, at the start of a trading period, by looking back in time over 
the length of the training period. For each security, the "distance" between it and 

all other securities in the subset are calculated. The "distance" is defined as the 

sum of the square of the daily difference in normalised prices of the securities. 
The price used is the median 22 of the mid-quote for each day. The normalisation 

of prices for each security is done by subtracting the sample mean of the training 

period, and dividing by the sample standard deviation over the training period. A 

record is kept of the distribution of distances between each pair over the training 

period. During the trading period (see Figure 3), a pair is opened for trading when 
the distance between the securities in that pair widens to reach or cross a trigger 
level, defined as a percentile of the empirical distribution of distances observed 

over the training period. The trade is reversed when any of the following three 
(sufficient) conditions are met: 

the spread narrows so that the distance between the securities in a pair reaches 

or crosses its median distance 

2. the last day of the trading period is reached 
3. the distance widens to hit a risk management trigger 
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The first condition, by construction leads to a profit. The second condition may 
lead to a profit or a loss. The third condition, a simple risk management tool, 

always leads to a loss. It models one or more of the following: 

* the trader faces the risk that his model of the pair's relationship is flawed, or 

* noise traders are temporarily forcing the "normal" historical relationship to be 

stretched beyond what the trader had expected ex-ante from his limited 

training period, and there is a fear that 

" margin payments may be demanded soon 

" credit lines may be cut 

" the owners of any equity capital are going to prefer to take a loss and close 

the position rather than risking riding what may not be a trough and lead to 

a larger loss of wealth 

4.1 Selecting Pairs 

The selection of pairs is made from a subset of securities for which there are at 

least ten quotes each day. Although this pre-selection rule to exclude many 

securities may seem ad hoc, it serves a useful purpose for this exercise. Pairs 

trading is usually carried out with the most liquid securities in a market. This 

pre-selection criterion helps to create this list automatically. 

22 Wherever medians rather than means are used, the purpose is to avoid distortions in means 
caused by outliers without affecting the economic story or making the study unrealistic. 
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5. Simulation and AnalysiS23 

The theme of this section is to present a few specific examples of the generic 

trading strategy, to appraise them, and to produce estimates of the effect of 

transaction costs and financing costs on the performance. 

5.1 Simulation Parameters 

For the kind of simulation exercise set out in this chapter, one could come up with 

an infinite number of distinct strategies by varying the various trigger levels and 

training and trading periods. However, the purpose of this study is not to suggest 

the optimal (ex-ante) strategy for the universe of securities available within the 

asset class. Therefore, for the purpose of this study, four cases of the generic 

trading strategy are used as illustrative examples. These four strategies are 

defined by: 

#1234 
NwmofStmtegy P1505 P1510 P2005 P2010 

Training Period (days) 40 40 40 40 
Trading Period (days) 40 40 40 40 

Trade Opening Trigger I (percentile) 15 15 20 20 
Stop-Loss Trigger I (percentile) 5 10 5 10 

Trade Opening Trigger 2 (percentile) 63 65 70 70 
Stop-Loss Trigger 2 (percentile) 95 90 95 90 

Trade Closing Trigger (percentile) 50 50 50 50 

The 'P' in the strategy represents Pairs Trading. The first two digits in the name 

represent the trade opening trigger percentile. The next two digits represent the 

stop-loss trigger percentile. Later in this chapter we devise benchmark strategies 

which are named similarly, but starting with the letter'B. The triggers shown, in 

fact, represent two levels about the median. Thus a pair opening to trade at a 15 

percentile trigger e. g. P1505, would also open to trade at a 65 percentile trigger, 

23 Unless specified otherwise, all significance tests are at 99 percent confidence, and significant 
t-stats are shown in bold typeface rather than italics 
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but with opposite positions in the constituents of the pair. Correspondingly, for 

the trade closing trigger, if a pair e. g. P1505 was opened to trade at the 15 

percentile (65 percentile), it would be closed if it hit the 5 percentile (95 

percentile) stop-loss trigger. 

5.2 Expected Returns 

For a given stop-loss trigger, say at 5 percentile, it is not immediately obvious 

whether a higher or lower trade opening trigger would produce the higher 

expected returns for a given pair. Working in terms of "percentiles", if we define 

46stop-loss hit" to be the event that the stop-loss trigger is hit and h, (stop-loss) to 

be the probability of hitting the stop-loss trigger for a given trade opening trigger 

of o, we see that: 

E(return. de opening bigger -o 
)= E(returntrade opening bigger -oI stop - loss not hit) * (I - ho) 

E(losstrade 
opening bigger -oI stop - loss hit) * h,, 

The two expectations on the right hand side are, of course, linked since: 

E(returntmde opening trigger -oI stop - loss not hit) + E(Ioss tmde opening bigger -oI stop - loss hit) 

= 50 - [stop - loss trigger level] 

Also, the probability of hitting the stop-loss trigger h, (stop-loss) is also directly 

related to the distance between the trade opening and stop-loss triggers. The table 

below surnmarises the key points. 

Trade Opening Trigger Level Far from 50 (median) Close to 50 (median) 

Trading frequency Lower Higher 
Total Transaction costs Lower Higher 
Profit from trade that does not hit stop-loss Large Small 
Proximity to Stop-Loss Close Far 
Stop-Loss activation Sooner? Later? 
Loss when Stop-Loss activated Lower Higher 

Eventually, it is the stochastic process followed by the price spread between the 

constituents of a pair that would drive the profit generation. Depending on the 

realised path of the spread, the trader may end up opening trades often, never 
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hitting the stop-loss, and taking profits at the median. Or she may rarely open 

trades and, upon doing so, hit the stop-loss trigger frequently and lose money. 
Again, the aim of this chapter is not to find or characterise the types of strategy 

that perform best. 

5.3 Benchmarking 

in order to appraise the perfonnance of the strategies, for each strategy a 

duration-matched benchmark is created using strips data. This hypothetical 

portfolio aims to capture the majority of the risk in the pairs trading strategy. 

When a reference level is required, for instance, for the Gain-Loss Ratio, this 

benchmark is used. In addition, zero and the risk-free rate are also used. A 

reference of zero represents the scenario where there is no financing required to 

implement this trading strategy i. e. repo and reverse repo trades effect the long 

and short positions, respectively, and margin payments are never demanded. The 

duration-matched benchmark returns are always computed without any 

transaction costs. As the duration-matched benchmark would incur the same 

level of transaction costs to implement, for fairness, the returns of the pairs trading 

strategy are also shown without transaction costs. The duration-matched 

benchmark for a pairs trading strategy with no transaction costs is very slightly 

different from the duration-matched benchmark for a pairs trading strategy with 

transaction costs. So, the benchmark returns are shown twice. For comparison, 

results, where appropriate, are also shown for the Salomon Brothers Treasury 

Index, the most widely used index for the US Treasury market. In addition and 

where appropriate, results are also shown for the S&P 500 Composite and the 

risk-free rate, represented by the Fed Funds Rate. The strategies P1505Z or 

P1505W are picked as the flagship strategies when making general comparisons 
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of the pairs trading strategy with other investment strategies. The 'Z' and W 

indicate returns without and with transaction costs, respectively. 

5.4 Performance Analysis 

5.4.1 Characteristic Features of the Traded Portfolios 

Figure 4 shows the distribution of returns for the S&P 500, Salomon Brothers 

Treasury Index and the P1505Z strategy, along with their underlying normal 

distributionS24 . The pairs trading strategy has a much narrower range indicating 

limited upside and (risk management controlled) downside. Examining this 

strategy P1505Z more closely in Figure 5, we see that it is highly non-normal 

compared with, say, the S&P500, and there is a discontinuity in the returns 

distribution at zero. 

Figure 6 shows, for P1505W, the total number of pairs open on each day over the 

period. Figure 7 shows the distribution of the life of a pair trade for this strategy. 

The mean is 4.7 days and the median is 3 days. Figure 8 shows the return 

generated for $1 of capital backing each of the long and short positions. This is an 

overly capital intensive representation. In practice, a primebroker would require 

only 2.5%-5% of the notional amount of the short position as collateral to back a 

long/short pair in US Treasuries. Thus, the return on capital employed would be 

40 to 80 times that shown in Figure 8. 

Figure 9 shows the time-series of the net duration of the P1505Z strategy. As 

expected, the net duration is usually close to zero. The artificial duration-matched 

benchmark portfolio is constructed to have exactly the same net duration. 

Table 3 shows some of the characteristics of the return distributions for the 

various asset markets and pairs trading strategies. The pairs trading strategies can 

The fitted normal distribution is one that has the same mean and variance as the underlying 
data. 
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outperform the equity and bond index using the Sharpe Ratio. 25 Examining the 

Gain-Loss Ratio, we see that the pairs trading strategies almost always 

outperform all the benchmarks. The correlations of the flagship strategies 

PI 505Z and P1 505W with the S&P500 and the Lehman Brothers Treasury Index 

are 0.05 and -. 03, respectively. 

5.4.2 Omega functions 

The Omega Function is defined as 

[I 
- F(r)pr 

f F(r)dr 

where (a, b) is the interval of realised returns, and F(r) is the cumulative 

distribution of returns. Thus Q(L) is a measure of the relative probability 

weighted gains to losses at the return level L. The bigger Q(L) is, the better the 

quality of a bet on a return greater than L. Q(L) is equivalent to the distribution 

itself and is a decreasing function of L. It takes the value 1 at the mean and 

encodes variance, skew, kurtosis and all higher mornents. Omega also encodes 

risk via its relative change produced by a small change in the level of returns. The 

shape of Omega makes risk profiles apparent and, for two assets, the one with the 

higher Omega is, literally, a better bet. 

Figure 10 shows the Omega Function of Keating and Shadwick (2002) as a 
function of daily returns for the S&P 500, Salomon Brothers Treasury Index and 

the strategy P1505Z. For the Omega Function, the mean is represented by the 

point on the x-axis where the curve crosses y--l. Figure 10 illustrates that 

although the upside relative to the mean is limited for the pairs trading strategy 
(steep curve above the mean), its risk-reward trade-off is enhanced by also 
limiting the downside (steep curve below the mean). 

25 Note, the Sharpe Ratio calculated and shown in Table 3is based on daily returns. The 
equivalent annualized Sharpe Ratios, assuming normality, may be calculated approximately by 

multiplying by r2-5o. 
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Figure II shows the Omega Function for the strategy PI 505Z along with that for 

its duration-matched benchmark portfolio. As can be seen from the graph, 

benchmarking vis-d-vis duration only ignores the other principal components of 

yield curve changes that can enhance returns. 

Figure 12 shows the Omega Function for the four pairs trading strategies. 

Comparing them, see that P 15 1 OZ is preferred on the downside. On the upside, it 

is preferred to the other strategies for most of the range, but its upside is limited 

compared with P1505Z and P2005Z. This is because it hits its stop-loss trigger 

and is forced to close trades more often. The table below, measures returns in 

"percentile terins", and illustrates the point further. 

Name of Strategy P1505 P1510 P2005 P201 0 

Trade Opening Trigger (percentile) 15 15 20 20 

Stop-Loss Trigger (percentile) 5 10 5 10 

Trade Closing Trigger (percentile) 50 50 50 50 

Profit from closing trade at median 35 35 30 30 

Loss when Stop-Loss is activated -10 -5 -15 -10 
Proximity to Stop-Loss at open 10 5 15 10 

Proximity to median at open 35 35 30 30 

5.5 Enhancing Strategy Performance in Practice 

In practice, returns could be enhanced by a number of simple tweaks: 

* Pairs have been formed from the subset of all securities for which there are at 

least ten quotes per day. Instead, pairs that are not really well cointegrated 

may be excluded for trading. This could be implemented by imposing one or 

more restrictions on the distribution of the distances between pairs that are 

selected. 

0 In the simulations, all open pairs are forced to close on the last day of each 

trading period. In practice, a marked improvement in returns could be had 
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from being selective about which positions are closed. The others could be 

allowed to run for longer. 

e In the simulation, pairs are selected by examining the distribution of distances 

between securities. It is possible that, using this method, a pair is selected 

with constituents that appear to be closely cointegrated but are in fact 

diverging. If this is the case, they may open trading as soon as the trading 

period commences. However, the P&L is highly likely to worsen as time 

progresses with a large loss realised, either on the last day of the trading 

period, or by the setting off of the risk-management trigger. This is illustrated 

in Figure 13. A time-series analysis of the spreads between securities may 

enhance returns considerably. 
Excluding bonds which pay coupons during the training and trading period 

may improve performance as the pairs formation may be more accurate. 26 

Conclusion 

In this chapter we outlined various points to consider when implementing a pairs 

trading strategy. We included a discussion of the broad conceptual differences 

between an implementation in a credit risk-free fixed income market vis-A-vis an 
implementation in the equity markets. Focusing on the US Treasury securities 

market, we detailed one simple technique for constructing pairs and setting trade 

and risk management triggers. The simple pairs trading strategy suggested 

performs well relative to various benchmarks and using different measures of 

performance. Even as an unsophisticated strategy it allows a trader to benefit 

from any predictability in spreads between bonds and short-lived mis-pricing of 

bonds. Finally, we urge the practitioner implementing such a strategy to explore 

various areas for improving the stability and level of performance. 

Using clean prices during the training period, and (by definition) dirty prices in the trading 
period produced terrible results (not reported), indicating the importance of using "real prices". 
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Tables 

US Equities US Treasury Securities 

Trading Costs 
(bid-ask spread and higher order of magnitude lower 
broker commission) 

Cointegration low high 
Security lifetime high low to high 
Potential "learning period" long short to medium 
Idiosyncratic Risk & E(Return) 
Le net spread risk high low 

and unleveraged E(returns) 
Unleveraged VaR high low 
Normal levels of risk driven by company specific events or sustained micro distortions in 

announcements term structure 
Extreme risk probably caused by company distress worsening micro distortions in 

term structure. 
Leverage costs (collateral risk) high low 
Shorting: 

- ease lower higher 

- costs higher lower 

- social acceptance can be low less affected 
Price pressure per $ traded Higher lower 
Idea of efficient price Difficult to assess relative pricing has stricter 

bounds 
Do we understand exactly how no no 
efficiency is maintained? 
Trading activity levels sufficient for the more liquid for off-the-run securities can be 

securities unpredictable 
No of available securities large and stable smaller and depends on 

government's funding 
requirements and policy 

Dealing with dividends/coupons jump on ex-dividend date although clean prices are 
smooth, need to work with dirty 

prices with jumps on 
ex-dividend date 

Possible benchmark Contrarian strategies duration matched portfolio 

Table 1: Pairs Trading in Equity vs Bond Markets 
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Figure 1: Opening a Spread Trade 
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The overnight general collateral repo rate tracks the Fed Fund's Rate very closely 

Figure 2: General Collateral Repo Rate vs Fed Fund's Rate 
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95 percentile: Stop-Low trade here 

73 percentile: Open trade here 

distribution of daily 
distance I-- 

Median: Close trade here 

23 percentile: Open trade here 

5 percentile: stop-Lm trade here 

Figure 3: Generic Trading Strategy 
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Figure 4: Returns Distributions 
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Figure 5: Returns Distribution for P1505Z 
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% 

The returns shown are based on $I of capital backing $I each of notional long and short bond. The 
returns in practice including a margining arrangement would be many orders of magnitude higher. 

Figure 8: Cumulative Returns 
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the pair automatically starts 
off vvith a "buy spread" 
signal, that later turns out 
to be a mistake 
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distribution of distances 

N Trading Pe-rio-ý a time-series examination 
may not have picked this aa 
cointegrating pair 

Figure 13: Problems with Simple Pairs Selection 
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CHAPTER 4 INTERDEALER TRADING IN THE UK GOVERNMENT 

BOND MARKET 

1. Introduction 

It is now well accepted that interdealer trading, or risk sharing among dealers, plays an 
important part in the smooth functioning of the competitive dealership market 

structure. The significance of interdealer trading as a fraction of total trading in a dealer 

market has been reported in numerous paperS27 . The two most popular theoretical 

reasons suggested for interdealer trading are inventory management 28 and 
information 29 driven trading by dealers i. e. strategic positioning. In practice, within 

any market, at any given time, and for any particular security, the extent of interdealer 

trading will depend on the information set of dealers, their inventories in that and 

related securities, as well as the derivative securities available for hedging. The 

information set of dealers has many subsets that add colour to the extent of interdealer 

trading. For instance, their assessment of future risk factors, the perceived 

appropriateness of hedging derivative instruments, portfolio considerations 30 
9 

perceived liquidity risk of the security, and regulatory controls. The inventories of 
dealers, arguably, change more frequently than the dealers' perceptions of the primary 
long term risk drivers. The practical list of securities available to a dealer depends on 

regulatory constraints including those relevant for capital adequacy controls, the 

dealer's experience in a particular security as well as the correlation between that 

security and the securities that the dealer already holds a (long or short) position in. 

27 Smith (1999) states 16% of dollar volume for Nasdaq, Lyons (1997) estimates it to be 80% of value 
traded for the foreign exchange market, Reiss & Werner (1998) estimate it to be 18% of value traded 
in the London equity market. 

28 See, e. g., Amihud and Mendelson (1980), Bradfield (1979), Smidt (1979), Ho and Stoll (1983), 
O'Hara and Oldfield (1986), Son (1991) and Zabel (1981). 

29 See, e. g. Admati and Pfleiderer (1988), Bagehot (1971), Copeland and Galai (1983), Easley and 
O'Hara (1987), Glosten (1989), Glosten and Milgrom. (1985) and Kyle (1985). 

'0 i. e. risk offsetting by positions in other securities within a portfolio. Naik & Yadav (2003a) find no 
significant behaviour of this kind amongst London Stock Exchange dealers, but do find it in the UK 
government bond market in Naik & Yadav (2003b). 
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This paper focuses on interdealer trading in the context of the UK government bond 

market. This is a market characterised by securities, known as gilts, with 

approximately zero credit risk as well as many close substitutes i. e. other securities 

affected by the same primary risk factors. The prices of securities in this market are 

largely driven by publicly available macroeconomic information. In addition, at any 

time, there exists a liquid futures contract that represents a hedging instrument for a 

large part of the risk exposure of the market. Using this contract dealers can offset risk 

on their books (inventory management), or take on additional risk (strategic 

positioning). 

The inventory risk management type of models suggest that dealers will actively 

manage their inventories towards a desired target. The asymmetric information based 

models examine the strategic interaction between competing dealers when trading with 

each other. In addition, Froot and Stein (1998) suggest that dealers will hedge away all 

those risks that they cannot actively manage with skill in order to make a profit. Any 

combination of these theories suggests that the level of interdealer trading activity will 

vary across bonds and over time. We investigate in this paper the cross-sectional and 

time-series determinants of the level of interdealer trading activity. We examine the 

interaction between the main methods available to dealers for changing their risk 

exposure: interdealer trading, trading with the public, and trading in the futures market. 

From a regulatory perspective, we also examine the impact of interdealer trading 

activity on public trade price levels, the bid-ask spread, and price volatility' . 

The UK gilt market is an interesting ground to shed light on these important questions. 
The data of this paper includes the daily close-of-business positions of individual UK 

government bond dealers 32 in every UK government bond issue, and in related 
derivative contracts. Thus, we are able to measure the total risk exposure - from 

offsetting risk exposure between bonds, and between bonds and the relevant derivative 

contract - and hence examine inventory control from a more complete perspective. 
More importantly, of course, government bonds behave quite differently from equities. 

For empirical findings on market reform, trade transparency and cross-market impact in the UK 
equity markets see e. g. Naik and Yadav (1999), Board & Sutcliffe (2000) and, more recently, Board, 
Sutcliffe and Wells (2002) 
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The former are more affected by macroeconomic news, suffer less from asymmetric 
information, and carry less security specific risk. Also, for fixed coupon, non-callable, 
UK government bonds, unlike equities, there is no uncertainty in the cashflow stream. 
Individual stocks, on the other hand, are sensitive to company specific news and 

rumour, have uncertain income streams, experience greater asymmetric information 

across different types of investors/dealers and, as a result, carry much higher security 

specific risk. In terms of managing risk, dealers in government bonds can apply the 

same general principles of duration, twist, etc. in assessing risk exposure. Also, they 

can do this measurement of risk to a relatively high degree of accuracy. This, in turn, 

allows them to manage their risk as closely as they wish to. In addition, they often have 

access to highly liquid futures contracts that can be used to offset a significant portion 

of the risk or reinforce directional bets. 33 Finally, bonds of similar maturity being near 

substitutes, makes the reinforcement or offsetting of term structure risks possible using 
inventory control of individual bonds without recourse to, or in addition, to derivative 

contracts. To the extent that the behaviour of dealers has an impact on bond prices, 
both volatility and bid-ask spreads, the issuing government agency should be interested 

in the trade between dealers. In addition, to be perceived as being fair, the prices 

offered by dealers to the public should not be significantly disadvantageous compared 

with the prices offered to other dealers. 

Using gilt-by-gilt inventory and trade data for each dealer, as well as those dealers' 

positions in the long gilt futures contract, we find the following. Idiosyncratic risk is a 
deterrent to interdealer trading whereas systematic (hedgeable) risk is correlated with it. 

Across time, the dispersion of beliefs of dealers as measured by their start-of-day 
inventory, and the extent of public trading drive the extent of interdealer trading. The 

extent of interdealer trading increases with proximity to the liquid futures contract and 
dealers often trade with other dealers to reinforce the change in risk exposure from 

trading with the public. Conversely, we find that for risk management purposes dealers 

do not rely solely on derivative contracts. In addition we find that interdealer trading 

often, but not always, reduces risk exposure deviation from the long term mean and 

32 The term GEMM, pronounced "gern! ', for Gilt-Edged Market Maker, is often used to describe dealers 
in the UK government bond market. 
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portfolio consideration effects are observed in inventory management. Dealers use 
futures to reduce the net change in exposure from trading with the public and other 
dealers. Although on average dealers use futures to offset their change in exposure 
from public and interdealer trades, they use futures to a limited extent on days when 

they use interdealer trades to reinforce changes in exposure from trading with the 

public. The extent of interdealer trading does not affect the volatility of prices of public 
trades and is negatively correlated with effective bid-ask spreads when trading with the 

public. For the universe of gilts, the prices bid and offered to the public are, on average, 
4.5 basis points worse than the corresponding prices bid and offered to the public. 

This paper is organised as follows. Section 2 is a review of the previous. Section 3 

describes the UK government bond market and the data. Section 4 contains the 

empirical analysis and results, and Section 5 concludes. 

2. Literature Review 

The previous empirical and theoretical research on interdealer trading has focused on 

various aspects of interdealer trading. The theoretical literature has revolved around 

explaining the reason for the widespread existence of interdealer trading, strategic 
interaction between dealers, and the potential benefits and costs of interdealer trading 

(Ho & Stoll (1983), Vogler (1993,1997), Saporta (1997), Vayanos (1998), 

Viswanathan & Wang (1998), Naik et al (1999)). A more recent theoretical model by 

Massa & Simonov (2002) which the authors also test empirically examines the strategic 
interaction between dealers. In other empirical work, researchers have tried to explain 
features such as the use of interdealer trading for hedging extreme exposure (Reiss & 

Werner (1998)) or passing on inventory risk repeatedly like a "hot potato" (Lyons 

(1997)), and the choice of venue when faced with parallel markets for interacting with 

other dealers (Reiss and Werner (2002)). Locke and Sarajoti (2001) examine a specific 

case of interdealer trading where it occurs in the same venue as public trading. Our 

work is similar to that of Reiss and Wemer (1998) in that we examine the inventory 

33 Naik and Yadav (2002b) show that GEMMs use futures "actively" to take directional bets i. e. by 
often holding futures that are in the same direction as the spot. They actively use futures to hedge 
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control behaviour of dealers via interdealer trades. However, our effort is not 

specifically focused on the changes or levels of extreme risk exposure only, but 

examine the whole range of interdealer trading behaviour. In addition, the availability 

of near substitutes and a liquid futures contract for hedging risk exposure in the UK 

government bond market allows additional interesting issues to be addressed. 

The microstructure of the UK gilt market has also been studied previously. Hansch & 

Saporta (1999) estimate dealer revenues split between bid-ask spread income and 

profits from position taking. They conclude that order flow information is valuable to 

dealers but only a few make positive profits. Vitale (1998) examines two months of 

trading for a single UK gilt and through a structural model of the price process 

concludes that dealer inventories do not alter the price process in the gilt market. He 

finds that in contrast to public trades, interdealer trades contain information whilst at 

the same time facing smaller transaction costs. In contrast, in this paper we find that 

dealers trade with each other at more favourable prices than those at which they trade 

with the public, suggesting a lack of infonnation content in interdealer trades. 

Proudman (1995) examines the role of trades in the formation of gilt prices. He finds 

that no information is revealed by the trading process and even large trades do not affect 
the price level. In addition, he finds that the effect on prices of inventory is not 

significant. We do not reach similar conclusions. We find that bid-ask spreads are 
lower on days of increased interdealer activity. Since dealers trade with each other to 

manage their inventory, it follows that inventory control by dealers affects prices. 
However, we also find that after controlling for the level of public trading activity, 
increased interdealer trading does not increase the volatility of public trade prices. 

From a risk management perspective, Naik and Yadav (2003b) show that gilt edged 

market makers use futures "actively" to take directional bets i. e. by often holding 

futures that are in the same direction as the spot. They actively use futures to hedge 

changes in the spot exposure, as opposed to hedge the level of the spot exposure. We 

extend their analysis examining the three-way interaction between changes in risk 

exposure due to trading the liquid futures contract, trading with the public, and trading 

with other dealers. 

changes in the spot exposure, as opposed to hedge the level of the spot exposure. 
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3. The Data and Salient Features of the UK Government 

Bond Market 

3.1 The UK Government Bond Market 

Trading in UK government bonds is organised on the London Stock Exchange in a 

competitive dealership environment with several dealers competing with each other to 

execute the public order flow 34 
. Typically, there have been about 15 to 20 firms making 

a market in UK Government bonds. We refer to trades done between dealers and the 

public as "public trading" and between dealers as "interdealer trading". During our 

sample period, each dealer firm was required to be an independent legal entity 

capitalised separately from the parent firm, and required to be registered with the Bank 

of England, the supervising regulatory authority. Individual dealers were required to 

report to the Bank of England their daily close-of-business inventory positions in each 

government bond issue as well as in all related derivatives contracts. 

3.2 Data 

The data used in this study consists of 2 independent datasets. The first is the daily 

close-of-business reports filed with the Bank of England from I" August 1994 to 
3 oth September 1994 (44 days) and includes go giltS35 . Appendix A contains details of 
these gilts. In 1994, the total turnover in gilts was f 1545 billion in about 700,000 trades, 

corresponding to an average trade size of E2.2 million 36 
. However, the median trade 

size was much smaller, less than E0.1 million. In August 1994, there were ninety 
different issues of gilts with a nominal outstanding value of E205 billion 37 

. The 90 

bond issues can be divided into two broad categories: Nominal bonds and Real 

(Index-linked or inflation-adjusted), and within Nominal bonds by maturity into Long 

34 See Proudman (1995), Vitale (1998) and Hansch and Saporta (1999) for microstructural details of the 
UK government bond market and Hansch et al. (1998,1999) for microstuctural details of the UK 
equity market. 

35 The Bank of England coded the names of the dealer firms whose inventory positions we analysed. 
36 Source: London Stock Exchange Quarterly Oct-Dec 1994. 
37 The British Government's National Debt has a long and interesting history. In 1694, King William the 

third, and the parliament were seeking ways to fund war with France. Their solution was to set up the 
Bank of England and entrust it the task of raising fl. 2 million through public subscription. To be 
precise, the financiers who took up the first issue of the National Debt of E 1.2 million were given the 
charter to form a bank that became the Bank of England. Although King William's fund raising 
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bonds (greater than 15 years), Medium bonds (between 7 and 15 years) and Short 

maturity bonds (less than 7 years). Real bonds differ from the Nominal bonds in a 
fundamental way since the coupon payments and the principal are adjusted in line with 
the UK Retail Price Index with an eight-month lag. In our sample there are 76 Nominal 

bonds comprising 90% of the total value. These include 15 Long-dated bonds 

comprising of 18% of the total value; 33 Medium-dated bonds comprising 41 % of total 

value; 28 Short-dated bonds comprising of 31% of total value. There are 14 

index-linked bonds comprising of 10% of total value. During our sample period, there 

was no Strips market or Repo market in the UK Government bonds. These 

developments took place in 1996-97. 

The data provides individual dealers' inventory positions - number of bonds and 

whether long or short - in each bond issue, and number of contracts - long or short - in 

related derivatives contracts. We analyse the close-of-business positions of a total of 
fifteen registered UK government bond dealers. Out of these fifteen dealers, five 

dealers report positions in seventy or more bonds, six dealers between fifty to seventy 
bonds and remaining four dealers in less than fifty bonds. The second part of the data is 

confidential audit trail transactions data documenting price and quantity information on 

all transactions in all securities traded on the London Stock Exchange. "Marrying" of 
the two datasets provided a check on the quality of the Bank of England data. We found 

that there was an exceptionally high degree of consistency between the two datasets, 

which gave us a high level of confidence in the accuracy of both the London Stock 

Exchange data and the Bank of England data38. 

Dealers are required to report their positions in all related derivatives contracts. We 

find, however, that the only derivatives they have reported in their inventory position 

reports to the Bank of England are long-term bond futures contract (called the Long 

Gilt Futures contract) and the three-month interest rate futures contract (called the 

Short Sterling Futures contract). Both these contracts are traded on the London 

exercise was completed within days, it set a pattern that continues to the present day. The British 
Government still raises fimds by the issue of loan stocks through the Bank of England. 

39 The only inconsistency we occasionally observed was that we sometimes found trades just before 
market close being reported by the dealer to the Bank of England on the following day. The high 
quality of the Bank of England data is also confirmed by Hansch and Saporta (1999) in an 
independent study examining trading revenues of bond dealers. 
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International Financial Futures Exchange (LIFFE). These positions are typically in the 

nearest maturity contract, rolled forward to the next maturity contract in the expiry 

month. Between these two contracts, more than 99% of the futures risk exposure is in 

the Long Gilt Futures. , 

In particular, no dealer has reported any positions in options on interest rate futures 

contracts. This may be because during our sample period, the options market in 

London was relatively illiquid and not very deep. In particular, the average net 

exposure corresponding to the total open interest in option contracts on Long Gilt 

Futures was of the order of 2% to 3% of the average net exposure corresponding to the 

total open interest in Long Gilt Futures contracts. It is possible that bond dealers do use 
interest rate options but have not reported these positions to the Bank of England. If 

this is correct, non-inclusion of these positions can potentially introduce noise, or even 

a bias, in some of our inferences. However, we believe that any potential error 
introduced by non-inclusion of option positions is likely to be very small. This is 

because the exposure corresponding to the open interest of all interest rate option 

positions traded on the exchange is an order of magnitude (about ten times) less than the 

collective exposure corresponding to the futures positions of our dealers. 

Dealers have also not reported any swap positions to the Bank of England. We believe 

that it is very unlikely that these independent bond market dealer companies (as distinct 

from their parents or affiliates) hold significant swap positions. These separately 

capitalised companies are specifically in the business of providing short-term liquidity 

in the bond market and hence not likely to take medium to long term positions in the 

over-the-counter market, or actively use the swap market for managing their risk on a 

day-to-day basis. 

3.3 UK Government Bond Interdealer Brokers 

During the two-month period of the data there were three interdealer brokers. The 

largest of the three interdealer brokers accounts for 43.5% of the total value of trading 
in the interdealer market. Its aggregate dominance is because of its dominance in the 

less actively traded gilts. The second largest of the three brokers accounts for 38.5% of 

the value of interdealer trading. The smallest broker accounts for 18% of the value of 
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trading with very little presence in the less actively traded gilts. Trading occurred via 

one of these interdealer brokers. The dealer who hits a bid or lifts an offer on an 
interdealer broker's screen is the party that pays a nominal fee (less than one basis 

point) to the interdealer broker. 

3.4 Trading Activity in the Interdealer Market 

Trading between dealers differs from trading between dealers and the public along 

various dimensions. From a trading activity perspective, we note that over the 

two-month period of investigation dealers executed approximately 10,000 trades with 

other dealers versus approximately 38,500 executed with the public, a ratio of 1: 4. The 

E-value of trades on the other hand were E40bn versus E88bn, respectively, a ratio 

closer to 1: 2. In general, interdealer trade sizes are larger, a median of E2.613mn versus 

only MO I 4mn for public trades. 

For a large part of the analysis we focus on the 30 most active giltS39, as measured by 

number of trades, in the interdealer market. Table 1 shows a summary of the activity in 

these gilts. These more actively traded gilts make up 89% of the total number of all 

interdealer trades and 91% by value. The top 5 gilts themselves make up almost 40% of 

the interdealer trading by value and number of trades. The most active gilt is the 

five-year benchmark gilt of the time (maturity of 10th August 1999). The value of 

interdealer trading in this gilt is 63% of the total value of trades done in this gilt with the 

public. For the top 30 gilts there is no apparent concentration of interdealer trading at 

any particular maturity along the yield curve. We can also see that interdealer trading 

makes up a significant proportion of total (public plus interdealer) trading activity as 

measured by both value (median 33%) and number of trades (median 27%). 

Table 2 shows how interdealer trading varies across dealers. Dealer #2 was in the 

process of winding down its market making activity. The various dealers control 

different proportions of the market in trading with the public and with other dealers. In 

addition, the extent to which they use the interdealer trading compared with trading 

with the public also varies substantially (from 5% to 63%). 
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3.5 Measure of Risk Exposure 

We compute the systematic risk of a dealer's bond portfolio using a single factor 

empirical risk model and gilt and futures prices from August 1994 to December 1995. 

Our empirical measure of the systematic risk of a bond is based on the number of 
futures contracts one needs to trade to hedge the systematic (or hedgeable) risk of a 
bond position. Although during the 1994-95 period, there existed both short-term 
futures contracts on three-month deposits (called Short Sterling Futures), as well as 
long-term bond futures contracts (called Long-Gilt Futures), we find that an 

overwhelming majority of dealers use only Long-Gilt Futures. Even the dealers who 

report positions in both Short Sterling Futures and Long Gilt Futures, have relatively 

small positions in Short Sterling Futures and these positions are typically held only for 

a few days 40 
. In contrast, the dealers report large positions in Long Gilt Futures on 

almost all days and these positions change substantially from day to day. This leads us 

to believe that dealers consider the Long Gilt Futures contract as "the futures contract" 
for managing their spot risk via the futures market. Therefore, we use the "beta! ' of a 
bond vis-A-vis the Long Gilt Futures contract as our empirical measure of the risk of 

that bond. We estimate the systematic risk fl, of the bond by regressing the daily bond 

return on the daily return on a Long Gilt Futures contract. In particular, we run the 

following regression 

Rj, t =a+, 8jRf, t + qj, t (1) 

where Rp is the return on bondj from day t-1 to day t; Rf, is the return on the Long Gilt 

Futures contract from day t-I to day t; and 6, is the slope coefficient or the "beta" of 

that bond vis-A-vis the Long Gilt Futures contract. 

39 Where the impact of illiquidity on interdealer trading activity is being investigated, we consider all 90 
gilts. 

40 one of the reasons why dealers may not be using Short Sterling Futures to any significant extent, may 
be that it is written on LIBOR (and hence potentially defaultable bank deposit yields) rather than on 
(default-free) UK Government T-Bill/bond yields. Also, during the sample period the contract was 
not very liquid. Given the short duration of the contract, a dealer would have to trade a large number 
of these contracts, and this could be difficult if the contract is not heavily traded 
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To make the empirical measure represent the change in wealth corresponding to a 1% 

change in interest rates, we define the empirical measure based on the duration4l of the 

cheap est-to-deliver (CTD) bond for the futures contract, multiplied by the weighted 

average of the pound sterling value of the position held in different bonds, with the 

bond "betas" as the weights. We define and use "proximity to the futures contract" as 

being the proportion of return variance that is explained by the systematic risk 

component. 

We define the empirical (beta based) Spot Exposure of dealer k as at the end of day t as 

SkE 
go Vk 6j,, Df, 

t 1: J. 1 
j-1 100 

(2) 

where Vk is the Pound value of the position (duly signed) of dealer k in bondj at the J, t 

end of day t; Bj,, is the systematic risk of bondj on date t, and Df, t is the duration of 

the futures contract (based on the cheapest to deliver bond) at the end of day t. 

Ii 42 4. Empirical Ana ys s 

4.1 Cross-sectional Determinants of Interdealer Trading Intensity. 

The extent of interdealer trading as a fraction of total trading varies considerably from 

the most liquid to the least liquid bond. The Ho & Stoll (1983) style inventory 

risk-sharing based models suggest that increased public trading would induce greater 
interdealer trading. From a risk management perspective, the greater the total risk of 

the bond the greater might be the extent of interdealer trading. However, in addition, in 

the presence of a liquid futures contract available for hedging a significant proportion 

of the risk of a bond, one would expect a lower degree of interdealer trading for those 

bonds with a larger systematic risk component. Thus to determine the main factors that 

drive the extent of aggregate interdealer trading intensity across gilts we run the 

following regression on all gilts: 

" Duration of CTD contract provided by LIFFE. 
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(Share 
(Proximity' 

ID Intensityj =a+, B - of Public +y 
to the Idiosyncratic 

+ -J (3) 

,, 
Activity 

j 
Futures 

(Risk 

Contract 

where, for giltj =I to 90: 

ID Intensityj = 
value of bonds traded in the ID market for gilt j 43 

total value of bonds traded in the Public and ID market for gilt j 

Share 

of Public -# 
bonds traded in the Public market for gilt j 

,, Activity j 
total # bonds traded in the Public market for all gilts 

Proximity' 

to the hedgeable (using futures) risk (variance) component for gilt j 

Futures total risk (variance) for gilt j 

\Contract j 

Idiosyncratic 
total risk (variance) minus hedgeable risk (using futures) for gilt 

Risk 

The results are shown in Table 3. The t-statistic for 6 is not significant so we cannot 

say if across gilts, those more active in the public market are also more active in the 

interdealer market. The significance of the coefficient y suggests that proximity to the 

futures contract is correlated with increased interdealer trading. This implies that 

interdealer trading activity for bonds that can be hedged using a liquid futures contract, 

rather than being lower, is actually higher. There could be many competing reasons for 

this, e. g. willingness of dealers to be active in those bonds which they can hedge in the 

41 Unless specified otherwise, all significance tests are at two-tail 95% confidence, and significant 
t-stats are shown in bold typeface rather than italics 

43 The results are qualitatively the same when using duration based exposure instead of f value for 
calculating the share of public activity. 
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futures market, or e. g. the risk of information leakage being greater in the open outcry 

pit of the futures market compared with an anonymous interdealer market. We extend 

this particular analysis of the interaction between changes in risk exposure from various 

sources (public trading, interdealer trading, futures trading) in Section 4.4 to get a better 

understanding of dealer behaviour. The significantly negative 8 suggests that dealers 

are less keen to trade with other dealers in those bonds that have higher idiosyncratic 

risk that cannot be hedged using the futures contract. 

4.2 Time-series Determinants of Interdealer Trading Intensity 

For any given bond, there is considerable variation over time in the extent of interdealer 

trading. From an individual inventory control perspective, we expect the extent of 

public trading to impact on this. In addition, from a sharing of risk perspective, we 

expect the dispersion of beliefs across dealers to drive the degree of trading between 

dealers. We run the following regression to examine the primary idiosyncratic 

determinants of the time-series variation in aggregate interdealer trading intensity: 

ID 
+ . 

(Public Publicity) 
+ 

(ODispersion) 
+ Aj 

(ID ) 
=a, + YJ 5fsn 

Intensity , 
flj 

Intensity), 
j-, 

(Intensi 

J4 
Jo Belief, 

J. 1-1 
tensity),., 

_, 

where, for giltj =1 to 90: 

# bonds traded in the ED market for gilt j on day t 

Intensity) mean # bonds traded in the ID market for gilt j across all days 

Public # bonds traded in the Public market for gilt j on day t 
ýIntensity),,, mean # bonds traded in the Public market for gilt j across all days 

Dispersion cross - sectional (across dealers) variance of 

of Beliefs standardised inventory" in gilt j on day t 

(standardised) inventory in gilt j on day t- mean inventory in gilt j across all days 
inventory )j,, standard deviation of inventory in gilt j across all days 
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The results in Table 4 confirm that interdealer trading is highly correlated with the 

extent of trading by the public. Dealers also trade more with one another on days when 

their relative inventories at the start of the business day are more disparate. Combined 

with the results of Section 4.4, this suggests that interdealer trading assists in the 

pooling of aggregate dealer risk. The absence of significant t-statistics for 8, and A, 

suggest that any adjustment of risk via inventory transfer between dealers is within the 

same trading day. 

4.3 Does Interdealer Activity Increase with Distance from the 

Target Inventory 

In line with Reiss & Werner (1998) we check the classical Ho & Stoll (1983) type 

inventory control models, to see if the extent of interdealer trading increases with 

distance from the "mean inventory", which serves as an imperfect proxy for the target 

inventory. 

"Dealer " "Distance 
ID Specific +, 8j - from 

(Intensity)j, 

t 
= 

, 
Intercept,, 

, , 
mean inventory, 

where, for giltj =1 to 30: 

Distance 
inventory in gilt j on day t- mean inventory in gilt j across all days 

from 

, mean inventory, 
j, 

standard deviation of inventory in gilt j across all days 

We also repeat this by pooling all gilts: 

"Dealer ) "Distance 
ID Specific +P. from + Ct 
Intensity)t = 

jntercept) 
, 
mean inventory,, 
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and also with a single intercept: 

Distance 
ID 

ty) 
a +, a. from + Ct 

(Intensil 

mean inventory., 

The results in Table 5 suggest that dealers engage in more interdealer trading when they 

are further away from their target inventory. However, it is not clear from these results 

if their trading with other dealers increases or reduces their distance from the target 

inventory. We investigate this further in the next section. 

4.4 Does Interdealer Activity Reduce the Distance from the Target 

Inventory 

Having seen that there is an increase in interdealer trading as a dealer moves further 

from his target we then examine if the level of interdealer trading reduces or reinforces 

the distance from the target inventory. We do this by comparing the proportion of 
interdealer trades 44 that reduce the distance from the target inventory as a fraction of the 

total. If dealers use interdealer trades solely for the purpose of inventory management 
i. e. reducing the distance from the target inventory we would expect this fraction to be 

close to one. If the use of interdealer trades were used equally to reinforce position 

taking and inventory management we would expect this fraction to be close to O. S. 

Table 6 shows that dealers' trades with other dealers to reduce (61% of the time 45) their 

exposure more than increasing it (39% of the time). 

To better understand the risk management behaviour of dealers we focus on the 

interaction between changes in systematic risk exposure from trading bonds with the 

public and trading with other dealers. We run the following sets of regressions. 

dFk, t =as+ s* dSk, 
t 

+ '60 k 
flk (8) 

44 We exclude dealer # 2, which was winding up its market making operations from this analysis, as it 
accounts for only 0.1% of interdealer trading by value of bonds traded. 

45 This is statistically different from 50% 
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P j- dPublic k 
Pkj 

j+ 
d, Dk, 

t 
aP+kk, 

t (9) 

dFk, t v 
dIDk,, and dPub"C k, are changes to the end-of-day systematic risk exposure 

of dealer k, on day t, attributed to trading the long-gilt futures contract, trading with 

other dealers, and trading with the public. dSk, t is the corresponding total change to 

the end-of-day systematic risk exposure from trading gilts only (with the public and 
with other dealers). 

Table 7(a) shows that regression 8 confirms the findings of Naik and Yadav (2003) - 
dealers use futures to hedge changes in their systematic risk exposure from trading 
bonds. The results of regression 9 in Table 7(b) reconfirm the findings of Table 6, that 
interdealer trading helps to neutralise changes in systematic risk exposure from trading 

with the public 46 
. We extend this analysis with further conditioning: 

dFk, 
1 -'ý Ctk + ßk dPub"C k� + yk dIDk, t +ßsDstdPub"C k. f +ysDS, dID�, + Ck, 

t k k. k k. 

where Dks, is a dummy variable, equal to one, when the net change in exposure for 
,t 

dealer k on day t from trading with the public is of the same sign (i. e. direction) as the 

change in exposure from trading with all other dealers. The estimated coefficients Bk 

and Yk shown in Table 7(c) confirm again that dealers use futures to hedge changes in 

their exposure as a result of trading with the public or other dealers. In addition, the 

coefficients 6ks and ys show that on days when dealers reinforce their change in k 

exposure from trading with the public with trading with other dealers, their use of 
futures to hedge the net change in exposure from these two sources is lower. We 

conduct a series of two-tailed Mests on each dealer k to check for equality of means of 

the distributions of 
(dPub"Ck, 

t 
+dDk. 

t) and Dks., t 
(dPub"Ck, 

t 
+dDk,, 

)*We 
find that on 

average the change in net exposure from trading with the public and with other dealers 

is statistically larger on days when these two sources of exposure change are 

reinforcing rather than offsetting. Combining this knowledge with the estimates of 

regression equations (8), (9) and (10) we can conclude that dealers actively manage 

46 Hansch, Naik & Viswanathan (1998) confirm that, on the London Stock Exchange, dealers' trades 
with each other offset their trades with the public. 
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their net change in exposure so as to sometimes 47 reinforce, using interdealer trades, 

changes in exposure from trading with the public, whilst at the same time using futures 

to only a limited extent for hedging. On the other 62% of days, dealers' public trades 

are offset by both their interdealer trades and their futures trades. 

4.5 Is Increased Interdealer Activity Associated with Increased 

Volatility in Public Prices? 

We check to see what impact the level of interdealer trading activity has on public 
trades. First, we check to see if there is increased volatility in public prices on days 

with higher interdealer activity. We run the following regression: 

Price 
Y) 

"bli 

= a, 
,+ (ID Public 

Volatilit 
., 

Intensity)j,, + yj * 
(Intensity)j,, 

+ 6j" 

where, for giltj =I to 30: 

Price 
Public (Std - dev Std. - dev ) Public 

(Volatility)j,, 
max of all intraday, of all intraday 

,. 
bid prices ask prices ) Jt 

(14) 

Since interdealer trading activity is correlated with public trading activity, and because 

we would like to examine the incremental impact of interdealer trading (that is not 
directly related to public trading) on the volatility, we also repeat the test using that 

component of interdealer trading that is orthogonal to public trading i. e. 

Price 
Public 

ID OHh Public 
Volatility),., = a, +pj - 

(Intensity)j,, 
+Yj . 

(Intensity)j', 
+ ei" 

where 
ID 

tY)OrIh 
are the residuals of the regression: 

(Intensi 

J'I 

47 38% of the time. 

(15) 
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ID Public 
Intensity) 

Oj + 01 - 
(Intensity)j,, 

+ (16) 

Table 8 shows that although public trading intensity is correlated with larger bid-ask 

spreads for the public, the intensity of interdealer trading does not appear to be So. 49 

4.6 What is the Impact of the Level of Interdealer Activity on 
Public Spreads? 

Next, we check if a greater level of interdealer trading activity is associated with larger 

effective spreads. We run the following regression: 

Effective nwic 
= aj + )6j . 

(ID 
+6 J-' 

(Spread )JI, 

Intensity)JI, 

where, for giltj =I to 30: 

Effectiv Public 
(average across 8 hours" Public 

(Spread e)j,, 
= of all intrahour 

, ask minus bid prices 
', J, $ 

(17) 

Table 9 shows that the intensity of interdealer trading is negatively correlated with 

public spreads. One suggestion is that dealers look to trade with other dealers when 
they observe that spreads earned from trading with the public are small. However, this 
is extremely unlikely because (a) dealers are unlikely to be able to measure effective 

spreads accurately in real-time; (b) the fee earned from trading on the interdealer 

market is tiny compared with the size of the effective spread earned from public trading 

(see Section 4.7). 

48 The results are qualitatively unchanged if the order of orthogonalisation is reversed 
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4.7 Do Interdealer trades occur at better prices than Public 

Trades? 

Next, we measure the extent to which prices bid/offered to the public are worse than 

prices bid/offered to other dealers. We compute price differences between bid and ask 

prices and between public and interdealer trades. These differences are computed by 

first averaging intraday trade prices for each gilt. These average daily prices are then 

used for computing the differences between prices. 

The diagram below shows the differences (measured in basis points) between prices 

along with their t-statistics in parentheses. We see that, on average, dealers sell to (buy 

from) the public at prices 4.5 basis points worse for the public than when trading with 

other dealers. 

PublicSell 

4.3 
15.1 (3.728) (3.022) 

(2A00) IDBuy IDSell 
6.1 

(2.539) 4.5 
IF 307) 

PublicBuy`tý 

It does not necessarily follow that dealers engage in some forin of collusive action. On 

the contrary, it is possible, as we saw in Section 4.6, that the absence of interdealer 

trading might lead to larger effective spreads for the public. 

Conclusion 

In this paper we examined the behaviour of trading between dealers in the UK 

government bond market. This spot market is characterised by primary risk factors that 

are driven by public macro-economic information. In addition, for hedging there exist 

liquid futures contracts as well as numerous close spot market substitutes. We tested 

various hypotheses to enhance our understanding of how dealers use the interdealer 
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market and how the features of the securities themselves affect their activity in the 
interdealer market. The findings of this paper contribute significantly to our 

understanding of dealer behaviour in general, and specifically for the UK government 
bond market. We find that, cross-sectionally, idiosyncratic risk is a deterrent to 
interdealer trading but total risk is correlated with it. Dealers often hedge the primary 

risk factor that can be hedged via the liquid futures contract by trading with other 
dealers. This suggests that interdealer trading supplements risk management via 
derivatives. Also, the risk exposure over time is hedged partially via interdealer trading 

and we find that portfolio considerations play a part in this. There appears to be some 

pooling of risk across dealers who are heterogeneous in their beliefs about future prices 

as represented by their inventories. Dealers use futures to reduce the net change in 

exposure from trading with the public and other dealers. Although on average dealers 

use futures to offset their change in exposure from public and interdealer trades, they 

use futures to a limited extent on days when they use interdealer trades to reinforce 

changes in exposure from trading with the public. In favour of interdealer trading we 
find that effective bid-ask spreads in the public market are negatively correlated with 
the extent of interdealer trading. We also find that interdealer trading does not produce 

more volatile prices in the public market even after controlling for correlation between 

public and interdealer trading activity. Finally, we find that prices bid and offered to 

the public are in the region of four basis points worse than corresponding interdealer 

trade prices. These findings help to significantly strengthen our understanding of the 

behaviour of trading between dealers, and the relationship between this trading and 

market prices for public investors. 
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Appendix A: Names and Amounts Outstanding of the UK 

Government bonds 
Amount Em 

9 Treasury 1994 
12 Ma Exchequer 1994 
10 % Exchequer 1995 
12 % Treasury 1995 
12 Treasury 1995 
10 Conversion 1996 
15 % Treasury 1996 
13 % Exchequer 1996 
14 Treasury 1996 
8 3/4 Treasury 1997 
10 Y2 Exchequer 1997 
7 Treasury Conv 1997 
13 % Treasury 1997 
15 Exchequer 1997 
7 1/4 Treasury 1998 
12 Exchequer 1998 
9 3/4 Exchequer 1998 
15 1/2 Treasury 1998 
6 Treasury 1999 
Floating Rate 1999 
12 % Exchequer 1999 
9 1/2 Treasury 1999 
10 1/4 Conversion 1999 
10 1/2 Treasury 1999 

9 Conversion 2000 
8 Treasury 2000 
13 Treasury 2000 
8 1/2 Treasury 2000 
7 Treasury'2001'A 
10 Treasury 2001 
9 3/4 Conversion 2001 
9 1/2 Conversion 2001 
9 3/4 Treasury 2002 
9 Exchequer 2002 
10 Conversion 2002 
9 1/2 Conversion 2002 
B Treasury 2003 
10 Treasury 2003 
9 3/4 Conversion 2003 
5 3/4 Treasury 2004 
9 1/2 Conversion 2004 
10 Treasury 2004 
8 1/2 Treasury 2005 
9 1/2 Conversion 2005 
7 3/4 Treasury 2006 
9 3/4 Conversion 2006 
3 1/2 Treasury 2007 
) Treasury 2008 

i'l 

3,700 

7 

935 
5,900 
2,500 
3,050 
11900 
1,798 
1,252 

5,358 
4,80C 
3,171 

109 
2,500 

21 

7 

11 

3.412 
20 

8,900 
4,842 
3,900 

6 
5,497 
5,321 

3/4 Treasury 2017 
Treasury 2013 
Treasury 2012 
Conversion 2011 
1/4 Treasury 2010 
Treasury 2009 

113/4 Treasury 2003/2007 
12 1/2 Treasury 2003/2005 
8 Treasury 2002/2006 
11 1/2 Treasury 2001/2004 
13 1/2 Treasury 2004/2008 
6 3/4 Treasury 1995/1998 
12 Exchequer 2013/2017 
5 1/2 Treasury 2008/2012 
14 Treasury 1998/2001 
7 3/4 Treasury 2012/2015 
3 1/2 Funding 1999/2004 
12 Exchequer 1999/2002 
13 3/4 Treasury 2000/2003 
15 Exchequer 1990195 

3 112 War 
3 1/2 Conv 
2 1/2 Treasury 
4 Consolidated 
2 112 Consolidated 
3 Treasury 
2 1/2 Annuities 
2 3/4 Annuities 

1/2 I-L Treasury 2001 
1/2 I-L Treasury 2003 
3/8 I-L Treasury 2004 
I-L Treasury 2006 
1/2 I-L Treasury 2009 
1/2 I-L Treasury 2011 
1/2 I-L Treasury 2013 
1/2 I-L Treasury 2016 
1/2 I-L Treasury 2020 
1/2 I-L Treasury 2024 
1/8 I-L Treasury 2030 
I-L Treasury 1996 
5/8 I-L Treasury 1998 
1/2 I-L Treasury Conv 1999 

nt Em 

6,950 
4,950 
5,150 
4,273 
4,750 
3,100 

3,150 
2,200 
2,000 
1,620 
1,250 
1,200 
11000 
1,000 

970 
800 
543 
105 
53 

214 

1,909 
119 
475 
359 
275 
56 
3 
1 

1, 
1, 
1, 
1, 
1, 
1, 
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Tables 

Interdealer Trades Public Trades 

# SEDOL 
Issue 
(Emn) Maturity 

Term* 
(Yrs) # 

cum 
% 

ID 
% 

value 
(, Cmn) 

cum 
% 

ID 
% # 

cum 
% 

value cum 
(f, m n) 

1 868983 6,250 1 O-Au g-99 4.9 1 ý276 13% 44% 4,992 12% 38% 1,627 4% 7,980 9% 
2 888961 6,500 26-Nov-04 10.2 732 20% 30% 2,634 19% 33% 1.737 9% 5269 15% 
3 892939 8,050 30-Mar-98 3.6 716 27% 30% 3,690 28% 30% 1,682 13% 8,444 25% 
4 72720 6,150 10-Jun-03 8.8 654 34% 28% 2,228 34% 33% 1,644 17% 4,577 30% 
5 893114 7,350 25-Aug-17 23.0 557 39% 37% 1.674 38% 32% 946 20% 3,503 34% 
6 903206 5,550 01-Sep-97 3.0 441 43% 22% 1.836 42% 28% 1,598 24% 4.706 39% 
7 892058 7,233 06-Nov-01 7.2 416 48% 29% 1,809 47% 34% 1,018 27% 3,583 43% 
8 898681 6,527 27-Aug-02 8.0 345 51% 26% 1,553 51% 32% 978 29% 3,307 47% 
9 902184 3,409 15-Nov-96 2.2 327 64% 31% 1,696 55% 40% 717 31% 2,494 50% 

10 888080 5,933 07-Dec-05 11.3 317 57% 54% 1,617 59% 31% 273 32% 3,555 54% 
11 889016 4,083 25-Nm-10 16.2 289 60% 40% 801 61% 34% 435 33% 1,543 56% 
12 902032 5,358 03-Mar-00 5.5 266 63% 19% 1,012 63% 30% 1,108 36% 2,344 58% 
13 898777 4,842 18-Apr-05 10.6 250 65% 27% 1.221 66% 33% 667 37% 2.495 61% 
14 221298 3,412 25-Oct-04 10.2 236 68% 33% 1.141 69% 24% 472 39% 3,553 65% 
15 912837 5,521 13-Oct-08 14.1 235 70% 27% 772 71% 33% 634 40% 1,579 67% 
16 912655 7,197 16-Jul-07 12.9 225 72% 23% 898 73% 37% 745 42% 1,526 69% 
17 325617 3,700 21-Feb-97 2.5 225 75% 23% 1,102 76% 37% 769 44% 1,881 71% 
18 326319 3,5W 19-Jan-98 3.4 169 76% 22% 879 78% 38% 590 46% 1,412 72% 
19 892188 5,817 27-Sep-13 19.1 168 78% 25% 555 80% 29% 490 47% 1,338 74% 
20 891602 3,900 08-Sep-06 12.0 136 79% 20% 514 81% 33% 551 49% 1,046 75% 
21 893846 5,284 06-Aug-12 17.9 130 81% 25% 452 82% 34% 398 50% 887 76% 
22 325275 3,909 20-Nov-98 4.2 129 82% 27% 662 84% 41% 346 50% 940 77% 
23 888251 7.233 06-Nov-01 7.2 118 83% 33% 726 86% 34% 241 51% 1,423 79% 
24 898302 2,417 17-Jul-24 29.9 98 84% 20% 162 86% 17% 385 52% 900 80% 
25 221522 5273 12-Jul-I 1 16.9 97 85% 26% 354 87% 31% 280 53% 775 81% 
26 898711 4,406 26-Feb-01 6.5 96 86% 17% 355 68% 28% 471 54% 900 82% 
27 912536 3.333 25-Sep-09 15.1 88 87% 15% 420 89% 41% 491 55% 599 82% 
28 687764 1.996 06-Aug-97 2.9 79 88% 36% 166 89% 27% 139 56% 450 E33% 
29 898625 2.506 08-Sep-03 9.0 74 88% 21% 385 90% 38% 271 56% 621 84% 
30 325015 3,050 26-Mar-99 46 73 89% 26% 355 91% 63%, 204 57% 1 316 84% 

Average (Top 30) 10.1 28% 
Average (all gilts) 13.2 13% 
Sum (Top 30) 8,953 36,682 
Sum (all gilts) 10,061 40,290 
Median (rop 30) 27% 

* Years to maturity from 1-Sep-94 

34% 72% 66 5/-. 
24% 87% 76% 

21,907 73,949 
38,507 87,976 

33% 

Table 1: Trading Activity in the Top 30 most active gilts 
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"Share 

ID Intensityj =a+ of Public 

k, 
Activity 

)j 

Variable 

adj-RA2 
# obs 

'Proximity" 

to the 
Futures 
Contract 

Idiosyncratic 
+ej 

Risk 

)j 

Coefficient t-statWic 
0.19 4.23 
-0.07 -0.06 
0.44 5.41 

-534.14 -2.87 

46.6% 
90 

Table 3: Cross-sectional Determinants of Interdealer Trading Activity 
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ID 
= (X . 

Publicty)j., Public 
+8 

(Dispersion ID 
+E 

Intensity 

),., 
I+ 

ý' 
( 

Intensi Intensity 

),., 

of Beliefs Intensity),., 
-, 

t-statistic 
Gil 

.t# aj J63 yj Jj Aj 
adj-RA2 # obs 

1 2.975 0.273 4.549 -1.485 0.114 36% 43 

2 -0.644 -0.306 4.044 1.201 1.525 41% 43 

3 2.087 0.819 2.886 -1.321 -0.280 23% 43 

4 0.558 0.721 3.884 0.321 -0.280 29% 43 

5 1.356 -1.296 1.256 2.554 -0.816 19% 43 

6 0.495 0.235 0.413 1.087 0.879 6% 43 

7 -0.605 0.672 4.040 1.665 -1.236 39% 43 

8 -0.436 -0.488 2.221 1.859 0.721 20% 43 

9 -0.578 0.670 3.222 2.022 -1.327 29% 43 

10 -0.360 -0.295 7.290 2.160 -0.236 74% 43 

11 -1.092 -0.548 5.960 2.501 -0.753 59% 43 

12 0.486 -0.334 2.051 1.061 -0.379 13% 43 

13 -0.423 0.138 3.095 1.212 -0.876 34% 43 

14 1.786 -0.895 -0.280 0.215 -0.406 4% 43 

15 0.853 -0.822 2.046 0.614 -0.422 12% 43 

16 2.266 -2.073 3.260 3.789 -0.837 43% 43 

17 0.151 0.255 0.781 1.692 -0.364 9% 43 

18 1.031 -0.433 1.886 1.049 -0.462 16% 43 

19 1.661 1.443 0.945 0.173 -0.265 9% 43 

20 0.286 1.986 0.145 0.234 0.276 15% 43 

21 0.424 0.147 2.685 0.121 0.671 17% 43 

22 0.300 0.103 2.250 -0.085 0.207 12% 43 

23 1.946 0.212 0.447 -1.114 0.355 4% 43 

24 -1.176 0.184 1.874 2.147 2.590 49% 43 

25 -0.025 -0.437 0.746 1.108 1.199 10% 43 

26 -0.894 -0-111 3.743 1.708 -0.096 33% 43 

27 -0-808 0.477 1.468 2.089 -0.733 18% 43 

28 0.187 -1.324 1.341 1.500 -0.662 17% 43 

29 0.815 -0.334 3.743 -0.495 0.798 30% 43 

30 -0.308 -0.617 3.315 1.407 -0.582 28% 43 

all 0.930 -1.145 17.034 5.559 1.620 21 % 1290 

Table 4: Time-series Determinants of Interdealer Trading Activity 
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ID 

Intensity 

'Dealer 

Specific 

Intercept 

t-statistic 

'Distance 

from 

mean inventory).,.,, 

Gilt # ýj 
adj-RA2 # obs 

1.907 1% 602 
2 1.740 1% 602 
3 1.413 0% 602 
4 2.848 1% 602 
5 4.427 3% 602 
6 2.594 1% 602 
7 3.573 2% 602 
8 2.538 1% 602 
9 4.071 3% 602 
10 19.612 40% 602 
11 1.882 1% 602 
12 2.664 1% 602 
13 3.792 2% 602 
14 0.560 0% 602 
15 1.493 0% 602 
16 3.744 2% 602 
17 2.262 1% 602 
18 7.177 9% 559 
19 1.402 0% 602 
20 2.932 1% 602 
21 1.055 0% 602 
22 8.040 11% 559 
23 2.072 1% 602 
24 -0.693 0% 387 
25 2.274 1% 602 
26 -0.097 0% 602 
27 0.412 0% 602 
28 6.182 7% 559 
29 2. fi6O 1% 559 
30 2.269 1% 473 

all gilts 15.004 2% 14448 with dealer specific intercepts 

all gilts 18.098 2% 17644 with single intercept 

Table 5: Does Interdealer Trading Increase with Distance from Mean 

Inventory? 
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dFk, 
t ocý' + Pý` - 

dSk, 
t 

+ F- k, t k. k 

coefficient t-stalistic 
Dealer 

k 
s 
k 5 

jqk 
s 
k s 

'ok adj-R, 112 
1 -419 -1.014 -0.015 -6.431 49% 
2 1619 -0.745 0.196 -4.741 34% 
3 68957 -0.127 0.997 -0.479 -2% 
4 7283 -0.928 0.364 -4.745 34% 
5 -2390 -0.682 -0.129 -4.070 27% 
6 4929 -0.903 0.802 -6.884 52% 
7 5905 -0.115 0.409 -0.615 -2% 
8 19147 -0.249 0.814 2.220 9% 
9 -12273 -0.998 -0.257 -12.333 78% 
10 2768 -1.070 0.103 -14.223 83% 
11 13679 -0.736 0.570 -4.126 28% 
12 8771 -0.464 0.121 2.349 10% 
13 -162 -1.163 -0-060 -18.194 89% 
14 -2287 -1.085 -0-130 -6.187 47% 
15 12059 -0.681 0.715 -8.514 63% 
all 7280 -0.787 0.818 -21.234 41% 

Table 7(a): Does Futures Trading offset Systematic Risk 

Exposure? 
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XDCt = (x p+ß"- dPublic 
., 

+ r- kkk kj 

coefficient t-statistic 
Dealer 

k ap k 8, P 
k ap k ýo 

p 
k 

adj-PA2 
1 -88147 -0.339 -0.020 -4.606 32% 
2 0 -0.045 0.000 -1.723 4% 
3 -214073 -0.004 -0.048 -0.052 -2% 
4 -171238 -0.253 -0.072 2.147 8% 
5 -75140 -0.260 -0.022 2.542 12% 
6 -149173 -0.343 -0.141 -3.374 20% 
7 -232233 -0.598 -0.084 -3.423 20% 
8 343325 -0.645 0.096 -5.781 44% 
9 858394 -0.176 0.101 -3.038 16% 
10 -201913 -0.013 -0.053 -0.241 -2% 
11 -1000456 -0.418 -0.226 -3.914 25% 
12 -1092250 -0.418 -0.151 -2.994 16% 
13 98464 -0.475 0.085 -4.775 34% 
14 311377 -0.521 0.113 -4.342 30% 
15 126024 -0.342 0.048 -3.824 24% 
all -15215 -0.205 -0.014 -10.105 14% 

Table 7(b): Does Interdealer Trading offset Public Trading? 
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dF,., =(x, + ß, dPublie 
., 

+YkdIDk., +ß sDs, dPiiblic k, +ysDS, (IID�, kk, kk, 

coefficient t-statistic 
Dealer yk 

'0., 
ysyy-, ak k adj-R"2 

1 26415 -0 . 
0025 -0. 0010 -0 . 

0024 0. 0006 0.718 -2.862 -0.661 -1.139 0. 176 28% 
2 587 0. 0002 0. 0016 0. 0019 -0 . 0088 0.055 0.178 0.248 0.513 -0 . 281 -9% 
3 99445 -0 . 

0043 0. 0020 0. 0051 -0 . 
0069 1.467 -1.165 0.423 1.316 -0 . 

950 6% 
4 16633 -0 . 

0041 -0. 0038 0. 0039 0. 0002 0.700 -1.993 -1.158 0.855 0. 047 7% 
5 -9648 -0 . 

0043 -0. 0013 0. 0015 0 0019 -0.606 -3.116 -1.037 1.098 0. 862 46% 
6 6658 0. 0002 0. 0000 -0 . 

0033 -0 . 
0060 0.666 0.200 0.025 -1.252 -1 . 

643 13% 
7 2906 -0 . 

0036 -0. 0003 0. 0016 0. 0008 0.226 -3.200 -0.341 0.689 0. 347 22% 
8 25347 -0 . 

0021 -0. 0022 0. 0032 -0 . 
0066 1.141 -1.520 -1.525 1.142 -1 . 960 20% 

9 -40868 -0 . 
0024 -0 . 

0087 0. 0007 0. 0035 -0.519 -3.516 5.389 0., 383 0. 605 41% 
10 65506 -0 . 

0045 -0 . 
0041 0. 0001 0. 0059 1.316 -5.707 -1.361 0.037 1. 021 44% 

11 2609 -0 . 
0043 -0 . 

0047 0. 0042 0. 0033 0.106 -4.769 -4.291 2.026 1. 155 33% 
12 6798 -0 . 

0016 -0 . 
0011 0. 0002 -0 . 

0052 0.084 -0.629 -0.468 0.039 -0 . 
827 A% 

13 1107 -0 . 
0046 -0 . 

0041 0. 0002 0. 0009 0.195 -4.085 -2.913 0.094 0. 400 53% 
14 10458 0. 0006 -0 . 

0003 -0 . 
0082 -0 . 

0035 0.538 0.368 -0.153 -2.987 -0 . 
991 38% 

16 41821 0. 0030 0. 0023 -0 . 
0027 -0 . 

0065 1.528 2.121 1.156 -0.941 -1 . 
091 3% 

all 11686 -0 . 
0024 -0 . 

0036 0. 0014 0. 0000 1.089 -8.789 -7.530 2.541 -0 . 
018 15% 

Table 7(c): How do Dealers use Futures when Interdealer 

Trading enhances Risk Exposure from Public Trading? 
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Price ID Public 
Volatility 

(X1 
Intensity 

)j. 

1 
+7i 

Intensity 

coefficient t-statistic 

aj fli yj aj A ri 
adj-RA2 # obs 

0.0013 -0.00003 0.0001 4.6769 -0.6171 2.6234 14.33% 1247 

Price 
hh, h 

ID Public 
lity 

+ 
ens tyj/). 

r/ 

Intensity 
+E 

Volan Int I 

coefficient t-statistic 

a, 8j ri aj lei yj 
adj-RA2 # obs 

0.0013 -0.00003 0.0001 4.6769 -0.6171 2.3032 14.33% 1247 

Table 8: Does Interdealer Trading affect the Volatility of Public 

Prices? 
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Effective ID 

Spread 
+ 

Intensity 
-j, t 

+C jj 

coefficient t-statistic 
Gilt # 

i aj ýoj aj 10i 2 adj-RA # obs 
1 0.00033 -0.00021 4.802 -3.310 21% 44 
2 0.00031 -0.00015 4.114 -2.261 11% 44 
3 0.00024 0.00002 4.093 0.408 0% 44 
4 0.00102 -0.00025 7,346 2.130 10% 44 
5 0.00002 -0.00001 1.401 -1.061 3% 44 
6 0.00053 -0.00021 7.523 3.601 24% 44 
7 0,00063 -0,00017 7.290 -2.757 15% 44 
8 0ý 00027 -0.00013 2.613 -1.712 7% 44 
10 &00046 -0.00021 5.561 3.112 19% 44 
11 0.00024 -0.00012 1.919 -1.351 4% 44 
12 000078 -0.00024 9.159 -3.517 23% 44 
13 0.00027 -0.00010 2,189 -1.326 4% 44 
14 0.00025 -0.00012 1.483 -0.928 2% 44 
15 0,00017 -0.00006 2.053 -0.965 2% 44 
16 0.00037 -0.00009 4.247 -1.457 5% 44 
17 0.00048 -0.00013 4.258 -1.498 5% 44 
16 0.00024 -0.00006 1.647 -0.588 1% 44 
19 0,00046 -0.00022 2.599 -1.511 5% 44 
20 0,00064 -0.00015 4.074 -1.462 5% 44 
21 &00014 -0.00005 0.991 -0.539 1% 44 
22 0.00043 -0.00004 2.686 -0.710 1% 44 
23 -0.00025 0.00014 -0.753 0.671 1% 44 
24 0.00061 -0.00011 3.623 -1.330 4% 44 
25 0.00046 -0.00025 1.698 -1.245 4% 44 
26 0.00049 -0.00013 3.263 -1.378 4% 44 
27 0.00085 -0.00016 7.049 2.446 12% 44 
28 0,00118 -0.00036 1.733 -0.956 2% 44 
29 000072 -0.00022 3.478 -1.766 7% 44 
30 -0.00050 0.00031 -0.258 0.257 0% 44 

all 0.00275 -0.00027 13.003 6.094 17% 684 

(Note: gilt #9 is excluded as it started trading 9 days before the end of the period) 

Table 9: Does Interdealer Trading have an Impact on Public 

Spreads? 
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CHAPTER 5 ARE PRICE LIMITS ALWAYS BAD? 

1. Introduction 

Since the stock market crash of 1987, and in recent years, the activation of "circuit 

breakers" on the NYSE in 1997, the crisis during the summer of 1998, and the 

dotcom mania, academics, practitioners and regulators have shown interest in the 

varied mechanisms possible to "artificially" force trading to take place at prices 

that more accurately reflect fundamental value. 

Most of the world's large and small securities exchanges have some mechanism 

for impeding the normal functioning of the trading mechanism. Their aim is to 

allow securities to be traded at prices close to their true values. The archetypes of 

such controls are described in the next section. Reasons that proponents of trading 

interference provide include, reduction in excessive volatility, effective 

impounding of information into prices, limiting of credit risk, as well as a means 

to protect traders against their own follies. On the other hand, opponents of 

interference with the market mechanism cite reasons such as volatility spillover, 

the cost of liquidity risks, market manipulation, and delayed price discovery to 

buffet their arguments. The boom and bust cycle of the dotcoms at the end of the 

last millennium was accompanied by frequent volatile trading activity in, and 

prices of, these stocks. This has brought the issue of controls on trading activity 

back to relevance and interest for many regulators, investors and academics. 

Also, in recent years, a great number of securities exchangeS49 have moved 

towards anonymous limit order trading mechanisms -a trend that is expected to 

continue. As the physical implementation of price limits by a central authority in 

such trading systems is very easy, it is instructional to examine more closely the 

effects of exchange-imposed price limits in such a system. In addition, it appears 

Examples of exchanges that now use an anonymous electronic limit order system for trading 
equities include (in increasing longitude): London (SETS), Paris, Frankfurt, Tel-Aviv, 
Singapore, Hong Kong, Tokyo, Australia, and Toronto. 
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that price limits are here to stay for a while - thus, it is not in our interest to ignore 

their impact, inter alia, on asset returns, behaviours of different types of investors, 

cross-sectional diversity across stocks, and, liquidity and trading activity. Merton 

Miller (1989) comments, "These and related issues of market interaction have 

received little or no attention so far, thanks to the widely held view within the 

economics profession that circuit breakers are either misguided social work or 

cosmetic devices designed by the exchanges to appease their customers and their 

congressional critics. 

Although numerous researcherS50 have, almost unanimously, shown that price 
limits have at best various ill effects along with any success in controlling 
intra-day volatility, they continue to be used around the world. In addition, stock 

exchanges often widen bands to placate critics. The questions "how bad are price 
limits? " and "are price limits always bad? " still remain unanswered today, 

primarily because of the limited number of settings in which they have been 

examined. 

Using the case of the highly active National Stock Exchange (NSE) of India, this 

chapter provides fresh evidence both supporting some, and refuting other, 

criticisms against the efficacy of such price limits. By examining the impact of 

price limits on different groups of stocks separately, the results imply the need for 

changes to price limit rules to be handled with care. For instance, not all price 

limit rules suffer from the criticisms cited, and upward and downward moves 

should not necessarily be subjected to symmetrical restrictions. 

This chapter partially buttresses the case of opponents of price limits by 

examining, separately, the possibility of negative impacts of price limits on price 
bands of different widths. We find that even for bands as wide as 50 percent, 

some negative impact of price limits remain. However, support is not always 
found for the main criticisms raised against price limits. For instance, for a group 

of stocks, although the criticism of volatility spillover may be valid, there is no 
delay in price discovery. For yet another group of stocks, the reverse is found to 

" See Chung (1991), Chen (1993), Kim and Rhee (1997) and Phylaktis et al (1999) 
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hold true. These results thus make an incremental contribution to the body of 
knowledge used for devising appropriate policy tools for regulators of exchanges. 

Finally, we estimate the abnormal profits that can be made by "big hands" who 

manipulate the market to cause price limits to be hit, or by strategic traders who 

profit from using such hits as signals to initiate contrarian trades. 

The rest of the paper is organised as follows. Section 2 briefly describes the 

various mechanisms that have been used to control security prices. Section 3 

provides a theoretical discussion of the ideas central to market interference and to 

this chapter. Section 4 addresses the related literature and places the contributions 

of this chapter into context. Section 5 outlines the price limit set up at the NSE. 

Section 6 describes the features of the data and Section 7 outlines the empirical 

analysis carried out. Section 8 summarises and concludes. 

2. Mechanisms for Controlling the Divergence of Prices 

2.1 Trading Halts and Price Limits 

Trading halts in individual stocks (e. g. Toronto, NASDAQ, NYSE, Paris Bourse) 

or exchange-wide "circuit breakers" (e. g. NYSE, Tel-Aviv) have been in place at 

a number of exchanges. These may be triggered by pre-defined rules (e. g. Paris 

Bourse) or be decided upon by a "surveillance system" (e. g. Toronto). 

Price limits, on the other hand, do not necessarily require trading to halt. Agents 

are allowed to trade but within pre-specified bands (e. g. Athens Stock Exchange, 

India's NSE and BSE, Tokyo Stock Exchange). 

In addition, some exchanges (e. g. Tokyo Stock Exchange) have price variation 

rules that initiate a halt in trading if the price difference between successive trades 

is larger than a pre-specified amount. 
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2.2 Margin Regulations 

The effectiveness of margin regulations to curb speculative activities gained 
importance among regulators and market participants following the crash of 1987. 

However, studieS51 are not unanimous in their results or prescription. The LTCM 

debacle of 1998 was partially heightened by the demand for the servicing of 

margin accounts. 

2.3 Stabilization Funds 

The use of government funds to support exchange rates is a common and 

widespread phenomenon. Its efficacy has been widely debated in the exchange 

rate literature. In equity markets, stabilization funds have been used by 

emerging 52 countries such as Korea, Thailand and Taiwan 53 to supply liquidity 

and stabilise prices at times of minor or major crises. In certain cases such action 
has been of benefit to some parties (e. g. Hong Kong's support of its equity market 
in 1998) but in other cases, not. 

3. Theoretical Discussion 

Proponents of price limits cite many benefits for having such rules in place. One 

potential benefit is that such rules may limit credit risk on the part of market 

participants. The aim is to mitigate the loss of financial confidence by providing a 

period for participants to settle up, thus ensuring that everyone is solvent before it 

is too late. So, price limits may serve to constrain the daily financial exposure of 

trading by providing a ceiling on the amount of margin calls due as a result of a 

51 Ferris and Chance (1988), Hsieh and Miller (1990), Salinger (1989), and Schwert (1989) show 
that margin regulations are not an effective tool. However, Hardouvelis (1988,1990) and 
Hardouvelis and Peristiani (1989) show that for the Japanese stock market there is an inverse 
relationship between daily volatility and margin requirements. 

52 For a somewhat dated, but nonetheless informative, review of some of the microstructure 
background on six of the then largest Asian equity markets refer to Rhee & Chang (1992). 

53 A relatively recent example is described succinctly in The Taiwan Economic News (I October 
2000): "The government will mobilize the National Stabilization Fund into the local stock 
market if share prices fall irrationally as a result of problems related to the scrapping of the 
controversial Fourth Nuclear Power Plant. " 
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day's trading. Specifically for the futures market, Brennan (1986) points to the 

possibility of some duplication as margin requirements themselves limit credit 

risk and so any implementation of price limits would require co-ordination with 

margin requirements. 

A second benefit cited is the potential for such measures to protect the market 
from overreacting to news events. This overreaction hypothesis 54 represents the 

notion that prices are often headed in the wrong direction and will eventually 

reverse as the communication between analysts and traders is brought into sync. 

A third benefit, which is linked to the first two, is that price limits attempt to 

protect traders against their own follies. They counter 55 the illusion that traders 

may have that markets are perfectly liquid and able to absorb massive one-sided 

volume. Thus, limits can serve to slow down trading strategies such as index 

arbitrage and portfolio insurance which can, if uncontrolled, have negative effects 

both on institutions implementing them, as well as the market as a whole. By 

enforcing price limit halts, those implementing such strategies have breathing 

space in which to rethink their intentions and, if necessary, change their actions. 

Unfortunately, as with any form of interference in the market mechanism, the 

onus is on the proponents to prove their case against all the criticisms that may be 

launched. 

The most common complaint against price limits is that they have no effect on 

volatility and simply delay the process of price adjustment, the delayed price 
discovery hypotheSiS56. Thus, although price limits may curb volatility on the day 

a stock hits its price limit, volatility simply "spills over" into subsequent days, the 

volatility spillover hypotheSjS57. 

See De Bondt and Thaler (1985) and French and Roll (1986) 
Brady Commission "Report of the Presidential Task Force on Market Mechanisms", January 
1988. 
Suggested by Fama (1989), Lehmann (1989), and Lee, Ready and Seguin (1994). 
Suggested by Fama (1989), supported by Kyle (1988) and Kuhn et al. (1991). 
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Another disadvantage of price limits is that they present barriers to the clearing 

mechanism, the trading interference hypothesis". Traders will be made unable to 

either liquidate or take up positions and, therefore, be unable to hedge and control 

risk on their own books effectively. Price limits may cause those with long 

positions in a downward market to face liquidity problems because of the 

potential unwillingness of buyers to enter the market because of anticipated price 
decreases. Similarly those with short positions may not be able to close out their 

positions because of the potential unwillingness of sellers to trade in an upward 

moving market. In addition, opponents to price limits claim that in thinly traded 

securities, price limits could be used by "big hands"' as a signal to signal their 

manipulation to uninformed traders. 

A final argument against price limits is that they tend to be self-fulfilling, the 

magnet hypothesis". It assumes that traders would rush to cover their positions 

through active trading if they were afraid of being locked into potentially 

undesirable positions. The fear of potential illiquidity in their positions would 

cause them to rush into the market, increasing volume on one side of the market, 

and thus accelerate the approach to a price limit. This is examined separately in 

the next chapter. 

4. Related LiteratUre60 

Previous research in the area of price limits has had the aim of either vindicating 

or opposing the existence of price limits by focusing on specifically chosen 

securities and markets. The results of any empirical study of price limits will, in 

general, not be transferable across either securities or trading systems. The 

empirical literature on price limits has mainly been in the area of futures markets 

" Cited by Lauterbach and Ben-Zion (1993). Also noted by Fama (1989) and Telser (1989). 
59 Discussed by the CFTC (Kampuis et al, 1989) and Fama (1989). 

For recent empirical work on trading halts in the US equity markets refer to Bhattacharya and 
Spiegel (1998), Christie, Corwin and Harris (2000), Corwin and Lipson (forthcoming), 
Goldstein and Kavajecz (2000). For theoretical work on price limits in futures markets refer to 
Brennan (1986) and Kodres and O'Brien (1994). See Chowdhry and Nanda (1998) for a 
theoretical examination of the role of price limits and margin rules in equity markets. 
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and equity markets. Early empirical work had focused on the futures markets, as 

price interference mechanisms were not common in equity markets until more 

recentl 1. For work on the futures markets, researchers have used both tick and 
daily data. For the impact of price limits on equity markets, researchers have 

focused only on daily data. 62 The methodologies have broadly been either event 

study based or regression based and have focused on a subset of the hypotheses 

outlined in the previous section. Thus, they have examined features such as the 

volatility and, or, serial correlation of returns, or the trading volume in individual 

stocks. Finally, the research has tended to group all securities together, thus not 

allowing for either differences in behaviour across stocks with different price 

limit rules or difference in levels of "normal" trading activity. The use of such 

filters clearly warrants closer examination. 

Phylaktis et al (1999) examine the effect of price limits on the volatility of returns. 
They suggest tests for two hypotheses: the information hypothesis (delayed price 
discovery) and the over-reaction hypothesis. Using daily data for 10 stocks from 

the Athens Stock Exchange they find support for the information hypothesis 

rather than the over-reaction hypothesis. They are fortunate to be able to test the 
hypotheses using data covering periods prior to and post implementation of price 
limit rules on the exchange. Although they are able to use the period free of price 
limit rules as a benchmark, their results may be subject to the natural criticism that 

there may have been other structural changes 63 that the authors do not control for. 

in particular, the results of their analysis would have been stronger had they also 
been benchmarked similar to the method used by Kim and Rhee (1997). 

Kim and Rhee (1997), on whose methodology this chapter is based, provide by far 

the most comprehensive tests using the case of the Tokyo Stock Exchange64. In 

particular, they find evidence against price limits by testing the volatility spillover 

61 Chen (1993) points out that price limits have been imposed on the Taiwan Stock Exchange 
ever since it opened for trading in the 1950s. 

62 In the next chapter we examine the magnet hypothesis using high frequency intraday data. 
63 One significant economic event from the time of price limit rule implementation (August 

1992) was the crisis in the European Exchange Rate Mechanism (September 1992) - it may 
have had an impact on the behaviour of investors in the Athens Stock Exchange. 

64 Lehmann and Modest (1994) include a description of the workings of the Tokyo Stock 
Exchange including the rules and mechanism relating to limits and suspensions. 
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hypothesis, the delayed price discovery hypothesis, and the trading interference 

hypothesis. They find that volatility, although lower on days following limits 

being hit, is higher than if limits had not been hit (volatility spillover); that price 

continuations are more frequent, and reversals less frequent, for stocks that hit 

limits (delayed price discovery); and volume of trading is higher following a 

resumption in trading after limits are hit (indicating that price limits interfere with 

trading activity). A significant contribution of their paper is the use of stocks that 

come close to, but do not hit, their limits as a benchmark. The use of this 

benchmark was in direct response to previous commentaries by Lehmann (1989) 

and Miller (1989) on Ma, Rao and Sears (1989). 

Chen (1993) finds that for the Taiwan Stock Exchange that has implemented price 

limit rules for many decades, price limits have exacerbated volatility. In addition, 

the authors find that the narrower the price limits, the longer the delay in price 

discovery. Although they refine the tests on volatility comparisons using the 

Levene statistic rather than the F-statistic to allow for non-normality, they do not 

use the benchmark suggested later by Kim and Rhee (1997). 

Chung (1991) examines the role of price limits on the Korean Stock Exchange. 

Using a sample of 81 firms in three different price limit bands he concludes that 

volatility is not reduced with price limits. In addition, he finds that the usual 

relationship between volatility and trading volume is diluted. 

Ma, Rao and Sears (1989a) use daily and tick data on various CME and CBOT 

futures contracts to conclude that the use of price limits is justified. They find 

support for the overreaction hypothesis rather than the delayed price discovery 

hypothesis. They also suggest that liquidity provision is not impaired by price 
limits. Unfortunately for the authors and proponents of price limits for those 

futures markets, both Miller (1989) and Lehmann (1989) in their separate 

commentaries showered many criticisms on both their methodology and 
interpretation. Ma et al (1989b) also concentrate on just the Treasury Bond 

Futures Market and using intra-day data find support, once again, for the 

overreaction hypothesis. However, many of the criticisms of Miller (1989) and 
Lehmann (1989) hold for this article too. 
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Miller (1989) in his commentary on Ma et al (1989a) highlights some of the 
important issues to be considered when investigating issues related to price limits 

or trading suspensions. These include, inter alia, the biases from either including 

or excluding days of successive limit hits, the need to focus on trading activity and 

prices once the latter move away from limits or a suspension is lifted, and the need 
to consider the economic significance of interference events which only last for a 

very short period during the trading day. 

4.1 Contribution of this Chapter 

This chapter examines the criticisms against price limits in the context of the 

National Stock Exchange (NSE) in India. Stocks hit their price limits frequently 

on this exchange, and trading activity (as measured by number of trades) is 

extremely high when compared with other stock exchanges worldwide. This 

makes it an ideal ground to re-examine the criticisms levied against price limits. 

Unlike most previously published research, for the case of the NSE, not all the 

criticisms are found to hold. In addition, the criticisms that appear to hold do not 
do so over the entire range of price limit rules. Nor do they hold symmetrically 

for both upward and downward limit moves. Also, we find that although a 

criticism may hold for a group of stocks and direction of limit moves, another 

criticism may not hold for that group. The reverse may be true for yet another 

group of stocks and direction of limit moves. We also estimate the profits that 

may be made by "big hands" or strategic traders. 

In recent years, an increasing number of securities exchanges have moved 

towards anonymous limit order trading mechanisms -a trend that is expected to 

continue. As the physical implementation of price limits by a central authority, if 

such trading systems are electronic, is very easy, it is important to examine more 

closely the effects of exchange-imposed price limits in such a system. The use of 

price limits continues despite many academic papers highlighting their 

detrimental impacts on the control of volatility, their potential to delay price 
discovery or interfere with the normal activity of trading. As price limits are very 

prevalent around the world, and it is important to develop our understanding of 
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this important feature by documenting cases where they have negative impacts, it 

is also important to document those cases where the impact is not so strong, 

marginal, or even not statistically significant. This will help us answer the 

original central question: "are price limits bad enough to warrant their removal? " 

Price limits are implemented to subdue excess volatility by controlling 

overreaction, to limit credit risk, and to prevent unwarranted market crashes 
through positive feedback trading. Thus, removing price limits may cause more 
damage both at an individual investor and a market wide level than any, possibly 

small, distortion arising from having them in place. 

5. Background on the NSE and its Price Limit Rules 

The National Stock Exchange (NSE) is India's leading stock exchange. The NSE 

introduced, for the first time in India, fully automated screen based trading. It is 

operated as an anon ymous electronic limit order market, with firm quotes in 

prices and quantities bid/offered for the five best buy and sell prices shown for 

any given stock. There were 1,546 stocks listed on the NSE in January 2001. 

NSE started equity trading on P November 1994 and within a short span of I 

year became the largest exchange in India in terms of volumes transacted. Trading 

volumes in the equity segment have grown rapidly with average daily turnover 

increasing from US$2.3m in November 1994 to US$1.7bn in February 2001 with 

an average of 960,000 trades on a daily basis. During the year 2000-2001, NSE 

reported a turnover of US$315bn in the equities segment, accounting for 45 

percent of the total market. 

A stock listed on the NSE is only permitted to trade within its pre-determined 

price bands. The price limits of these bands are based on the previous day"s 

closing price 65 
. Over the period of investigation, three bands existed, depending 

65 The "closing price" is distinct from the "last traded price", and is based on an average of (bid 
and ask) prices on the demand and supply schedules during the 30 minute period immediately 
prior to the daily closing of the exchange. The closing price is public information. 
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on the previous day's closing price. Band-I consists of stocks that closed on the 

previous day at prices below Rs 1066 , and the range for allowable prices is ±50 

percent of that previous day's closing price. Band-2 consists of stocks that closed 

on the previous day at prices at or above RsIO, but below Rs20. Thewidthofthe 

band for allowable prices is ±25 percent of the previous day's closing price. The 

remaining stocks, i. e. those that close at or above Rs20 on the previous day, fall 

into Band-3, and have an allowable price range of ±8 percent of the previous day's 

closing price. Once a stock hits a daily upper or lower limit, trading does not halt, 

but all trades may only take place at the limit price or within the price band. All 

agents have access to the previous day's closing price and so are perfectly 

informed about the price limit trading rules for the current trading day. 

The Appendix contains a summary of current price limit and trading halt rules at 

some of the stock exchanges around the world. 

Table 2 surnmarises some of the features of trading activity for each band 

described above. 

There appears to be a positive relationship between the price of a stock and its 

trading activity. The lower price stocks in Band I tend to be small capitalization 

stocks and correspondingly appear to have lower trading activity than the higher 

price, larger capitalization, stocks in Band 3. 

6. Data 

The data set contains tick data for 14 months, March 1999 to April 2000, and 
includes, for any stock 67 that was traded on a given day: 

9 Symbol for identifying the stock 

"" The tick size for price changes on the NSE is RsO. 05. 
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9 Open, High, Low, Close and Last Traded Price 

9 Time, Quantity, Price at which each trade was carried out 

The data included 1,333 stocks that were traded at least once over the sample 

period. For the NSE, aggregate average daily turnover was 380,196 trades (92.4m 

shares) with an average trade value of Rs83,757 (US$2,093 68) 
. This compares 

with an average number of trades per day of 1.7m. (1.3b shares) with an average 

trade value of US$33,086 on the NASDAQ over the same period. 

Although domination of the number and value of trades is by those highest in the 

ranking (see Figs I and 2), even the 500'h most frequently traded stock traded, on 

an average day, more than 60 times. This is more frequent than for some London 

Stock Exchange stocks in the FT-SE 100 prior to the introduction of SETS. 

All stocks do not trade on all days. There are 306,504 stock-days equivalent to an 

average of 230 days (out of the 293 69) per stock with at least one trade for each 

stock.. During the six-month sample period, of the 1,333 stocks, 212 (15%) 

stocks traded within Band- I over the entire period. The corresponding figures for 

Band-2 and Band-3 are 15 (1%) and 568 (43%) respectively. The remaining 538 

(40%) stocks transitioned between bands over the period examined. 

67 Derivative trading on individual stocks was not introduced until mid-2001 when 
exchange-traded options were introduced for certain liquid stocks. Prior to that date, OTC 
trading in any derivative based on individual stocks was not officially permitted. 
Exchange rate of $1 = Rs40 assumed wherever relevant. 

19 The sample covers 1/3/99 to 30/4/00, a total of 294 trading days. Throughout the paper, it has 
been necessary to discard the trades of 1/3/99 as the data does not contain the closing prices of 
the previous trading day. Thus, 293 trading days remain for analysis of price limits. 
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Ii 70 7. Empirical Ana ys s 

7.1 Factors Influencing the Hit Rate 

Fig 3 shows the number of hits at the upper and lower limits over the sample 

period. There were significantly more hits at the upper limits of price bands than 

at the lower limits, driven by the bull phase of the NSE during the period (see 71 

Fig 4). Of the 1,333 stocks that traded at least once over the sample period, 1,200 

(90%) hit their upper limits at least once during the 293 days. Table 3 shows a 

complete breakdown across price bands and for different types of hits for the 

period. 

The incidence of "hits" on a given day is, understandably, strongly correlated with 

the overall market movement on that day. Running the following regressions 

No Of Stocks Hitting the Upper Limit,., +, ý ci +, 6. Market Return t+l 
(1) 

No Of Stocks Hitting the Lowcr Limit,,,,., = a+, 8'. Market Return t, l 

gives (see Table 5 (a) (b)) significant positive (negative) coefficients for the 

number of stocks hitting the upper (lower) limit. The Market Return is taken to be 

the return on the Nifty Index. Checking (results not reported) for the 1-day- and 

2-day-ahead market return forecasting power of the number of stocks hitting the 

upper and lower limits confirms no ability. This is one (possibly weak) argument 

to dispel opposition to price limits. 

The NSE has a settlement period of one week that runs from a Wednesday to the 

following Tuesday. Adding a day-of-the-week dummy to the above regressions 

gives: 

70 Unless specified otherwise, all significance tests are at 99% confidence, and significant t-stats 
are shown in bold typeface rather than italics 

71 lVifty (S&P CNX Nifty) is the main stock market index in India; it is composed of the top 50 
highly liquid stocks in India and make up roughly half of the equity market capitalization of 
India. 
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No Of Stocks Hitting the Upper Limitt,,,, =a+, 8 - Market Return,, +, + Dummy - Day Of Week, 

NoOf Stocks Hitting the Lower Limit =a+fl-MarkctRcturntt+j +Dummy-Day0f Weekt(4) 

Wednesday (see Table 6) is the only significant day for the number of stocks 

hitting the upper limit. This might be due to some sort of mental accounting 

where after a fresh slate on a Wednesday, traders feel more prone to be willing to 

push prices up from the close on Tuesday. 72 There is no clear day of the week 

effect for the number of hits at the lower limit or at both limits. 

Finally, given that market returns have been ascertained to have an influence on 

the number of stocks that hit limits, one can test the dependency of hits on own 
industry and other industries with the following probit regression. 

LimitHitDummyt =a +, 6. No Of Hits in SameIndustry+y- No Of Hits in Other Industries 

The propensity for hitting either limit is evidently driven by both industry and 

market wide factors (see Table 7). 

7.2 Impact on the Returns Distribution over Various Horizons 

The existence of price limits changes the dynamics of the fundamental price and 

returns process. For instance, for stocks trading in the highest band, rather than 

having supports at -100% and +oo, the daily-returns process has supports at ±8%. 

This "squeezes" the probability distribution, with the usual skewness and kurtosis 

familiar to stock returns, which would have existed outside this range, into the 

local area at the boundaries 

The histograms in Fig 5 show, using panel data for Band 3 stocks, how the effect 

of this begins to disappear (vis-A-vis what one might have expected in the absence 

Informal interviews with various brokers suggest that market practitioners believe that this 
effect exists. We do not explore this alleged behavior further. 
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of price limits 73 ) as the horizon increases. By the time the horizon is one week 
long, the effect is visibly insignificant and the thin-tailedness 74 caused by price 
limits becomes visibly apparent. At the end of 2 weeks, the effects have 

disappeared 75 
. 

7.3 Benchmarking 

The issue of benchmarking is important when testing for the extent of any 
detrimental impact of price limits. For instance, Lehmann (1989) and Miller 

(1989) both criticise the argument of Ma et al. (1989a) that declines in volatility 

on days following limit hit days provide favourable evidence for price limits. 

Both authors feel that such a finding is inevitable and trivial because volatility has 

a tendency to, and so is biased to decrease on days after high volatility. 

In this chapter the design followed is similar to that of Kim and Rhee (1997). The 

methodology followed controls for effects that are common to large up and down 

movements and not specific to the hitting of price limits. The benchmark stocks 

are those that almost reach their daily price limits. They are defined as stocks that 

reach a price range between 90% and 100% of their limits and those that reach a 

band between 80% and 90% of their limits. These are denoted Hi90/Lo9O and 

Hi8O/Lo8O respectively. The distribution of stock-days within these benchmark 

bands is shown in Table 8. 

Not expecting, ex-ante, similar results for hits at the upper and lower limits, 

separate results are presented for both directions. Similarly, it is not clear ex ante 

why stocks with different price band rules would be affected to the same extent. 

However, results, unless qualitatively different, are shown only for Band 3, the 

most "active" band. 

13 Previous research (not cited here) has shown that for stocks, in general, non-normality is 
greater over a daily horizon than over longer periods. 

74 See Brorsen and Yang (1995) for a test of thin-tailedness caused by price limits. 
75 The spike around zero represents stickiness of prices as a result of thin trading. 
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7.4 The Volatility Spillover Hypothesis 

An event window is used to test the volatility spillover hypothesis. For Band-3 

stocks this event window runs from day -10 to +10 around an event. Aneventis 

a day when either a stock's limit is hit, or it reaches one of the control bands [90%, 

100%) or [80%, 90%) of the limit. For Band I and Band 2, the event window is 

restricted to day -2 to +2 around the event. This is because thin trading for stocks 
in these bands results in no valuable information beyond this window. Daily 

t,,, )2where ,,. j 
is the close-to-close return for stock volatility is measured by (r 

j between day t-1 and t. Calculating this measure across all stocks in each of the 

three categories and averaging allows a comparison of the pattern of volatility 

across the days surrounding the events. If the stocks that hit their limits 

experience greater volatility than the control groups on days following the event 

then we can conclude support for the volatility spillover hypothesis. In the spirit 

of Kim & Rhee (1997), and as suggested by Miller (1989), to remove a possible 
bias, the selection of events excludes those events where there is more than one hit 

within the window of inspection. In addition, to remove any ambiguity, only 
those stocks that trade within the same price band rule during the window are 
included. 

Table 9 shows the mean volatility (multiplied by 103) for each group through the 

event window. Adjacent groups are compared using the Wilcoxon signed-rank 

test. As can be seen, there is, by construction, a difference in volatility across 

groups on the event day. In addition, on days following the limit hit event, there 

are significant differences between stock volatilities across groups. On closer 

examination we see that, for Band-3, stocks that hit their upper limits experience a 

spillover of volatility into the following day. However, we do not see this effect 

for stocks that hit their lower limits. This suggests that there is a spillover of 

volatility from event days to post-limit days but that this spillover is not 

symmetric for upward and downward moves. So, although we may not reject the 

volatility spillover hypothesis, we note that the criticism of price limits implied by 

this hypothesis may be limited to only stocks subject to narrow price band rules, 

and for upward moves. 
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7.5 The Delayed Price Discovery Hypothesis 

The delayed price discovery hypothesis is tested by examining the number of 

continuations and reversals following price limit hits, and comparing them with 

the benchmark groups. Using open (0t) and close (Ct) prices, open-to-close and 

close-to-open returns may be computed: 

r(O, C, )=In(C,, 10,, ) and r(C, 01)=In(OIIC,, ) 

Returns may be positive (+), negative (-), or zero (0) and so may be paired into 

nine possible series: [+, +], [+, -1], [+, 01, [0, +], R-1, [0,01, [-, +], and [-, 0] 

where the first return symbol represents the open-to-close return r(o,, C, ) and the 

second return symbol represents the close-to-open return r(C. 01) - We then 

classify pairs as continuations, reversals and no change, for the upper and lower 

limit hits as follows: 

High Low 

Continuation 1+1+1101+1 1-1-1101-1 

Reversal 1+1_1 [01-1 [-, +] [-1011-1-1 [-1+1 [01+1 1+1_1 1+101 

No Change [0,0] [+, 0] [0,0] [-, 0] 

In this section, consecutive hits are not excluded, as excluding them would cause a 

bias. In Table 10 we show, for Band-3 stocks, that for upper limit hits, the 

proportion of continuations for stocks that hit their upper limits is less than for the 

benchmark groups. The proportion of reversals, on the other hand, is greater for 

stocks that hit their upper limits than for the benchmark stocks. This indicates that 

there is no delay in price discovery for these stocks that hit their upper limits. 

Interestingly, for stocks that hit their lower limits, the relationship is reversed, 

indicating that there is a delay in price discovery. Similar relationships hold for 

stocks in Band-1 and Band-2. Reflecting on these results along with those from 

Section 7.2 shows an interesting result - there can be volatility spillover without 

any discernable delay in price discovery, and vice versa. 
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7.6 The Trading Interference Hypothesis 

To test the trading interference hypothesis an event study methodology similar to 

that of Section 7.2 is followed. Once again, stocks that hit their limits 

successively, or migrate between bands over the event window, are excluded. A 

comparison of the change in trading activity within the event window is made 

across the groups. If price limits do indeed interfere with trading activity, the 

post-limit days should see a relatively higher change, from one day to the next, in 

trading activity, compared with the control groups. This is because patient 

investors will wait for prices to be allowed to reach their equilibrium levels so that 

the order imbalances can be corrected. Equivalently, if the hitting of price limits 

create order imbalances for liquidity, we expect to observe higher trading activity 

on the days following limit-days. Trading activity could be measured by the 

volume of shares traded as used by Kim and Rhee (1997), or by the number of 
76 trades 

Table II shows the change in trading activity, as measured by number of trades, 

within a -4 to +4 day window around the event. For stocks hitting their upper 

limits, on post-limit days, the number of trades appear to be interfered with for all 

price limit bands. However, for these stocks, the volume of shares traded appears 

to express interference only for Band-3 stocks. This could possibly reflect large 

players executing large trades on the limit-hit days and causing the stock to hit its 

limit, followed by smaller players with large numbers of small trades on the days 

after the limit hit days. Once again, interestingly, neither the number of trades nor 

the volume of shares traded appears to be interfered with for stocks hitting their 

lower limits. 

7.7 Profiting from Price Limits 

In this section, an estimate of the profits from trading based on a price limit hit is 

made. The simple trading strategy suggested is as follows. When the price hits 

the upper (lower) limit, there is an imbalance between liquidity suppliers and 
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demanders with more traders willing to buy (sell) than sell (buy). In the opening 
leg of the trade, the strategic trader provides (absorbs) liquidity at the upper 
(lower) limit price by selling (buying) the stock. She then sells it at the closing 

price on one of the following days. An allowance is made for transaction CoStS77 
(broker commission, bid-ask spread and statutory service tax). For the purposes 

of this exercise the stock-days chosen are from Band-3, and are the ones that have 

the 500 largest number of trades of all upper (lower) limit hit days over the sample 

period. This apparent limitation to only 500 strategic trades allows the calculation 

to allow for the trade size in each strategic trade to be defined as the average trade 

size that actually took place at the limit price for each stock 78 
. Thus, the profit 

estimate made is a realistic one. 

Table 12 shows the absolute and excess (vis-A-vis the Nifty Index) profits from 

this strategy over various horizons, for upper and lower limit hits. Trades on the 

upper limit stocks do not, on average, appear to make profits either at the end of 

the day of the opening trade or on subsequent days. Trades on the lower limit 

make the largest average mark-to-market gain at the end of trade on the opening 
day. Incremental profits are small on the days that follow. Also, if adjusted for 

the benchmark (Nifty") return the excess profits are not significantly different 

from zero. Once again, we see that the results of trading related to the upper limit 

are different from those related to the lower limit. More importantly, it does not 

appear that strategic traders benefit from any systematic hitting of price limits. 

76 In the price-volume literature Jones, Kaul and Lipson (1994) have shown that the information 
content of trades is contained in their frequency rather than volume, with the latter playing, 
often satisfactorily, a proxy for the former. 
Transaction costs are extremely small on the NSE, so the results are qualitatively the same if 
these are ignored. A typical broker's commission on non-delivery trades is defined per share 
as niin(0.1% of share price, RsO. 05) per share. Statutory service tax is 0.5% of the broker's 
commission. A bid-ask spread of 20 basis points is estimated. 

78 There were over 7 million trades in the top 500 (ranked by number of trades) stock-days for 
upper limit hits. For lower limit hits there were more than 6 million trades. 
Futures trading on the Nifty Index commenced in June 2000, i. e. after the data period 
examined. 
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8. Conclusion 

An increasing number of exchanges are opting for anonymous limit order trading 

systems instead of, or in addition to, dealership structures. As the electronic 
implementation of such systems becomes more widespread, and the ease with 

which any interference with the price and/or quantity dynamics of a security's 
trading increases, the need for a better understanding of such interference 

increases. In this chapter we examine the criticisms against once such 
interference mechanism - price limits. Price limits exist on many stock exchanges 

around the world. Using data from the highly active National Stock Exchange 

(NSE) in India, the country with the largest number of listed companies, we throw 
fresh light on this important topic. Unlike most previously published research, for 

the case of the NSE, not all the criticisms against price limits are found to hold. 

The criticisms that appear to hold do not do so over the entire range of price limit 

rules. Nor do they hold symmetrically for both upward and downward limit 

moves. In addition, we find that although a criticism may hold for a group of 

stocks for, say, an upward limit move, another criticism may not hold for that 

group. The reverse may be true for yet another group of stocks and, say, a 
downward limit move. Our technique for estimating the profits possible from 

trading in stocks that have hit their limits produces different results for upper and 
lower limit hit stocks. A contrarian strategy for upper limit hit stocks does not 

yield profits on average. On the other hand, for lower limit hit stocks, the profits 

are not distinguishable from that of the benchmark index. 

The use of price limits continues despite many academic papers highlighting their 

detrimental impacts on their control of volatility, their potential to delay price 
discovery or interfere with the normal activity of trading. As price limits are very 

prevalent on exchanges around the world, it is important to develop our 

understanding of this important feature by documenting cases where they have 

negative impacts. However, it is also important to document those cases where 

the impact is not so strong, marginal, or even not statistically significant. This 

chapter attempts to add to that body of knowledge and understanding. 
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Appendix - Trading Halt and Price Limit Rules 

Thefollowing information relates to January 2001 and has been compiledfrom 
information sources at the various exchanges. Yhis section attempts to provide a 
flavour of the rules currently in existence and the reader interested in details is 

advised to contact the various exchanges directly. 

Athens Stock Exchange 

A share price limit applies on a certain stock when its price fluctuation on a 

particular day crosses the limit of 12 %, in either direction. 

Markets wide trading halts are imposed on rare occasions. These are meant for 

times of extreme events such as electronic system breakdown or terrorist attacks. 

Australian Stock Exchange 

The Australian Stock Exchange has a computer system (SOMA) that monitors in 

real-time all trading information and highlights any unusual price or volume 

movements. SOMA compares the electronic signal containing all details of 

trading against a series of parameters. These parameters are set so that normal 

trading is ignored, but as soon as any one of these parameters is exceeded, the 

system triggers a surveillance alert. 

Each alert is referred to an analyst, who assesses the market conditions that caused 
it. For example the analyst might determine that public information such as a 

report on the stock by a stockbroker, or a company announcement or newspaper 

report, can explain the market activity. Surveillance analysts also look for patterns 

of alerts, which may indicate that an attempt is being made to interfere with 

normal market forces, requiring further investigation. 
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Frankfurt Stock Exchange 

A "volatility interruption" during continuous trading leads to a change in the rules 

of trading. Trading moves to a call auction until "price determination is possible". 

Hong Kong Stock Exchange 

Besides rules on opening bids and asks, there are no rules for halting trading on 
individual stocks or the entire exchange. 

Indian Equity Market (Bombay Stock Exchange) 

Trading is not halted when a stock reaches its upper or lower price limits. Instead, 

trading continues (at the limit prices) but the electronic system does not accept 

orders at prices outside the following daily/weekly permitted ranges: 
Band Previous Day/Week's Daily Band Weekly Band 

Close (Rs) 

I Close: 5 9.95 ±25% ±50% 

2 9.95 > Close: 9 19.95 ±8% 

3 19.95 < Close ±8% 

Indian Equity Market (National Stock Exchange) 

Trading is not halted when a stock reaches its upper or lower price limits. Instead, 

trading continues (at the limit prices) but the electronic system does not accept 

orders at prices outside the daily permitted range discussed in the main body of 

this chapter. 

Korea Stock Exchange 

A wide fluctuation in stock price is not desirable for keeping investor's confidence 
in the market. In order to avoid wide price fluctuation and foster an orderly 
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market, the KSE sets a daily price change limit which is 15% of the previous day's 

closing price. 

If the KOSPI continues falling down 10% or more of the previous day's close for 

one minute, trading of all stocks will be halted for 30 minutes. 20 minutes after the 

activation of a circuit breaker, the KSE will collect orders from its members for 10 

minutes. Those orders are matched by a single price. Circuit breakers are 

triggered only once a day and are not triggered after 14: 20 (40 minutes before the 

market closing). 

When the share price and/or the trading activities in an issue is expected to show 

or is showing an abrupt movement in response to an unidentified rumour or news, 
the KSE may halt trading to protect the investing public. In such cases, the KSE 

requests the company concerned to make a direct disclosure regarding the matter. 
Trading can be resumed during the session following the direct disclosure. 

However, if the rumour that disturbed trading is not resolved by the direct 

disclosure, trading resumption may be delayed. 

London Stock Exchange 

There is neither a circuit breaker on the exchange, nor trading halts for individual 

stocks. 

NASDAQ 

NASDAQ's StockWatch Department that monitors the trading activity in stocks 

can authorise individual security halts. There are two possible ways these may be 

initiated. First, StockWatch may call a halt if it considers announcements 
(submittted to StockWatch by the company, as required by regulation, 15 minutes 

prior to being made public) as being material for the process of price discovery. 

Second, StockWatch may call a halt at any time that it assesses trading activity in 

a stock being unusual. 
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NYSE 

There are two kinds of security-specific trading halts on the NYSE. News halts 

are initiated when an information release is expected to have a material impact on 

prices. Order imbalance halts are initiated by the exchange specialist when a large 

imbalance exists between buy and sell orders. 

Exchange-wide "circuit breakers", as per NYSE Rule 80, that force a halt in 

trading for half an hour have been implemented only once in the past, on 27 th 

October 1997. 

Paris Stock Exchange 

A trading halt of 15 minutes occurs for liquid stocks when the price change is 

more than 10% from the previous day's closing price. Subsequent price changes 

of 5% from the price at which trading was halted results in a halt of another 15 

minutes (with a maximum of two 5% shifts in any one direction) i. e. a maximum 

change within a day of +21.25% or - 18.75% relative to the previous day's closing 

price. For less liquid stocks, the corresponding numbers are 5% initially and 2.5% 

subsequently up to a maximum of 10.25% and a minimum of -9.765%, and 
trading is halted for 30 minutes. 

For batch auction stocks, it is 5% on the previous day's closing price. 

There is no market wide circuit breaker at the Bourse. 

Singapore Stock Exchange 

There are no rules for halting trading in individual stocks or the entire exchange. 

Tel-Aviv Stock Exchange 

The Exchange activates circuit breakers in case the TA 25 index rises or declines 

by more than 8%. When the circuit breakers are activated, trading is halted for 45 
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minutes. On individual stocks there is a 15% limit only during the opening 

auction. 

Tokyo Stock Exchange 

When the market comes to be speculative or the supply-demand balance therein is 

broken widely in a short period of time, it is feared that the distorted stock price 
formations might cause investors to make inappropriate investment judgments. In 

order to prevent such situations, the Exchange maintains daily price limits for 

individual stocks based on their previous day's closing prices. The maximum 

upper or lower limit ranges from ±30% for the smallest stock prices to ±7%for 

mid-ranged stock prices and around ±10% for the larger priced stocks. 

Toronto Stock Exchange 

A halt ceases all trading activity on a stock. The halt is authorised by a Market 

Surveillance Officer who is also the person who authorises the re-opening of the 

stock. A halt can be initiated at any time due to material news releases or a trading 
imbalance. 
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Tables 

Band Previous Day's Close Upper/Lower 

(Rs) Band 

I Close: 5 9.95 ± 50% 

2 9.95 > Close: 5 19.95 ±25% 

3 19.95 < Close ± 8% 

Table 1: Price Limit Bands 

Average Band I Band 2 Band 3 

No Of Trades 23 79 496 
Daily Trade Value (Rs) 89,012 535,344 44,421,820 

Trade Size (Rs) 3,806 6,760 89,624 
Stock-Days 119,011 62,575 208,983 

Table 2: Trading Activity across Bands 
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Stock-Days 
"Ell Only" Mo Only" "HI & Lo" "No Hit" Total 

Band 1 1,159 175 8 117,669 119,011 
Band 2 965 191 5 61,414 62,575 
Band 3 20,355 11,536 539 176,553 208,983 

All 22,479 11,902 552 355,636 390,569 
5.8% 3.0% 0.1% 91.1% IM 

Table 3: Stock-Days and Limit Hits 

"Hi Only" Mo Only" "Hi & Lo" "No Hits" Total 
at least once at least once at least once at all Number 

o Of Stocks 1,200 997 306 112 1,333 1 
90.0% 74.8% 23.0% 8.4% 

Table 4: Number of Stocks Hitting Limits At Least Once 

0 
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Coeff t-test 

u 77.42 2;,. 21 F 
988.75 

R2 13% 
No Of Obs 293 

No Of Stocks Hitting the Upper Limit,,, +, ý(x+P-MarketRetum7, 

Coeff 1-test 

44.06 1, -1 

-1304.19 - 10.03 

R2 28% 
No Of Obs 293 

No Of Stocks Hitting the Lower Limit,,,,, = (X'+P'. Mark7t 

Table 5(a)(b): Market Returns and Price Limit Hits 

High Hits Only 

Coeff I-lest Coeff t-test Coeff t-test Coeff t-test Coeff t-test 
(X 71.72 1 1.11) 60.30 9.68 108.50 17,11) 67.63 11-14 61.58 9.90 

Market Return 926.34 0.52 929.72 6.55 932.25 6.511 931.91 0.56 929.58 6.55 
Monday 13.18 1.46 -35.01 -3.85 5.86 0.66 11.90 1.32 

Tuesday -10.51 -1.17 -47.28 -5.23 -6.41 -0.72 -0.36 -0.04 
Wednesday 40.96 4.56 52.37 5.87 45.03 5.14 51.09 5.11 

Thursday -2.72 -0.3/ 8.68 0.98 -39.53 -4.47 7.40 O. S3 

Friday -9.11 -1.01 1 2.31 0.26 1 45.89 -5.0f) 1 -5.02 -0.56 1 1 

R2 -15.13% 25.33"ýo 23.65', o 2 5.2 2% 25.32% 
No Of Obs 293 293 293 293 293 

Table 6: Day-of-the-Week Effect 
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"IR luts Only" -2.03 0.07 0.00 
t4est -341-10 85S5 5A2.6- 

"Lo I-tits Only" -2.28 0.09 0.00 
t-test -168 -9-3 

-. 01 56S9 

"M & Lo I-fits -3.16 0.41 0.01 

t-te& -191 J05 . 3445 1.04 

No Of Obs 390,569 

[Linut Hit Dummyt =a +, 6. No Of Hitsin Same Industrftr-NoOf Hits in Other Industriel 

Table 7: Industry Effect 
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Aro OjrHib- Band I Band 2 Bmd 3 
High 1,159 965 20,355 
Hi 90 848 800 13,145 
Hi 80 796 622 6,589 
Low 175 191 11,536 
Lo 90 258 353 10,831 
Lo 80 276 412 7,550, 

Table 8: Number of Stocks Entering the Benchmark Bands 
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Entire Sample 

Upward High Hit Hi9o Hi80 
. .......................................... . ........................................................................... Continuation 5.8% << 8.1% 7.8% 1 

.............................................................. .................................. Reversal 92.9% >> 90.2% 90.1% 
No Change 1.3% << 1.7% 2.1% 

Downward Low Hit Lo90 Lo80 
........................... E.: F; ...... ýý; ..... E. 5; ............. iUE; ....... 

c0 00 on - -- -- - Reversal 80.6% ............. << 81.8% ....... ................... 82.2% 
No Change 4.1% >> 3.1% 3.0% 

>> (<<) indicates that the left hand figure is greater (less) than the right hand figure at 
the 0.01 significance level using the Chi-squared test. 

Table 10: Price Limits and Delays in Price Discovery 
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Figures 

% of total number of trades for the top 25 stocks ranked by 
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Figure 1: Number of Trades Distribution 
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Figure 2: Value of Trades Distribution 
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Nifty (NSE 50) 
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Figure 4: S&P CNX Nifty (NSE50) 
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1,2,3,4,5 and I O-day horizon realised returns for Band- I stocks 

Figure 5: Returns Distributions over Various Horizons 
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CHAPTER 6 Do PRICE LIMITS BEHAVE LIKE MAGNETS? 

1. Introduction 

Daily price limits, and other mechanisms to artificially interfere with trading, 
have been in existence in securities markets for at least half a century. However, 

they continue to be a relatively less researched topic despite their wide 

prevalence 80 
, and despite their relevance for a sizeable proportion of the world's 

capital markets. Numerous exchanges around the world have been moving 
towards electronic limit order trading mechanisms, either exclusively or in 

addition to existing arrangements. With increased computerisation, it is relatively 

easy for price limit rules to be implemented, and to be revised at frequent 

intervals. The principal raison d6tre for price limits is the constraining of intra 

day price moves within permitted bands. This primary function is achieved 

simply by definition. However, as with any form of intervention, economists and 

affected market participants view price limits as giving rise to other costs that 

reduce the efficacy of this constraint mechanism. 

The academic research assessing the impact of price limits in equity markets has, 

to date, primarily used daily stock price data8l. These works have addressed 
issues such as the spillover of volatility, the curtailment of overreaction, the 
delaying of price discovery, and interference with trading activity. This chapter 

studies one additional interesting hypothesis - the magnet hypothesis - that has 

not been examined to date. Farna (1989) in his contribution to CFTC (Kampius, 

Kormendi, and Watson, 1989) posited that price limits could tend to become 

self-fulfilling. The argument runs as follows. The expected equilibrium price of a 

security that has hit its trading limit is beyond the day's permissible trading range. 

so Chen (1993) points out that price limits have been imposed on the Taiwan Stock Exchange 
ever since it opened for trading in the 1950s. Besides price limits in the US futures market, 
countries with price limits on their equity bourses include among others: France, The 
Netherlands, Greece, Israel, India, Malaysia, Thailand, Taiwan, and Korea. 
Ma etal (1989ab), among others, use intraday tick data from the US futures markets. 
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So a stock that has hit its limit price should, in theory, experience no trading. 

Anticipating, with fear, such a drying up of liquidity, traders would try to rush in 

and cover their positions when a stock appears to be approaching its limit price. 

This would increase trading activity and the imbalance between supply and 

demand, accelerating the price to its permitted limit for that day. Thus, price 

limits could behave like magnets and be self-fulfilling. The other criticisms 

refuted or validated in the literature to date are primarily of the ex-post kind i. e. 

what the impact of price limits is, given that a stock has hit its price limit. That 

price limits could be self-fulfilling is a potentially more serious criticism that 

needs examination. 82 

In this chapter we use tick data from the highly active National Stock Exchange of 

India (NSE) to examine whether the magnet hypothesis holds to any degree. 

Using a simple argument, we find that price limits do not act like "black holes", 

sucking in all prices in their neighbourhood. We then focus on a related question: 

does trading activity accelerate in the neighbourhood of price limits? The answer 

to this question is mixed. For upper limit hits, there appears to be a reduction in 

trading frequency as the price limit is reached. However, for lower limit hits, 

there is an acceleration in the number of trades as the price limit is approached. 

Finally, we also examine the significance of some of the forces that drive the 

extent of trading at the limit price. There appears to be some difference in 

behaviour of market participants at the lower and upper limits, the former, quite 

possibly, being driven more by an irrational fear of sellers. 83 This provides some 

indication that the impact of acceleration in trading, i. e. free-falling prices, is 

curtailed rather than caused by the lower price limit. 

This chapter is organised as follows. Section 2 describes the price limit rules of 

the NSE while Section 3 describes the data briefly. Section 4 is a brief discussion 

See Bikhchandani et al (1992,1998) for a study of rational learning and information cascades 
to explain herding behaviour. Recently Belcher et al (2003) conclude that in the US Treasury 
Bond futures market traders tend to overreact when market prices are near price limits. 
The asymmetric behaviour of investors to gains and losses has been widely studied in the 
behavioural finance literature - examples of early and more recent work are Kahneman and 
Tversky (1979) and Barber and Odean (2000). 
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of what magnet behaviour is defined to be. Section 5 contains the analysis and 
Section 6 summaries and concludes. 

2. Price Limit Rules on the NSE 

The NSE operates as an anonymous electronic limit order market, with firm 

quotes in prices and quantities bid/offered for the five best buy and sell prices 

shown for any given stock. There were 1,546 stocks listed on the NSE in January 

2001. A stock listed on the NSE is only permitted to trade within its 

pre-determined price bands. The price limits of these bands are based on the 

previous day's closing price 84 
. Over the period of investigation, three bands 

existed, depending on the previous day's closing price. Band-I consists of stocks 

that closed on the previous day at prices 85 below RsIO, and the range for 

allowable prices is ±50 percent of that previous day's closing price. Band-2 

consists of stocks that closed on the previous day at prices at or above RsIO, but 

below Rs20. The width of the band for allowable prices is ±25 percent of the 

previous day's closing price. The remaining stocks, i. e. those that close at or 

above Rs20 on the previous day, fall into Band-3, and have an allowable price 

range of ±8 percent of the previous day's closing price. Once a stock hits a daily 

upper or lower limit, trading does not halt, but all trades may only take place at the 

limit price or within the price band. All agents have access to the previous day's 

closing price and so are perfectly informed about the price limit trading rules for 

the current trading day. 86 Trading takes place between 1000 hours and 1530 

hours, local time. 

The "closing price" is distinct from the "last traded price", and is based on an average of (bid 
and ask) prices on the demand and supply schedules during the 30 minute period immediately 
prior to the daily closing of the exchange. The closing price is public information. 
The tick size for price changes on the NSE is RsO. 05. 
The price limit bands and rules were the same throughout the period examined. However, 
these rules and other arrangements, e. g. trading hours, have been changed since. 
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3. Data 

The data set contains tick data for over 110 million trades for the 14 months, 
March 1999 to April 2000, and includes, for any stock 87 that was traded on a 

given day: 

e Symbol for identifying the stock 

* Open, High, Low, Close and Last Traded Price 

* Time, Quantity, Price at which each trade was carried out 

The data included 1,333 stocks that were traded at least once over the sample 

period. For the NSE, aggregate average daily turnover was 3 80,196 trades (92.4m. 

shares) with an average trade value of Rs83,757 (US$2,093 88) 
. This compares 

with an average number of trades per day of 1.7m, (1.3b shares) with an average 

trade value of US$33,086 on the NASDAQ over the same period. 

Table I summarises some of the features of trading activity for each band 

described above. 

Discussion 

The expected equilibrium price of a security that has hit its trading limit is beyond 

the day's permissible trading range. It is argued that, immediately before an 

anticipated price limit hit, traders would try to rush in and cover their positions. 
This would increase trading activity and accelerate the price to its permitted limit 

for that day. As a result, the high price for the day would be either at the limit 

price or far away from it. Thus, if price limits were to behave like "black holes" 

sucking in all prices that come within a certain range, the distribution of returns 
from the close of trading on one day, to the high of the following day should show 

87 Futures and options on individual stocks and the leading market index were not introduced 
until after the end of the period examined in this chapter. 
Exchange rate of $1 = Rs40 assumed wherever relevant. 

166 



no weight in the neighbourhood of the limit price. Unfortunately, there is no 

theoretical guidance for defining "certain range" or "neighbourhood", and so any 

definition would necessarily be ad hoc. However, fortunately for our argument, 

the criticism of price limits behaving like magnets is a strong one. The closer a 

stock gets to its price limit, the greater is the alleged power of attraction of the 

limit. The magnet hypothesis, therefore, does not preclude, but is also not 

equivalent to the criticism that the existence of price limits makes stocks more 

volatile (than in the absence of price limits) within their price bands i. e. that stocks 

reach high intraday levels without hitting the price limit. That is to say, if a stock 

is found to be more volatile in the presence of price limits, than in their absence, 

but never hit its limit, then price limits do not act like magnets for that stock. In 

such a case, the price limits would be behaving like attracting barriers with 

reducing (as opposed to increasing) powers of attraction, and so would not be 

self-fulfilling. 

5. Empirical Analysis" 

5.1 Does the Price Limit Suck in Prices in its Neighbourhood? 

As discussed above, in its strongest sense, if price limits were behaving like 

magnets, we would expect them to suck in all stocks that venture into their 

neighbourhood. To check this, the first hypothesis tested is the following: 

Hypothesis 1: Yhe price limit sucks in prices in its neighbourhood. 

We reject the hypothesis through a simple line of argument. If we look, in Figure 

1, at the empirical probability distribution of close-to-high returns for all stocks in 

Band-3, we see that there is no obvious drop to zero in the neighbourhood of the 

Unless specified otherwise, all significance tests are at two-tail 95 percent confidence, and 
significant t-stats are shown in bold typeface rather than italics 
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upper or lower limits. 90 One might argue that stocks of different levels of 

volatility (in the hypothetical absence of price limits) might be sullying the 

picture. However, this counter-argument is weak as we know explain. Let us 

classify stocks by volatility in the (hypothetical) absence of price limits. Low 

volatility stocks can be those that have a probability of absolute return greater 

than, say, 7 percent equal to zero. Medium volatility stocks can be those that have 

a probability of absolute return greater than 7 percent greater than zero, but 

probability of return greater than 8 percent equal to zero. High volatility stocks 

would then be those stocks that have a probability of absolute return greater than 8 

percent greater than zero. See Figure 2. 

We now take a closer look, in Figure 3, at the empirical distribution of 

close-to-high returns in the neighbourhood of the upper limit. This time we 

exclude those stocks that close at their high on the limit hit day to avoid any bias. 

With reference to Figure 3, the (hypothetical) low volatility stocks would not 

appear in the picture. High volatility stocks, when the realised (hypothetical) 

return attempts to be greater than 8 percent would not be in the picture either. The 

stocks that remain in the picture are the medium volatility stocks and high 

volatility stocks that attempt to have a (hypothetical) realisation in the range [7%, 

8%]. If such stocks were attracted to the magnet at 8 percent, they would not be 

able to stop their motion in the range [7%, 8%). All such stocks would end up at 8 

percent. We do not see this happening. In fact, we see the number of stocks that 

go very close to, but do not hit, the limit increasing as we approach the limit. A 

similar phenomenon is noted in Figure 4, which shows the equivalent picture for 

the neighbourhood of the lower limit. We can reject the hypothesis, the price limit 

does not suck in all prices in its neighbourhood. 

Because of fewer stock-days and thinner trading, this hypothesis cannot be tested, very 
convincingly, in the suggested manner on Band-I and Band-2 stocks. However, a cursory 
examination (not reported) suggests the results are similar to that for Band-3 stocks. 
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5.2 Does Trading Accelerate in the Neighbourhood of the 

Limit? 
Having concluded that price limits are not sucking in all prices that approach 

them, we can investigate the extent, if at all, to which trading accelerates as the 

limit price is approached. We order all Band-3 stocks in descending order of 

number of trades within the day. We then pick those stock-days that are the 250 

highest in the ranking. These 250 stock-days represent 5.2 million trades for the 

upper limit and 4.9 million trades for the lower limit. By picking a large number 

of highly active stock-days we hope to ensure that we pick up as much complexity 
in the price/volume dynamics that we can. 

For each stock-day i, i=1,..., 250, we can define: 

N' = total number of trades 

Q1 = total number of shares traded 

ij=1,..., N', in stock-day i, we can define: and, for each trade nj 

q1. = quantity of shares traded 

Pj = price of shares traded 

t' = time of trade 

so that: 
N 

q1. Q 
j=1 

We can also define: 

P& MaX(PI 9 P2 -pNi daily high price for stock-day i 

I''1) daily low price for stock-day i Pj min(p, 9 P2 ... PNj 

Pi pC = closing price of previous day for stock-day i 

i, i=I... N, in stock-day i: This allows us to define, for each trade nj 

Pi i 
j j Udý' =Uj= distance, based on the previous day's close, of the traded price 

from the daily high 
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I PI 
=Pj- 

L d' = distance, based on the previous day's close, of the traded price 
PP, C 

from the daily low. 

So, for Band-3 stocks, both Ud. ý and Ld, ' lie in [0%, 16%]. For upper limit hit 

stock-days we focus on Ud. ý and for lower limit stock-days we focus on Ld, ' 

i We also define, for each trade nj ,j N' , in stock-day i 

rj = tj+l - tj = time to next trade. 

Next, in order to prevent any bias from clustering of trades at certain distances, we 

group trades, for each stock-day, by exact distance i. e. price relative to the limit 

price. Thus, for each stock-day we have K' distances, Distancej' ,k K' k 

measured in percentage terms, with K' being different for each stock-day i. 

Within each stock-day, for all9l the trades at each distance, Distance' , we k 

calculate the average time to the next trade (AY7VY): 
N, 

r*- .11 
2: 

dý=DistanCekl 
j_1 

A TNTk N1 
EI 

djl =DistanCel 
j=1 

If traders do trade more frequently in the neighbourhood of a price limit, the 

average time to the next trade should decrease as the distance from the price limit 

decreases. Conversely, the average time to the next trade should increase as the 
distance from the price limit increases. We test the following hypothesis: 

Hypothesis 2: The average time to the next trade is not related to the distance 

from theprice limit. 

We test this hypothesis by running the following regression: 

Ii A YNTý =a+ fl -Distance' fo r Distance kk< Cutoff Distance 

where, not having any theoretical guidance, we also vary the Cutoff Distance, to 

see its impact. 
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We do the analysis using the Fama and MacBeth (1973) procedure i. e. we run the 

regression separately for each stock-day and average the coefficients across the all 

stock-days. The AY7VT is demeaned and then normalised by dividing by the 

standard deviation in order to allow comparability and aggregation across 

stock-days. 

The results are shown in Table 2. If price limits behaved like magnets to some 

extent we would expect a significantly positive 6 i. e. a decrease in the average 

time to the next trade as the price limit is approached. For upper limit hits, 

examining trades within 100 basis points of the price limit, we see a6 that is 

positive and statistically significant. However, at all other cutoffs, we do not see 

this. In fact, as we reduce the cutoff distance, the coefficient becomes 

significantly negative. Not only are we unable to reject the hypothesis for the 

upper price limit, we also note that the average time to the next trade increases as 

we approach the price limit i. e. quite the opposite of an expected acceleration in 

trading. For lower limit hits, the message is more clear-cut i. e. for most of the 

cutoff distances, the coefficient is positive and statistically significant. Thus, we 

are able to reject the hypothesis and suggest that the lower limit price may be 

inducing acceleration in trading. 

How do we interpret the different results for the upper and lower limits? One 

explanation could be as follows. If traders with long positions in falling stocks are 

worried they will rush in to trade, hoping to sell at a smaller loss than if they sell at 

the lower limit. Those with long positions in a rising stock, are probably more 

optimistic and so do not rush in to sell when they can hope to sell at an even higher 

price. Of course, one naturally asks, "who is taking the other side of the trade? " 

The equivalent answer could be that relatively more optimistic traders come in to 

buy the falling stock, but for rising stocks momentum traders cannot have their 

limit orders filled, as those with long positions are unwilling to give up their 

positions. This conjecture is supported by the findings of the next section. 

91 except the last trade of each stock-day 
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5.3 What drives trading at the limit price? 
We now examine the extent of trading at the limit price. In theory, having hit the 

limit, the expected equilibrium price should lie beyond the permitted trading 

range for the day. This, of course, is true if all market participants agree on the 

valuation of the stocks and their expected price paths, and are not hit by liquidity 

shocks. In practice, with heterogeneous beliefs about the future price of the stock, 

and different liquidity demands, trading may not cease at the limit price. For 

instance, at the upper limit, informed traders or contrarian traders with long (or 

no) positions may be willing to sell (or go short 92 ) before the price goes down 

from the upper limit price. Liquidity or noise traders will be willing to sell. So 

what determines the extent of trading at the limit price? We run the following 

regression for the 450 highest ranking stock-dayS93 for each of the upper and 

lower limits: 

%- of - day's trading =a+, 8 - Mispricing +y- Volatility + t3 - Distance - from - Open 

+ V/ - Time - to - Close 

The '%of-day's-trading" is the proportion of the day's trading activity (done 

with both number of trades and volume separately) that takes place at the limit 

price. "Mispricing" is measured by the absolute difference between the day's last 

traded price (LTP) and the limit price, normalised by the previous day's closing 

price. "Volatility" is represented by the day's high minus the day's low, 

normalised by the previous day's closing price. "Distance-from-Open " is the 

absolute difference between the limit price and the day's opening price, again, 

normalised by the previous day's closing price. "Time-to-Close " is the time, in 

hours, between the time the limit price is first hit and the close of trading for the 

day. 

The relevance of the exogenous variables chosen is the following. The greater the 

mispricing at the limit price, the lower one would expect the level of trade at the 

92 During the period examined, any market participant was permitted (and it was easy) to go short 
on any stock. In 200 1, the badla system that permitted investors to hold short positions across 
days was abolished. Intra-day short positions are still permitted. 
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limit price to be. This would happen if it is believed that the overreaction that 

causes the limit hit is a short horizon phenomenon, and that at a slightly longer 

horizon, the length of a trading day, the aggregation of information is efficient. 
The greater the volatility, the lower one would expect the volume of trading at the 

limit to be. This is because there would be fewer traders who would be certain 
that the "true value" lies at the limit price (or beyond the permitted trading band) 

for the day. Also, the length of time that the stock would spend trading at the 
limit, before it moves away, would be less. Distance-from-Open tries to capture 
the extent to which prices have diverged from the opening price. Time-to-Close 

represents the time constraint perceived by traders who may be impatient to take 

on or off-load positions. 

The means of the endogenous and exogenous variables are shown in Table 3 

along with the results of the regressions. The proportion of volume traded at the 
limit is higher than the proportion of number of trades. This may show that large 

investors are taking on or off-loading positions at the limit price. It may also show 
that market participants believe that there is less information flow at that price, 
that trading at that price is not information revealing. 94 

Interestingly, the means of the exogenous variables are higher for the lower limit 

hits. Mispricing at the lower limit is greater and intraday volatility is higher than 
for upper limit stocks. Also, for lower limit stocks, a greater change in price has 

occurred since the open, and in a shorter period of time. When the mispricing is 

greater for lower limit stocks, the proportion of the day's trading is lower, but not 

significantly. For upper limit stocks, traders seem to behave more "rationally" 

vis-A-vis the ultimate price at which the stock closes trading that day. On more 

volatile days, there is less trading at the limit price for both upper and lower limit 

stocks. There seems to be more trading at the lower limit when it opens relatively 
high, and then hits the lower limit in a short period of time. Is this then panic 

selling? Given the extent of reversal by the time the market closes this is probably 

93 These 450 stock-days represent 7.2 million trades for the upper limit and 6.4 million trades for 
the lower limit. 
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the case. This is also consistent with Nath (2002) 95 who shows that either 

manipulative traders or strategic traders, using the limit hit as a forecasting tool, 

can make significant profits only with the lower limit hit stock-days. The 

significant positive relationship between the Time-to-Close and the extent of 

trading at the upper limit shows that traders with long positions prefer to realise 

profits without taking the risk that the stock falls during the rest of the day's 

trading. Conversely, when the Time-to-Close is small, they prefer to take their 

chances that the stock will indeed close for the day at the upper limit and reopen 

even higher the following day. For lower limit hits, the extent of trading is not 

statistically related to the Time-to-Close, though this could be because, on 

average, almost 4.5 hours remain until the 5.5 hours trading day comes to an end. 

We see that there is not necessarily a drying up of liquidity once the stock hits its 

lower limit. One could then argue that the perceived acceleration of trading as a 

stock approaches its lower limit may not be caused by the price limit being in 

place, but that, in fact, the lower price limit prevents overreaction and a free fall. 

6. Conclusion 

This chapter examines the hypothesis that price limits may be self-fulfilling by 

behaving like magnets. We find that price limits do not behave like black holes, 

sucking in all stocks that venture into their neighbourhood. Neither do they 

always cause acceleration in trading. For upper price limits there seems to be a 

reduction in trading activity as a stock approaches its limit price. For lower price 
limits, there is acceleration. However, it can not be concluded that the existence 

of a lower price limit causes the acceleration in trading. That falling prices evoke 
fear and induce panic related trading is a possibility that is also confirmed by 

examining the extent of trading at the limit prices. 

94 In the price-volume literature Jones, Kaul and Lipson (1994) have shown that the information 
content of trades is contained in their frequency rather than volume, with the latter playing, 
often satisfactorily, a proxy for the former. 

9' The previous chapter of this thesis. 

174 



One of the reasons given to justify the implementation of price limits is that they 

counter the illusion that traders may have that markets are perfectly liquid and 
96 able to absorb massive one-sided volume. Fama (1989) reversed this argument 

and suggested that this advantage was a possible reason for their being 

self-fulfilling. We show in this chapter that this is not the case. Price limits do 

have benefits. They do prevent stock market overreaction 97 and do not 

necessarily cause it. 

Brady Commission "Report of the Presidential Task Force on Market Mechanisms", January 
1988. 
De Bondt and Thaler (1985) 
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Tables 

Average Band 1 Band 2 Band 3 
No Of Trades 23 79 496 

Daily Trade Value (Rs) 89,012 535,344 44,421,820 
Trade Size (Rs) 3,806 6,760 89,624 

Stock-Days 119,011 62,575 208,983 
j 

No Of Hits 
High 1,159 965 20,355 
Low 175 191 11,536 

Based on trading on the NSE over the period Mar-1999 to Apr-2000 

Table 1: Trade and Price Limit Hits in each Band 
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High Low 
Cutoff Distance 

(basis points) J3 t-stat Nobs t-stat Nobs 
20 -236.49 -5.55 178 39.39 1.32 48 
25 -191.89 -6.11 205 36.26 1.98 73 
50 -10.56 -0.94 242 8.69 0.60 126 
100 14.64 2.62 245 12.64 1.40 179 
200 2.81 0.94 249 8.40 2.11 217 
300 -2.02 -l. OP 250 5.67 2.04 237 
400 -1.93 -1.28 250 7.01 501 247 
500 -1.71 -1.48 250 5.94 6.6 7 249 

Table 2: Acceleration towards the Price Limit 
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Figures 
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Empirical probability, for Band-3 stocks, of returns from the previous day's close to the current 
day's high price. This is restricted, by design to [-8%, +8%] by the price limit rules. The spike at 

zero corresponds to thin trading and resulting price stickiness for some stocks on certain days. 

Figure 1: Close to High Returns Distribution 
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Probability bistribution of Returns in the 
Neighbourhood of the Price Limit 

low volatility stock 

7% rvtur" 8% rvturn 
(: Band3 limit) 

Figure 2: Hypothetical Grouping by Volatility 
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II istograrn of'returns from the previous day's close to the current day's high for the range 
[+7%, +81/o] for Band-3 stocks that do not close at their upper limit price. 

Figure 3: Band-3 Close to High Returns 
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Histogram of returns from the previous day's close to the current day's low for the range 
[-8%, -7%] for Band-3 stocks that do not close at their lower limit price. 

Figure 4: Band 3 Close to Low Returns 
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