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D E T E R M I N A N T S OF PRICES A N D SPREADS 
I N GLOBAL C U R R E N C Y A N D M O N E Y MARKETS 

by Francis Joseph Anthony McGroarty 

This thesis tackles two big questions. The first, from the macroeconomic literature 
is: what drives price? The second, from the market microstructure literature, is: 
what determines the bid-ask spread? The classification of these questions under 
these headings is conventional but is not strictiy accurate. While macroeconomics 
has nothing to say about bid-ask spreads, market microstructure is concerned with 
price determination. Indeed, market microstructure views the two questions as so 
closely related that each is a linear function of the other in certain model settings. 
This duality arises because every transaction price differs from the mid-quote price 
by the amount of the half-spread. Since the price sequence itself is made up of a 
series of price innovations, it follows that the average price innovation consists of 
a half-spread and of mid-quote revisions due to public news releases which are 
assumed random. However, this relationship does not teU us why bid-ask spreads 
arise in the first place nor does it fully describe why prices change. Two additional 
factors which move prices are inventory and asymmetric information. Inventory 
describes the (usually temporary) imbalances between supply and demand which 
give rise to the bid-ask spread as a management cost but which nonetheless 
require price innovations (concessions) to be absorbed. Asymmetric information 
about future price innovations not only contributes to the bid-ask spreads because 
of adverse selection risk, but it also drives price. The remaining factor necessary to 
complete the picture of what determines prices and bid-ask spreads is termed 
'microstructure effects'. These include price discreteness and price clustering. It is 
a simple fact that prices are not continuous but instead move in discrete units and 
that some prices are used more frequentiy than others. For the first time, this 
thesis reveals the percentage contribution of asymmetric information, inventory 
and of price clustering to bid-ask spreads in the order-driven inter-dealer spot FX 
and short term interest rate futures markets. It also quantifies the respective 
contributions of news and inventory in shaping prices in these markets. 
Independently, it proves that asymmetric information could not be the dominant 
driver of prices or of the bid-ask spreads, in both markets. Finally, it shows that 
the level of asymmetric information in spot FX rates fell precipitously after EMU. 
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Chapter 1. 

Introduction 

1.1 Two Big Questions 

This dissertation tackles two of the biggest questions in financial economics: 

1) what drives price?, and 2) what determines the bid-ask spread? It is an empirical 

market microstructure study, set in two of the world's largest financial markets: 

the global spot foreign exchange (FX) market and the collective European 

markets for short term interest rate (STIR) futures. Both of these markets are 

under represented in the literature, largely because of lack of data. The parts 

played by the market participants and by "microstructure effects" of the market 

are both investigated. The work presented offers a deeper understanding of these 

two issues than has been available hitherto, primarily because the high-frequency 

data assembled for each market is broader, deeper and longer than what has been 

put together for any previous analysis of either market, to the best of my 

knowledge. 

Although it is not immediately obvious, the questions of what drives price, and 

what determines the bid-ask spread, are equivalent in market microstructure 

theory. Price moves for one of three reasons: 1) mid-quote revision in light of 

public news, 2) private information transmitted via trading, i.e. adverse selection 

and 3) mean-reverting noise arising from inventory that market makers hold for 

short periods. In market microstructure models, the first driver is assumed to be 



random and is captured by an error term. The focus is on how private or 

"asymmetric" information and inventory together drive price innovations. On the 

other hand, the bid-ask spread is also deemed to have three components: 1) order 

processing cost, 2) a cost associated with adverse selection risk due to private 

information and 3) a cost associated with managing inventory. In empirical market 

micro structure studies, the first component is computed as a residual when the 

portions of the bid-ask spread due to the other two have been deduced. Factors 

two and three are the statistically identical for both price innovations and bid-ask 

spreads. 

The microstructure effects alluded to above include price discreteness and price 

clustering. Each of these has independentiy been associated with exacerbating 

volatility and with fostering path dependence. Both of these outcomes affect both 

price innovation and bid-ask spread levels. I find that these microstructure effects 

constitute an important factor which has been omitted in much previous empirical 

microstructure research into both questions. In price innovations, these features 

induce a bias that is not captured by normally distributed random error. In the 

bid-ask spread, they provide a windfall gain to liquidity providers. 

1.2 FX Bias 

The reader will sense that the assessment of both the spot FX and the STIR 

futures markets is not evenhanded. This thesis displays a distinct bias towards the 

former. I offer four justifications for this. First, this dissertation draws heavily on 

my own previous experience as a finance practitioner and more of that experience 

is in the foreign exchange market. Second, this study focuses on international 

markets and exchange rates play a key role in the study of international assets, 

even though they are not the specific focus. Third, the history of exchange rate 

economics is broader, longer and richer than that of financial futLires economics. 

Fourth, two of the most widely acknowledged puzzles in economics relate to the 

formation of spot exchange rates and the present analysis can shed new light on 



both of them. However, I contend that the inclusion of both markets in this study-

makes many of the findings and conclusions, particularly about order-driven 

markets, more general and more robust than they would be if only the spot FX 

analysis were presented. 

The two spot FX puzzles are: 1) the determination puzzle and 2) the excess 

volatility puzzle. The first puzzle relates to why exchange rate movements appear 

so poorly related to the fundamentals that macroeconomic theory says should 

drive them. The second puzzle, which is actually very closely related to the first, is 

why are exchange rate movements so volatile, given how stable their 

macroeconomic fundamental drivers appear to be. 

I find that excess volatility in exchange rates is largely caused by inventory, the 

magnitude of which turns out to be determined by the size of trade volume. Price 

clustering plays a supplementary role. A number of recent research papers have 

established a link between long-run exchange movements and fundamental 

drivers. This evidence supports a widely espoused view among FX market 

micro structuralists that order flow is the critical proximate determinant of 

exchange rates. I explain what drives order flow in terms of inventory, asymmetric 

information and news. The same explanation may also answer the determination 

puzzle but more information is required about the nature of sustained deviation of 

FX rates from fundamental fair value before this can be confirmed. 

1.3 Two Sub-themes 

Alongside the central theme described above, two sub-themes emerge. The first is: 

how have these markets changed since EMU? The second is: do market 

micro structure models which were developed for quote-driven markets apply to 

order-driven markets? 



The first sub-theme arises because the data span the period during which EMU 

occurs. This enables analysis of futures contracts and exchange rates which are 

denominated in deutschemark (DEM) as well as in euro (EUR). Also, the number 

of available instruments and the volume levels are very different. This helps to 

tease out inter-dependencies and robust features. 

The second sub-theme arises because the vast bulk of market micro structure 

theory originates in America and focuses on the equity market. By contrast, the 

futures markets I study are all in Europe and the global spot FX market has more 

of its volume traded in Europe than in America. However, the crucial difference is 

that these markets are not quote-driven, they are order-driven. To be stricdy 

accurate, some of the earlier STIR futures data does come from floor-based, pit 

trading which is often called quote-driven, but I find this to be similarly different 

from US equities and to be in many ways similar to electronic order-driven 

markets. 

1.4 Structure of the Analysis 

Chapters 2, 3 and 4 set the scene for the subsequent analysis by addressing three 

key background issues. The first is a review of our current understanding of how 

prices and bid-ask spreads are arrived at. Second, the institutions of these markets 

and aspects of market practice are described. Third, details of and background to 

the data used in this study are given. 

Chapter 5, is my first empirical chapter. It is a study of the links between price 

discreteness / price clustering and price innovation / spread size across all spot 

FX and STIR futures instruments, markets and sample periods. A new theory of 

price clustering is proposed and evidence in support of it is found. Much of this 

analysis is relevant to a currentiy topical debate about the reason for lower than 

expected spot FX volumes since EMU. Most pertinent to this, I provide the first 



exact measure of the bid-ask spread cost of changing from DEM to EUR and 

show that re-denomination alone increased the rninimum bid-ask spread by 74%. 

In chapter 6,1 explore the much documented intra-day seasonal patterns in bid-

ask spread, price change, volume and order flow and the relationship between 

them. A theory which can explain why these patterns collectively occur may help 

to explain what drives prices and bid-ask spreads. While intra-day patterns 

involving the first three of the factors mentioned have been studied before in a 

variety of market settings, the study of intra-day order flow is completely new. I 

synthesise the existing microstructure theory into a coherent, cogent and 

consistent latticework of hypotheses around a central theme of asymmetric 

information. In doing so, I uncover a major discrepancy in one of the key models, 

which I address. I use a correlation matrix structure to test these hypothesised 

relationships. Pre-EMU and post-EMU periods are compared. Finally, the 

importance of asymmetric information in forming the aforementioned intra-day 

patterns is disclosed. 

Building on the findings of chapters 5 and 6, chapter 7 quantifies the respective 

contributions of price clustering, asymmetric information and inventory in the 

formation of prices and bid-ask spreads. This analysis uses a well established 

model from the US equity market called the trade indicator model. As well as 

applying the original, I develop a modified variant of the model for order-driven 

markets. The modified model produces a much better result than the original. A 

comparison of pre-EMU and post-EMU markets using the modified model 

reveals how the roles of these factors have changed since EMU. 

Finally, chapter 8 summarises my findings, illustrates my contributions, distils their 

implications and highlights important areas for future research. 



Chapter 2. 

A Review of Relevant Theoretical Literature 

2.1 Introduction 

There are three aims in this chapter. The first it to trace the origins of and to 

summarise our current understanding of how prices are determined in currency 

and money markets, with the intention of exposing gaps in this understanding. 

The second to provide similar background to and snapshot of our current 

understanding of bid-ask spread formation. The third is to explain how these 

issues blend together and how they can be investigated as a single issue, which is 

the central theme of this thesis. 

2.2 Price Determination 

According to Markham(1987), futures trading in commodities could date back as 

far as 2000B.C., when "the merchants of what is now Bahrein Island took goods 

on consignment for barter in India.". However, Daigler(1993) points out that 

financial futures did not come about until the late 1970s, when high and volatile 

U.S. interest rates drew the interest of the entire financial community to the idea 

of hedging. 



The "price" of a futures contract is a little misleading. In the context of a futures 

contract, the term price is not an immediate transaction price. Instead, it refers to 

the expected delivery price when the contract is settied at the end of the period. In 

the specific case of a 3-month STIR futures contract, the price refers to the value 

on settiement day of the 3-month discounted par value. For example, if the par 

value is €100, the price equates to the value of €100 three months prior to the par 

value date. This value, in turn, equates to the amount of money that I would have 

to place on deposit at the STIR rate of interest in order to get €100 at the end of 3 

months, i.e. on the par date. The interest rate to which STIR futures relate is the 

inter-bank rate. This is closely associated with the headline 'base rate' which 

changes only infrequently and is accompanied with great media fanfare when it 

does change. The difference between the base rate and the inter-bank rate is a 

margin determined by the aggregate perceived risk of the banks that make up the 

official inter-bank rate- setting panel. The inter-bank rate is normally set once a 

day. Futures prices deviate around the price implied by the official rate because of 

order flow ( = buy volume — sell volume). These order flow imbalances are often 

interpreted as revealing the aggregate change in market expectations about future 

interest rates. 

Unless exchange rates are fixed, interest rates and STIR futures can not be 

compared internationally without first taking account of exchange rates. Indeed, as 

I discuss below, in a floating exchange rate regime, the relationship between two 

countries interest rates and their exchange rate is tightiy inter-woven. 

2.2.1 Parity Theories 

Parity theory suggests that exchange rates are governed by the "law of one price" 

which states that identical goods, commodities or assets should have the same 

price in all markets. In the combined foreign exchange and money market 

relationship, the law of one price is expressed in four different ways, as two 

riskless arbitrage conditions and two "risky" arbitrage conditions. The two riskless 



arbitrage conditions are the spot exchange rate no-arbitrage-pricing condition and 

Covered Interest rate Parity (CIP). The two "risky" arbitrage conditions are 

Forward Rate Parity (FRP) and Purchasing Power Parity (PPP). 

The spot exchange rate no-arbitrage-pricing condition theory tells us that every 

currency pair must be priced consistently with all other currency pairs. So, for any 

set of currencies A, B and C, the exchange rate A / B must equate to the combined 

exchange rate A / C multiplied by C/B. Similarly, the rates A / C and C/B must 

conform to combinations of the other two. If one exchange rate were to become 

mispriced, then combinations of the other two could be used to indirectiy 

exchange the same currency pair. If a mispricing arises, it means that the direct 

and indirect rates do not match. By simultaneously buying at the cheaper rate and 

selling at the dearer, a riskless profit may be realised, while the pressure of supply 

and demand drive the direct and indirect rates back into line. 

CIP was first proposed by Keynes(1930). CIP arbitrage says that it is not possible 

to make a risk free profit by borrowing at one risk free rate and investing at 

another risk free rate, while at the same time, hedging away any currency risk. If 

country A had an interest rate of 8% and country B had an interest rate of 10%, 

we might expect to borrow at 8% and lend at 10% and make a 2% profit for 

doing nothing. However, if country A and country B have floating exchange rates, 

any expected profit could be more than offset by exchange rate drift. In order for 

no riskless profit opportunities to exist, the cost of hedging must equal the 

potential profit that would exist if exchange rates were fixed (2% in this example). 

If the cost of hedging were higher, the counter-intuitive arbitrage opportunity 

would be to borrow at the liigher rate and lend at the lower rate. This time, as a 

result of going from country B to country A, instead of paying for hedging, I 

receive the hedging payment. So, my loss on the interest rate difference (2%) is 

more than made up for by my gain on the forward (>2%). 



In today's world, CIP is a riskless arbitrage proposition because traders in foreign 

exchange markets derive the forward exchange rate by applying an interest rate 

differential to the prevailing spot FX rate using the CIP relationship. 

FRP relates the forward rate to the future spot rate. It says that the forward rate 

should not systematically over-estimate or under-estimate the future spot rate 

change. If it should systematically over-estimate the future spot rate, then funds 

should be borrowed at the lower interest rate and invested at the higher interest 

rate (without hedging the currency). This would exert upward pressure on the spot 

exchange rate and, respectively, upward and downward pressure on the low and 

high interest rates to restore equilibrium. On the other hand, if the foru'ard rate 

should systematically under-estimate the future spot, the same apparentiy 

counterintuitive result arises as with CIP. Namely, that funds should be borrowed 

at the high interest rate and invested at the low interest rate. This strategy should 

be pursued because the combined low interest rate and currency gain would 

exceed the high interest rate borrowing cost. 

PPP is arguable the best known parity theory. It is most closely linked with the 

name of Cassel(1916 and 1918) whose work popularised it. However, its origins 

go back to the mercantilist literature of the seventeenth century. Lahtinen(2003) 

states that the Spanish Salamaca school were probably the first to articulate the 

theory. An awareness of the relationship is clearly evident in the writing of 

Hume(1741) (pages 318-319). PPP says that goods, net of transport costs and 

taxes, should cost the same everywhere. If goods are cheaper or dearer in one 

place than in another, then market forces should act to erode the anomaly. This 

will happen because demand will increase for the cheaper goods, exerting upward 

pressure on the cheap price and the cheap currency. This will cause demand for 

the dearer good to faU, exerting downward pressure on the dear price and the dear 

currency. 

Adding much confusion to the study of foreign exchange rate determination are 

two alternative theories which some writers describe as parity theories in their 



own rights. In fact, both are combinations of FRP and PPP. These other parity 

theories are: 1) the International Fisher Effect (IFE) and 2) Uncovered Interest 

rate Parity theory (UIP). IFE asserts that, in equilibrium, real interest rates are the 

same in all countries and so differences in nominal interest rates solely reflect the 

inflation rate differential. UIP states that the nominal interest rate equals the real 

interest rate plus compensation for expected inflation. Neither of these 

contributes anything more to our understanding of exchange rate dynamics 

beyond that already provided by the four parity theories discussed above. In 

fairness, the intellectual contribution in the FRP-IFE-UIP theory is Fisher's(1930) 

IFE. However, in the present work, I use the FRP theory because I think it is 

clearer. 

The Mundell-Fleming model introduces foreign exchange market equilibrium into 

the Keynesian equilibrium IS-LM model. This model can be traced back to two 

separate papers; Mundell(1962) and Fleming(1962). The original Hicks-Hansen IS-

LM model showed how the real and money economies relate to each other. Under 

floating exchange rates, this does not add much to our understanding of the 

relationship between interest rates and exchange rates. Rather, it implements 

interest rate parity theory within a broader macroeconomic model. The model 

assumes that, without capital restrictions, all domestic real interest rates equate to 

the world real interest rate. Therefore, any apparent difference in nominal rates 

must be associated with domestic inflation and must disappear in exchange rate 

drift. In other words, it imposes the above parity theories on the IS-LM 

framework. 

The parity theories describe a world which is nice, neat and self-regulating, in 

which economic value is transferred from place to place and time-period to time-

period smoothly and seamlessly. In the real world, things work less perfectiy. The 

two riskless arbitrage conditions do indeed hold. Note that these two conditions 

are independent of each other, i.e. an anomaly arising in one would not necessarily 

cause the other to be mispriced. That FRP has not held is well documented in the 

empirical foreign exchange literature. Empirically, it has been observed that the 
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forward rate consistendy overestimates the magnitude of the subsequent spot rate 

change. In many instances it even persistendy gets the direction wrong. 

Engel(1996) wrote a comprehensive review of the literature on the forward rate 

bias anomaly. PPP also fails empirically. The best defence tiiat can be mounted for 

PPP by its proponents is that it is a very long run force and will eventually erode 

pricing anomalies. Engel(2000) produces a convincing dismissal of even that. 

The theories of PPP and FRP make heavy demands on each other because both 

depend on the spot exchange rate as a transmission mechanism. If changes in 

underlying demands should drive either one from equilibrium, the pressure would 

fall on the spot exchange rate to restore equilibrium. If a perturbation appears in 

one measure while the other remains in equilibrium, one rule would require the 

spot exchange rate to change while the other requires it to stay the same. Another 

way to look at this is that if FRP were fixed, then for PPP to hold, domestic 

inflation would have to exactly absorb all exchange rate drift. On the other hand, 

if PPP were fixed, any exogenous rise in inflation would need to be simultaneously 

offset by an interest rate which aligned the forward rate with the spot exchange 

rate trajectory implied by the inflation differential. The big problem here is that 

inflation is a lagged variable, in that we only find out about after it has occurred, 

while interest rates are a leading measure since it has to be declared in advance. 

This means that the only way for the FRP-PPP relationship to hold exactiy, 

through time, is if nominal interest rates perfectly predict future inflation, thereby 

holding the real interest rate constant. This is stronger that the FRP alone 

demands because errors in the expectation of inflation would still cause a breach 

of PPP. 

Hartmann(1998) says that spot currency flows split into three components, related 

to investment activity, to trading and to government intervention, in decreasing 

order of importance. In the context of the FRP-PPP problem, this means that 

spot FX flow activity linked to FRP should dominate that of PPP. However, 

investment based flows are determined by the whole panoply of investment 

opportunities within a country, not just the short term interest rate assumed in the 
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FRP condition. For FRP to hold across all investment horizons and credit ratings, 

the ratio of returns would have to be identical for every time horizon and 

instrument type, across all countries. This is not what is observed empirically. 

Indeed, there is no shortage of evidence which shows that interest rate cuts often 

cause the equity market to rally because they are perceived as positive economic 

stimuli. Direct observation of FX dealers taught me that this higher short-term 

expected return in the equity market can more than outweigh lower expected 

return in the short-term interest rate. This is because it draws an inflow of capital 

into the equity market, thereby producing the opposite effect on the exchange 

rate, via order flow, than that predicted by FRP. 

The FRP-PPP failure essentially permits the existence of the three most widely 

aclmowledged major puzzles in exchange rate economics. If FRP-PPP held, it 

would be impossible for any of these puzzles to arise. As Lyons(2001) puts it, the 

three big FX puzzles are: 

2 Mĝg wofgwgw/j" are gx'CgJJ'wĝ  w/aAA rg/̂ Az/g A; 

j) T ] 6 g r a ^ g g.x-fgjj rr/wrwi gArcZ/a/î g ar% aW 

The present thesis contributes to the debate surrounding the first two puzzles. 

2.2.2 Introducing Expectations 

With the breakdown of Bretton Woods in the 1970s, came floating exchange 

rates. At the time, economists were greatly surprised by the volatility and 

directional behaviour of exchange rates. It was not consistent with what the 

dominant Mundell-Fleming theory had predicted. Dornbusch(1976) suggested an 

important modification to the model — to include expectations. He suggested that 

the initial response to a fiscal or monetary stimulus might be for the exchange rate 
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to overshoot and then to reverse. Dornbusch(1976) also suggested that goods 

prices are sticky in the domestic market and that exchange rate overreaction will 

be more closely associated with asset market activity. 

Meese and Rogoff(1983) showed that even with the Dornbusch(1976) insight, 

exchange rate economics had still failed to produce a model which fit the 

empirical data. 

Frankel and Froot(1990) furthered the Dornbusch(1976) dogma of expectations 

in exchange rates. However, their work also signalled an important shift in 

academic thinking because they consider the behaviour of agents within the FX 

market instead of only the behaviour of general economic agents whose focus lay 

on goods or assets outside the market mechanism itself They proposed a model 

of "chartist" speculators who, collectively, do not use any fundamental means to 

evaluate investment opportunities, but instead chase trends. For example, if a 

central bank were to raise short-term interest rates. According to the 

Dornbusch(1976) model, the domestic currency would first appreciate, but then 

would almost immediately go into a gradual reverse. Instead, Frankel and 

Froot(1990) suggest that after that initial jump, speculators exhibit herding 

behaviour and create a bubble. They observe that sterling has risen. In the belief 

that the trend will persist, they continue to invest in sterling. Their speculative 

behaviour pushes the price up which causes their prediction to fulfil itself Thus, 

market participants are led to conclude that an interest rate increase is associated 

with future appreciation of the domestic currency. 

2.2.3 Market Microstmcture and Exchange Rate Determination 

Market microstructure is a broad church and numerous facets of it contribute to 

an explanation for exchange rate evolution. Things have moved on considerably 

since Flood (1991) stated that, "littie attention has been paid to the particular 

microstructure of the foreign exchange market". However, the microstructure of 
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the foreign exchange market is still less researched than other markets. On the 

empirical side, as ap Gwilym and Sutcliffe(1999) point out, this is largely due to 

the lack of data. 

The micro structure perspective studies the market mechanism which actually sets 

prices, rather than on how value imbalances between exogenously determined 

equilibria pressure individual exchange rates and asset prices into line. One way to 

think about this is as the "invisible hand" of the market being put under a 

microscope. Macroeconomists expect this to show how shifts in the macro level 

equilibria are smoothly translated at the level of the individual asset or exchange 

rate. However, the empirical side of the field finds that aggregate trading activity, 

in the form of order flow, is frequently and awkwardly evident at the macro level, 

in a way that does not snugly fit with the prevailing fundamentals. 

The spotlight is drawn to the phenomenon of vehicle currencies. Vehicle 

currencies are a feature of the inter-dealer market. When a bank exchanges a 

currency with a customer, it ends up holding a position in one of the currencies 

that it may not want. The dealer will then use the inter-dealer market to exchange 

this currency for a currency that the bank does want to hold. However, if the 

volume of trade in this exchange rate is low, the dealer will first exchange the 

currency into a liquid currency and then from the liquid currency into the desired 

currency. The Uquid currency in this scenario is called a vehicle currency. The use 

of vehicle currencies distorts the relationship that price determination has with 

volume and order flow because it permits the possibility that instances of either 

could be merely passing through and may not be in any way related to 

fundamentals, in the wider Lyons sense of the word. In addition, as 

Hartmann(1998) illustrates, vehicle currency trading should lower the bid-ask 

spread associated with the vehicle exchange rate. This is largely because it spreads 

out the fixed overhead costs associated with order processing. 

Osier (2003a and 2003b) shows how features of the market practice and structure 

give rise to certain trading behaviours which, in turn, could give rise to 
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considerable volatility and significant deviations of exchange rates from the long-

run equilibrium levels. The main feature that her work highlights is the tendency 

of banks to have hidden limit orders at certain price levels. These are often placed 

by the exotic derivatives desks in these banks. The effect of these limit orders is to 

release an amount of volume that pushes in the same direction as prevailing 

trajectory of the exchange rate. These limit orders take the following forms: "If 

the rate should rise to X, then buy Y amount of the currency" or "If the rate 

should drop to X, then sell Y amount of the currency". This is because they are 

associated with "stop loss" and "take profit" activities. These features can result in 

"price cascades" when volatility is high. 

Evans and Lyons(2002) was the first widely acknowledged paper to present an 

empirical work which shows that "order flow" helps considerably in predicting 

behaviour in spot FX rates. Order flow is defined as "buying volume — selling 

volume". (Actually, they use "number of buy orders — number of sell orders" as a 

proxy for order flow because they do not have actual volumes.) They find that the 

cumulative imbalances between buying and selling pressure are not mean-

reverting. Instead cumulative order flow follows a random walk. They further 

show that this cumulative order flow is an important factor in determining the 

exchange rate, and that its significance is far greater that of the short-term interest 

rate. 

Killeen, Lyons and Moore(2003) use the model from Evans and Lyons(2002) to 

address the excess volatility puzzle. They use daily aggregate inter-dealer data from 

EBS to explore the volatility in D E M / F R F before and after EMU. (Note that 

their data was not high frequency like the data I received from EBS and use here.) 

This currency pair and time period is particularly interesting because it affords the 

opportunity to compare volatility between fixed and floating exchange rate 

regimes and to identify its cause. They found that order flow and price are 

strongly cointegrated under the floating regime, whereas they are unrelated under 

the fixed regime. Furthermore, they found that order flow was exogenous and that 

it drove price rather than the other way around. As Lyons(2001) put it, "when a 
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gap opens in the long-run relationship between cumulative order flow and the 

exchange rate, it is the exchange rate that adjusts to reduce the gap, not cumulative 

order flow.". 

Lyons(2001) argues that exchange rate levels should be linked to discounted future 

payoffs and therefore that changes in exchange rates should be related to either 

changes in future payoffs or changes in the discount rate. He further argues that 

the discount rate comprises two distinct parts. One is related to transient 

inventory and the other to "portfolio balance" effects. The latter have a 

permanent effect on price but are not associated with changes in expected futures 

payoffs. Lyons(2001) suggests that asymmetric information about future 

accumulated inventory could drive price. 

Flood and Rose(1995) suggest that asymmetric information is not credible as a 

significant driver of exchange rates when they state: "Intuitively, if exchange rate 

stability arises across regimes without corresponding variation in macroeconomic 

volatility, then macroeconomic variables will be unable to explain much exchange 

rate volatility. Thus, existing models, such as monetary models, do not pass our 

test; indeed, this is also true of any potential model that depends on standard 

macroeconomic variables. We are driven to the conclusion that the most critical 

determinants of exchange rate volatility are not macroeconomic." 

Froot and Ramadorai(2001) use cross border institutional investors flows data 

from State Street Bank (my former employer), to explore movements in exchange 

rates. They find that these portfolio flows are strongly and positively related to 

movements in exchange rates. They also find that the flows are strongly 

autocorrelated. Furthermore, they find that these flows forecast a rise in the equity 

market into which the funds flow. This is evidence that asset returns, other than 

the short term interest rates associated with FRP, are important for determining 

exchange rates. Froot and Ramadorai(2001) go on to compare the performance of 

the equity market with funds which are invested in that market but are quoted on 

NYSE or AMEX (i.e. closed-ended country funds). They find that these two 
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exhibit similar responses to flows of funds into the country but that the discount 

rate on the fund is uncorrelated with the flows. They interpret this as evidence in 

favour of the information driver over the inventory driver of exchange rate 

changes. 

Froot and Ramadorai(2002) find that their investor flows data is not closely 

related to future fundamentals. By separating currency returns into temporary and 

permanent components, the authors show that flows appear important in 

understanding temporary and transitory deviations in currency returns. In other 

words, portfolio flows contribute to volatility. However, they find that portfolio 

flows are either not related to, or are negatively related to, permanent exchange 

rate shifts. Instead, over long horizons, they offer some evidence that future 

interest rate differentials are associated with the permanent part of exchange rate 

changes. These findings support the conclusions of Mark(1995), as well as those 

of Flood and Taylor(1996), about fundamentals driving price over the long run. 

2.2.4 A Summary of Our Current Understanding of FX Rate Determination 

Lyons(2001) describes the three ongoing puzzles in exchange rate economics as 1) 

determination, 2) excess volatility and 3) forward rate bias. I attribute all three to 

the combined failures of the FRP and PPP propositions. A critical problem with 

FRP is that it focuses on a very narrow definition of return, i.e. short term interest 

rate. In practice, investors are motivated by a wide range of available investments 

opportunities and, empirically, these do not rise monotonically as the maturity 

horizon rises. 

I show that the market micro structure approach brings many potentially 

explanatory factors into focus. I show that a close link has been established 

between order flow and exchange rate movements. In addition, a firm link has 

been established between international institutional investor flows and exchange 

rate movements. The evidence so far affirms the role of flows as a proximate 

17 



determinant of changes in FX rates, which helps to explain excess volatility. On 

the other hand, evidence is emerging which suggests that long-run exchange rate 

determination is more closely Unked to fundamentals. However, this finding 

should not obscure the fact that, at any instant, an exchange rate will probably be 

some distance away from its fundamental fair value level. It remains to be resolved 

whether order flow is generated by uninformed inventory or are prompted by 

information about future fundamentals. 

2.3 Bid-Ask Spread Theory 

In contrast to the long history of price determination theory described above, the 

theory relating to how bid-ask spreads are formed only evolved over the past three 

decades. Most of the theory that has emerged is closely modelled on the US equity 

market and characterises the interaction between three types of economic agent: 

the market maker, the informed trader and the uninformed trader. This is the 

subject of the next section. In section 2.3.2,1 present some research that relates to 

order-driven market models, which is the market structure that most closely 

resembles the markets that my data come from. 

2.3.1 Quote-Driven Models 

Quote-driven bid-ask spread models form two distinct groups. The first is made 

up of inventory models. The second group consists of asymmetric information 

models. Both classes of models are explored in detail in 0'Hara(1995). 

Demset2(1968) was probably the first to address the question of what determines 

the bid-ask spread. Although he lacked the language of bid-ask spread analysis 

familiar to market microstructure researchers today, he squarely addressed how 

market microstructure affected transactions costs for NYSE stocks. He used the 

concepts of "immediacy", "externality" and "monopoly" to explore issues of 
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efficiency and inventory management risk. However, it was Carman's(1976) work 

on temporary order flow imbalances that formally launched the field of market 

microstructure. Amihud and Mendelson(1980) re-formulated Carman's model to 

permit inventory to influence the setting of the bid and ask prices. The 

Carman(1976) and Amihud and Mendelson(1980) models assume that the market 

maker is a risk neutral monopolist. Sto11(1978) re-casts the market maker as a risk 

averse supplier of immediacy who must be rewarded for the service that s/he 

provides. It was Sto11(1978) who first defined the three components of the bid-ask 

spread as those linked to 1) order processing, 2) inventory holding and 3) adverse 

selection risk. Stoll(1978) also was first to show that the mid-quote should 

respond to the inventory level but that the bid-ask spread itself should not. Ho 

and Stoll(1981) extend Stoll's(1978) model to a multi-period framework and 

provide insight on how time horizon, transaction size, price change variance and 

relative risk aversion affect the relationship between inventory and the bid-ask 

spread. In general, inventory models only model the interaction of uninformed 

traders with market makers. Interaction involving informed traders is the focus of 

asymmetric information models. 

A short paper by Jack Treynor, using the pseudonym Walter Bagehot(1971), is 

credited with first distinguishing between profit made from holding an asset and 

profit made or lost from trading it. Market makers lose money when they trade 

with informed traders. This insight sowed the seed for the concept of informed 

trading and how this affects bid-ask spreads. In the 1980s, a number of important 

papers were published which greatiy expanded the theory on asymmetric 

information and bid-ask spreads. The first of these was Copeland and Galai(1983) 

who develop a model in which order flow is not exogenous but exploits 

information about future price. This shows that a bid-ask spread can arise for 

reasons other than inventory or fixed exogenous transaction costs. Closten and 

Milgrom(1985) permit the market maker to deduce the information from 

informed trades and to adjust bid and ask quotes accordingly. This is achieved is 

through setting "regret-free" bid and ask prices which are conditioned upon the 

next buyer or seller being informed. The sequence of prices in this model forms a 

19 



Martingale. Glosten and Milgrom(1985) assume that trading occurs as a sequence 

of constant units and that price signals to informed traders happened in every 

period. In contrast, Easley and 0'Hara(1987) show that varying the trade size 

impacts both bid-ask spread and the transaction price, and introducing price signal 

uncertainty affects the evolution of the mid-quote. 

2.3.2 Order Driven Models 

In an order-driven setting Cohen, Maier, Schwartz and Whitcomb(1981) conclude 

that the bid-ask spread has a different meaning to that in quote-driven markets. 

They assert that the size of the bid-ask spread is a measure of non-execution risk 

for self-interested long-term holders, rather than compensation for a risky 

intermediate holding service provided by obliging short-term holders. Cohen et 

al(1981) find that the size of the bid-ask spread is the crucial factor that 

determines whether a trader submits a market or a limit order, reflecting the fact 

that the advantage of price betterment lessens as the bid-ask spread falls. It 

follows from this that the bid-ask spread must be positive in equilibrium. A recent 

related study of bid-ask spreads in order-driven markets by Foucault, Kadan and 

Kandel(2001) supports these conclusions. 

2.4 Conclusion 

Heretofore, very different literatures have addressed the separate questions of 

price determination and bid-ask spread determination. The FX pricing question is 

firmly in the realm of macroeconomics. Although much recent work does take a 

market microstructure approach, the puzzles and questions remain 

macroeconomic ones. On the other hand, macroeconomics has nothing to say 

about the bid-ask spread. Interest in bid-ask spread determination is the sole 

preserve of market microstructuralists. However, market microstructuralists do 

also have an interest in price formation. Indeed, at the level of the individual trade. 
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almost all microstmcture models define price change as a function of the bid-ask 

spread or vice-versa. Important examples of this include Ro11(1984) and 

Kyle(1985), as well as the bid-ask spread models described above. The close 

relationship between the bid-ask spread and price change at the elemental level 

means that the factors that determine one must also determine the other. This 

equivalence is clearest in the trade indicator model which is presented in chapter 7. 

This model has been used to derive the components of the bid-ask spread by 

Huang and Stoll(1997) and also to show the drivers of price innovations by 

Madhavan, Richardson and Roomans(1997). I exploit this duality in chapter 7 to 

jointly answer the two central questions of this thesis. Before that, the parts of this 

answer are explored separately in chapters 5 and 6. There are stark differences 

between order-driven and quote-driven bid-ask spreads. The trade indicator 

model introduced in chapter 7 draws heavily on its quote driven-inventory and 

asymmetric information heritage. I modify this model specifically to fit it to the 

order-driven market environment. 

It is worth noting that market microstructure actually provides insight into two 

distinct sets of factors which shape prices and spreads. Only the first of these 

relates to the inter-action of market participants which is addressed above. The 

second set of factors is termed microstructure "effects". These relate to the 

market institutions and the denominational units of price. They do not involve 

behaviour or inter-action and so lack any formal theory. However, that does not 

mean they do not have an influence. My new derivation of the trade indicator 

model permits the inclusion of two of these microstructure effects: price 

clustering and price discreteness. The influence of these two features on price and 

the bid-ask spreads been has recognised in previous research papers, as I discuss 

in chapter 5. Although they have yet to be embraced by the core literature that 

purports to explain either price determination or bid-ask spread formation. 
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Chapter 3. 

Market Practices and Structures 

3.1 Introduction 

Market microstructure thrusts the practices and structures of the market 

mechanism into the centre of the stage in the quest to unmask the key drivers of 

price and the bid-ask spread. Both of instrument types that I study here are traded 

within vast markets which have disjointed structures. In both cases, the data I use 

comes from the largest, most liquid and most transparent part of the broad 

market, the inter-dealer market. This chapter presents details of the practices in 

and the structure of spot FX and STIR futures inter-dealer market. It shows why 

they are so important. It also addresses problems that arise in trying to explain 

behaviour in these markets with theoretical models that come from a very 

different environment. 

3.2 The View from a Dealing Desk 

I have firsthand experience of the currency and money markets, as I spent several 

years working as a manager in the foreign exchange division of State Street Bank, 

who are one of the largest banks in both of these markets. This experience 

showed me that large banks dominate the foreign exchange business. They 

provide market-making services to fund managers, self-managed institutional 
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investors, hedge funds corporate treasuries and smaller banks. Dealers also make 

money for their employer banks by speculating in the market. They do this by 

taking a long or short position in an instrument based on their expectations of the 

near future. 

Lyons(2001) gives an excellent account of sub-markets that make up the foreign 

exchange market and how these inter-relate. Briefly, FX divisions in banks deal 

with customers on one side and with other dealers, via the inter-dealer market, on 

the other. The ostensible reason for dealing with other dealers is to manage 

inventory, i.e. to offload a currency position that a bank has received from a 

customer but does not want to hold. The customer bid-ask spreads are much 

larger than the inter-dealer bid-ask spread. This means that customer deals are 

generally profitable and inventory risk is low since it is cheap to dispose of. 

Banks generally maintain separate spot and forward exchange rate desks. On a 

spot desk, individual traders specialise in certain liquid currency pairs. The 5 most 

liquid currency pairs in 1999 were believed to be, in order of decreasing liquidity: 

EUR/USD, USD/JPY, USD/CHF, GBP/USD and EUR/GBP (Killeen, 

McGroarty and Moore(2000)). From this and from Hartmann(1998), it is clear 

that the US dollar, the euro and the Japanese yen are by far the three most 

important currencies in the world. Of the remainder. Sterling and the Swiss franc 

are more important than the others. 
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Most inter-dealer spot FX trading is now done over two electronic inter-dealer 

trading systems. Certain currency pairs trade on one system and other pairs trade 

on the other system. The first trading system is called Reuters D2000-2. This 

platform has liquidity in the commonwealth currencies and Scandinavia. The 

second system is EBS (Electronic Broking Systems), who provide the FX data for 

this study. EBS hosts larger volumes than Reuters and has liquidity in euro, US 

dollar, Japanese yen and Swiss franc currency pairs. 

The EBS Spot Dealing System (figure 3.3) is a screen-based, order driven, pre-

trade anonymous, electronic trading system. After a dealer "takes" an existing limit 

order, identities are revealed and the counterparties settle directly with each other. 

The EBS screen displays the best bid and ask prices alongside "size" (in US$). 

Traders typically deal in unit values of either $5 million or $10 million. Market 

depth is not visible on the dealing screens, as amounts available for trading at 

prices "outside the touch" (lower than the highest bid or liigher than the lowest 

offer) are not displayed. A dealer can monitor his own recent trades in a sub-

window visible only on his own terminal. All recent trades executed on the EBS 

system are displayed in another sub-window but the counterparties are not shown. 

EBS pre-screens the credit of dealers so that they can only see prices for available 

trades with counterparties with whom they have credit Hmit agreements and, even 

then, only when the trade size is within their remaining available credit. Dealers 

can submit either limit orders or market orders to the system. To place a limit 

order, the dealer "makes" or posts a (bid or offer) price and quantity for a 

currency pair, at which he is willing to deal. To execute a market order, a dealer 

"takes" or accepts a price-quantity combination previously posted by another 

dealer. The dealer who executes a market order is deemed the initiator of the 

trade. A dealer who submits a limit order that is equal to or higher(lower) than the 

best available offer (bid) triggers immediate execution of an existing limit order and 

is deemed the initiator of the trade. 

Notably, Lyons(2001) attributes only one-third of major market FX spot volumes 

to trades with customers. Therefore, two-thirds of spot FX volumes take place 
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between dealers. He also points out that over half the total spot volume of the 

most liquid currency pairs is concentrated in the largest ten FX banks. Lyons 

explains this puzzling fact by "hot potato" trading. The latter arises in direct inter-

dealer FX trading, where inventory imbalances are passed from one dealer to 

another, who in turn passes it on to another dealer, and so on. However, hot 

potato trading has steadily declined in recent years as brokered inter-dealer trading 

has steadily eroded the market share of direct inter-dealer trading. Hot potato 

trading is not a feature of brokered inter-dealer trading because limit order traders 

are not obliged to provide two-way prices. Therefore, a party who submits a limit 

order must actually want the position that results from the trade, removing the 

motivation for hot potato trading. According to Lyons(2001), "by the end of 

2000, only about 10 percent of inter-dealer trades were direct". 

Forward exchange rates are provided by banks to their customers. Forward rates 

are priced by applying relative interest rate differentials to the prevailing spot rate. 

This is how the CIP relationship is implemented to derive the forward rate from 

the current spot rate. Banks do not hedge these forward instruments by dealing in 

forward rates in the inter-dealer market. Instead, they hedge their spot component 

and their interest rate components separately. For this reason, every forward trade 

entails an immediate spot trade but the reverse is not true. This, in turn explains 

why the forward desk is always smaller than the spot desk. When it comes to 

hedging interest rate exposure, much of this is done bilaterally between banks 

using forward rate agreements(FRAs). However, to the best of my knowledge, 

there are no data available which show what proportion of total banks' interest 

rate risk is hedged bilaterally and what proportion is hedged in an open market. 

Forward traders also monitor a variety of money market instruments, including 

STIR futures, on systems such as LIFFE CONNECT. They use these both to 

hedge and to exploit arbitrage opportunities, if any should arise. 

The LIFFE CONNECT system is a fully integrated electronic trading platform. 

However, instead of creating a standard interface, like EES, LIFFE chose to build 

a core architecture for electronic trading. They collaborate with sixteen 
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independent software vendors to build front ends with functionality customised to 

the needs of different groups of traders. Each of these front ends communicates 

with the LIFFE "Trading Host" via the LIFFE API (Application Programme 

Interface), which is a common software protocol. Like EBS, at the heart of LIFFE 

CONNECT lies a central order book. Dealers can submit bid or offer limit 

orders. Alternatively they can submit market orders which will take out existing 

limit orders. The LIFFE CONNECT facility also permits "Market on Open 

Orders". These are submitted at prior to market open for execution at market 

open. Like EBS, LIFFE CONNECT is pre-trade anonymous. In fact, traders 

don't get to see who their counterparty was until three days after the trade. This 

happens because LIFFE CONNECT counterparties don't settle directiy with each 

other. Rather the market is settied centrally through the London Clearing House. 

A notable feature of the LIFFE CONNECT system is that it makes available real-

time market depth information. This enables users to track and view all price and 

aggregate volumes for buy and sell orders of a specified contract month or series. 

Two pages from the LIFFE CONNECT service offered by Bloomberg are shown 

below. 
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3.3 Inter-Dealer Price-Setting Hubs 

The inter-dealer spot market plays an important role in the determination of price 

because it is transparent, while the other parts of the FX market are not. So, the 

inter-dealer market effectively sets the mid-quote level for the bilateral, opaque, 

customer-focused side of the FX business. Over the past decade, the market share 

of direct inter-dealer spot FX trading has steadily declined and brokered trading 

has risen to dominate this inter-dealer market. In contrast to BIS(1998) where 

only half of all inter-dealer trades were electronic, BIS(2001) showed that this rose 

to around 90% just three years later. The fact that brokered inter-dealer trades 

take place on market-wide electronic trading systems means that prices of 

executed trades are quicldy disseminated across the market. Approximately 60% 

of total global spot FX volume takes place in the inter-dealer market. By contrast, 

customer trades are bilateral as each bank only sees its own customers' trades and 

not those of any of its rivals. This is why banks need a broader measure of how 

prices are moving and what their current levels are. The inter-dealer market 

provides these. In this sense, the spot FX inter-dealer market can be seen as a 

price-setting hub from which the rest of the spot FX market takes its cue. 

In a similar way, the STIR futures market can be seen as a real-time interest-rate-

setting hub for banks who wish to manage risk associated with future cash flows. 

Apart from liabilities arising from foreign exchange forward transactions, banks 

accumulate a wide range of other cash and short-term liabilities through various 

other business activities. Banks even offer Forward Rate Agreements (FRAs) 

directly to their customers. The money market instruments that banks use to 

hedge these exposures are characterised by a high degree of safety of principal and 

tend to be issued in very large denominations, e.g. €1,000,000. Cook and 

Laroche(1993) provide a detailed description of the different kinds of money 

market futures and other instruments used by banks. The main reason these 

money markets arose in the first place, is to bridge the time gap between receipts 

and expenditures. The largest, most Uquid and most transparent market in which a 

bank can hedge these risks is the STIR futures market. 
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3.4 Order-Driven V Ouote-Ddven Markets 

From the discussion of electronic trading above, it may be deduced that both the 

spot FX inter-dealer market and the STIR futures are order-driven markets. 

Actually, this is true only for the latter half of the data period studied. In the first 

half of the period, STIR futures trading was "floor based" (i..e. quote-driven), 

switching to electronic trading in 1999. Although, as I shall argue in chapter 7, 

many features of the quote-driven STIR futures market are more closely aligned 

with those of the order-driven market models than the particular type of US-

equity based quote-driven on which most of the extant theory is currently based. 

In any case, the fact that most of the data comes from an order-driven system 

presents a problem for an empirical market micro structure analysis such as this. 

The problem is that most existing market micro structure theory assumes a 

radically different market environment. 

"Quotes" in quote-driven models are indicative rather than binding. They are 

often said to be good "only as long as the dealer's breath is warm". By contrast, 

"quotes" in order-driven markets are referred to as firm or binding. These are 

limit order prices on declared quantities which a (market order) trader can choose 

to accept or not. Most existing US-equity-based theoretical models contain three 

key types of agent; market makers, uninformed traders and informed traders. The 

inter-action of these three is what determines price, returns, spreads and intra-day 

trading patterns. The market maker will raise his/her bid-ask spread when s/he 

anticipates increased risk of adverse selection, or if s/he expects to have to hold 

inventory for longer than usual. Traders are either informed or uninformed and 

choose whether or not to trade in the face of available prices and spreads. The 

inter-dealer market's lack of market-makers creates a problem. Without exogenous 

liquidity providing market makers, trades are made up of limit order makers and 

market order takers. Anyone wishing to effect a trade has the choice of executing 

an immediate market order or placing a limit order in the system. An increase in 

the bid-ask spread will make placing a Kmit order more attractive than executing a 

market order. However, a very important aspect of an order-driven regime is that 
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each of the parties to a trade wants to arrive at the portfolio positions that the 

trade delivers them to. In other words, an order-driven system never generates 

unwanted inventory and there is nobody who can be adversely selected. 

Note that the order-driven issue raised above do not present a problem for studies 

which focus on the individual dealer perspective within spot FX or STIR futures 

markets. For example, Lyons(1995) successfully implemented the Madhavan and 

Smidt(1991) model which was originally developed for the NYSE. The reason that 

the order-driven issue does not create a problem here is that individual dealers do 

have inventory they need to control and they do fear adverse selection by market 

participants who know more than they do — but not in their brokered inter-dealer 

trading! Since the electronic inter-dealer market does not require traders to quote 

two-way prices, there is no obvious reason why a trader would place a limit order 

that s /he did not genuinely want fulfilled. In a nutshell, the structure of the spot 

FX and STIR futures markets is best thought of as having an order-driven inter-

dealer core and quote-driven market maker satellites. 

It should not be construed from the preceding arguments that die market as a 

whole is immune to unwanted inventory or to the presence of informed traders. 

The aggregate market could act as a giant, monopolistic, market maker. As such, 

the insights of the quote-driven models may still prove useful. Although, some 

adjustments to the models may be appropriate. While theoretical work on order-

driven markets is advancing steadily, the workhorse models for order-driven 

markets have yet to emerge. By workhorse, I mean alternatives to the models of 

Stoll(1978), Kyle(1985) and Glosten and Milgrom(1985), etc. which identify the 

protagonists, isolate and capture their motivations, as well as the general dynamics 

that rule the market, and which underlie so much subsequent theory. However, in 

the absence of such alternatives tailored to the order-driven markets, I believe it 

would be too drastic a move to set all the insights of the established models aside 

and start again with from the beginning. So, I continue to utilise the existing 

theory and models as the basis for the empirical work contained in the ensuing 

chapters, although substantial modifications are made where the assumptions 
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underlying models do not accord with acknowledged features of the markets 

being studied. 

3.5 Conclusion 

This chapter describes the internal workings of the spot FX and STIR futures 

markets and shows where their inter-dealer markets fit in. Section 3.3 emphases 

the critical role played by the inter-dealer markets in setting the price for the 

general market. Finally, in section 3.4,1 acknowledge the mismatch between the 

features of these markets and those usually assumed by the established market 

microstructure models but I defend the continued use of these established models 

as more sensible than the alternative of starting from scratch. 
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Chapter 4. 

Two Unique Datasets 

4.1 Introduction 

I began this research in early 2000, and the catalyst for it was EMU. These two 

facts explains the choice of instruments studied, which are the two most direcdy 

affected by EMU. They also explain the period spanned by the data, 1997 to 2000. 

Although my FX data only spans two (separate) months during this period, they 

are particularly important because very litde high frequency FX data have 

previously been made available. For example, two important papers, Goodhart, 

I to and Payne (1996) use only one day, while Lyons(1995) uses only one week. 

While Evans'(1997) dataset covers a four month period, it comes from the smaller 

direct inter-dealer market and contains only transaction data, not quotes. 

Previously available STIR data have similar drawbacks. Much of it comes from US 

exchanges. These only provide sparse "time and sales" data, consisting of only 

trade price data with no volumes or no quotes. Furthermore, they do not even 

report all trade prices. Instead, they only report prices which differ from the 

immediately preceding trade price. Even the poorest European STIR series used 

in the present study contains all traded price and volume data. 

This chapter describes the data in more detail, as well as the sample period from 

wliich they come. It also provides some background on the exchanges that 

supplied the data. Section 4.5 contains details of the specific STIR contract 
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specifications. Finally, I give a brief overview of the work I did to structure and 

prepare the data for analysis. 

4.2 The Data 

The spot FX data is from the EBS Partnership, who handled roughly one-third of 

the total global spot foreign exchange transactions at the time from which the 

sample is taken. These data consist of two distinct months of per-second best bid 

and ask quotes, and trade price and side records, for eight currency pairs. Volume 

data is not provided. One month is from the pre-EMU period and the other is 

post-EMU data. The first half of the data spans the period 01/08/98 to 04/09/98 

and the other is from 01/08/99 to 03/09/99. To the best of my knowledge, no 

other academic researcher has been given access to high frequency EBS data. 

Tick data for the 3-month STIR futures contracts, which are by far the most liquid 

money market instruments, come from the five European futures exchanges that I 

discuss below. This STIR data spans the period 01/01/97 to 31/12/00. LIFFE 

provides quote and trade price data, while the other exchanges provide only trade 

price data. All exchanges provide volume data. Although each of these datasets 

has been available for a while, I am not aware that anybody has brought them 

together before. The amalgamated dataset is new. 

The number of observations assembled for this study amounted to over 12 

million in total. Approximately 8 million observations come from the STIR 

markets. The other 4 million come from the very liquid spot FX markets. I believe 

that no previous researcher has amassed so much spot FX data for a single study. 

The most brokered inter-dealer data that any previous high frequency FX study 

has had access to was one trading week of data from Reuters 2000-2 used by 

Payne(1999). Most high frequency FX studies to date have been based on 

customer indicative quotes data collected from the FXFX page on the Reuters 

news terminal which is the only readily available source of high-frequency and is 
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collected and sold by Olsen and Associates. Surprisingly, Reuters do not store this 

data themselves. Research which make use of this dataset includes Goodhart and 

Figliuoli(1991), Dacarogna, Muller, Nagler, Olsen and Pictet(1993), Zhou(1996), 

Goodhart et al.(1996), Evans(1997), Hartmann(1998) and Andersen, Bollerslev 

and Das(2001). 

The EBS data comprises anonymous, per-second quote and trade prices for 8 

exchange rates in which they are the dominant inter-dealer venue; EUR/USD, 

USD/DEM, USD/JPY, USD/CHF, EUR/JPY, DEM/JPY, EUR/CHF and 

DEM/CHF. However, I treat these as 5 exchange rates because I treat the EUR 

as the linear successor of the DEM on the grounds that the DEM acted as a pan-

European vehicle currency prior to the emergence of the EUR. The quotes 

provided are firm quotes, not indicative since they relate to limit orders entered by 

dealers into EBS's electronic trading system. EBS also reveal whether transactions 

were buyer or seller initiated. EBS did not supply volume data. In later work, I will 

use the number of trades as a proxy for volume. 

The bulk of the STIR futures data comes from LIFFE and consists of quote and 

trade prices and volumes. Most of the LIFFE data was made available to me by 

my supervisors. Whether individual trades were buyer or seller initiated is not 

revealed. The identity of quote submitters or parties to a trade is also not revealed. 

The first part of the LIFFE quotes data comes from the floor-based market, when 

trading took place in trading pits. The second part consists of limit order prices 

from the electronic trading regime introduced in September 1999. Data from the 

EUREX, MATIF and MEFF exchanges contain transaction prices and volumes 

only, i.e. no quotes. Once again, whether the initiator was a buyer or a seller is not 

revealed. In all, 11 STIR instruments are examined in this study. There are, from 

LIFFE; Euribor, Euro Lib or, Euromark, EuroHre, Short Sterling and Euroswiss, 

from EUREX; Euribor and Euromark, from MATIF; Euribor and PIBOR, and 

from MEFF; MIBOR. I treat these as 7 STIR contracts for two reasons. First, the 

Euro Libor was quickly absorbed into LIFFE's Euribor, so I combine them. 

Second, I treat the PIBOR and the two Euromark contracts as the Hnear 
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antecedents to the Euribor, for two reasons. First, each country's STIR liquidity 

needs would be channelled direcdy into that country's national exchange — at least 

initially. Second, the leading role played by the DEM and Germany within Europe 

should have attracted more international hedgers to the Euromark than to the 

STIR contracts from other European countries, in advance of EMU. In every 

case, only the 4 most liquid delivery contracts are used. These are the March, June, 

September and December contracts. 

4. J The Sample Period 

The data used in this study span a period which includes EMU. This is useful 

because EMU involved certain structural changes which directiy revealed 

important aspects of the microstructure of these markets. Also, four of the ten 

STIR instruments underwent the transition from floor to electronic trading during 

the period studied. Their changeover days are depicted in figure 4.1. The timing of 

these switches is also arguably linked to EMU. In addition, four STIR instruments 

also experienced a change in minimum tick size which would probably not have 

occurred without EMU. Figure 4.1 places aU these events in the context of a 

timeline. The STIR futures data spans the length of the X-axis. The EBS data is 

shown as two columns which span just over a month each. Changes in minimum 

tick sizes are indicated by coloured asterisks, while coloured dots show when 

certain instruments switched to electronic trading. The date on which the Euro 

Libor conceded defeat to the Euribor is depicted as a black square. The EMU 

convergence event is illustrated by a heavy dashed vertical line. 

36 



Original in Colour 

EBS data, '98 

E u r o C o i i v e i y e i i c e 

a 

EBS data, '99 

% 
1 ^ 

% % 

T i c k S i ze C h a n g e s 

X LIFFE Euromark 

X EU REX Euro mark 

x MATIFPibor 

X IvKTIF Euribor 

Move to E lec t ron ic 

* rvV\TIFPibor 

* LIFFE Euroswiss 

* LIFFE Short Sterling 

* LIFFE Euribor 

C o n t r a c t D e f e a t e d 

• LIFFE Euro Libor 

% BREAKDOWN OF DAILY VOLUME IN 3-MONTH EURIBOR FUTURES 
PER EXCHANGE OVER 1999 AND 2000 

MATIF 

EUREX 

UFFE 

Figure 4.2: UFFE's rise to dominance in the 3-month Euribor futures market. 
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Of the six contracts which are not shown to have converted to electronic trading, 

four were already electronically based during the data period. These are MEFF's 

MIBOR, MATIF's Euribor and EUREX's Euribor and Euromark. The remaining 

two, LIFFE's Euromark and Eurolire contracts, had ceased to exist before LIFFE 

moved over to electronic trading in 1999. So, their data is all floor based. 

On 17/2/99, LIFFE signalled defeat for the Euro Lib or by offering a zero-cost 

voluntary position conversion facility for transferring Euro Lib or derivatives to 

the equivalent Euribor instrument. On 29/6/00, the Euribor finally vanquished 

the Euro Libor, absorbing the latter's liquidity. 

The long STIR data series is split into four blocks over most of this study. These 

span the sub-periods: 01/01/97 to 19/01/98, 20/01/98 to 31/12/98, 01/01/99 

to 22/08/99 and 20/09/99 to 31/12/00. The first break occurs because both 

Euromark contracts, trading on both LIFFE and EUREX, underwent a 50% 

reduction in minimum tick size on 20/01/98. In order to compare all instruments 

within contiguous time-blocks, a break across the whole dataset is introduced. The 

second break is for EMU on 01/01/99. The final break signifies the transition of 

STIR futures from floor to electronic trading on LIFFE. Since different contracts 

were converted over a period of successive weeks, approximately one month of 

data from the dataset is removed from the analysis. 

In contrast to the relatively minor affect that euro convergence had on European 

equity and long term bond markets, its impact on the FX and STIR markets was 

dramatic. Currency convergence wiped out eleven European currencies and all 

cross-exchange-rate which had involved any of them. Also as a direct result of 

convergence, European STIR futures could no longer be denominated in any of 

those eleven European currencies. In their place, a new pan-European STIR 

futures contract emerged - the Euribor. 

Global foreign exchange market volume dropped instantiy when internal 

European cross-rates ceased to be tradable. Figure 4.2 reflects the tough 
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competition from the start between futures exchanges in Frankfurt, London and 

Paris to win Euribor volume. A short time after convergence, in February 1999, 

LIFFE's fledgling Euro Libor contract gave way to LIFFE's competing Euribor 

contract. The latter went on to attract most of the volume from its continental 

rivals. The overall upheaval caused some inter-European cross rate dealers and 

smaller country money market dealers to be driven out. As figure 4.2 shows, 

LIFFE steadily gathered liquidity from the other exchanges throughout 1999 and 

the first quarter of 2000, when it levelled off at about 98% of the total global 

Euribor volume. Both MATIF and EUREX remained active in the contract after 

that, but liquidity fell to a trickle, especially on MATIF. 

4.4 The Exchanges 

The following subsections provide some information on the recent histories of 

the exchanges that have provided data for this study. 

4.4.1 EBS 

The EBS partnership was established in 1993 by 12 of the world's largest foreign 

exchange banks\ Since then, the EBS Spot Dealing System has grown to be the 

dominant intermediary for brokered inter-dealer spot FX trading. There is only 

one other intermediary for brokered inter-dealer spot FX trading. This is the 

Dealing 2000-2 system from Reuters. The Reuters system dominates in currency 

pairs that involve Sterling and Scandinavian currencies. EBS dominates in all other 

spot currency trades. 

EBS claim average daily spot volume in excess of $80 billion. BIS(2001) estimates 

average daily total global FX volume at $1.17 trillion, down from $1.43 trillion in 

' The banks who established the EBS Partnership were; ABN-Amro, Bank of America, Barclays, 
Citibank, Commerzbank, Credit Suisse First Boston, HSBC, JP Morgan, Lehman Brothers, Royal Bank 
of Scotland, SEB and UBS. The MINEX Corporation of Japan is the only non-bank member. 
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1998 (BIS(1998)). Of this, spot FX volume amounts to around 40% ($600 biUion) 

in 1998 and 33% ($400 billion) in 2001. This credits EBS with between 13% and 

20% of total global spot FX volume. However, even the higher number 

understates BBS's significance in the major currency pairs. Lyons(2001) states 

that, in the major markets, brokered inter-dealer trades account for a full third of 

spot volumes. Furthermore, Bank of England (2001) estimates show that the 

percentage of all FX trades which are transacted via electronic broking venues had 

doubled from theic 33% share in 1998. The Federal Reserve Bank of New York 

(2001) provides an even more startling estimate of 71% of all FX trades. Killeen, 

Lyons and Moore(2003) credit EBS with the majority market share, which they 

claim is increasing. Furthermore, the BIS(1998) and BIS(2001) reports both state 

that brokered inter-dealer trading is growing more rapidly than either the direct 

inter-dealer or the dealer-customer category. 

4.4.2 LIFFE 

From 1982 to 1998, most derivatives trading on LIFFE was conducted by open 

outcry, i.e. face-to-face in the trading pits. From 1989, floor trading was 

supplemented with APT (Automated Pit Trading). APT enabled trading to be 

carried out after hours electronically, but this was an electronic form of open 

outcry and not the order book form of electronic trading which is prevalent today. 

In May 1998, as a result of the shock of loosing the 10 year German Bund 

contract to the electronic EUREX, LIFFE began developing an electronic order-

driven trading platform of its own, LIFFE CONNECT. From the end of 1998 

and through 1999, LIFFE implemented a phased transition of all futures and 

options contracts from the trading floor to their new electronic marketplace. 

STIRS were moved on to LIFFE CONNECT from late August, through 

September 1999. 

An issue for the LIFFE data that does not affect the other exchanges is there are 

two Idnds of prices in the LIFFE dataset. Prices quoted under the floor-trading 
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regime are indicative only. Such quotes may be viewed as a form of advertising. 

They are not binding. In contrast, under the LIFFE CONNECT regime, quotes 

are binding. This is because they are entered into the system as limit orders. If 

another trader "takes" a posted limit order, that constitutes a trade. 

According to press releases on the LIFFE website, LIFFE CONNECT is the 

world's second largest derivatives exchange and largest European exchange by 

value, with daily traded values exceeding $400 billion in 2001. STIR derivatives 

constitute about 97% of all LIFFE trading. So, it is not surprisingly that LIFFE is 

by far the largest STIR data source in the present study. 

After much speculation and several failed courtships with other suitors, LIFFE 

was taken over by Euronext in 2002. Euronext have since ceased trading the 

Euribor on MATIF, which is also part of their stable, in order to concentrate all 

their STIR futures trading on LIFFE. 

4.4.3 EUREX 

DTB (Deutsche Terminborse) and SOFFEX (Swiss Options and Financial 

Futures Exchange) had been early pioneers in providing electronic access to 

derivatives markets. On 04/09/1997, they collaborated to create a joint electronic 

platform for trading derivatives. In May 1998, they formally named this platform 

"EUREX". EUREX also provides an automated and integrated joint clearing 

house for products and participants. EUREX claims to be the largest futures 

exchange by the number of contracts traded. 
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4.4.4 MAT IF 

MATIF has offered financial derivative instruments since 1986. It switched to 

electronic trading over April and May 1997. It nurtured and made a success of the 

CME/Reuters spawned GLOBEX network, by being its biggest volume 

contributor. GLOBEX was the first global electronic trading network for futures 

and option contracts. As part of GLOBEX, the Euro GLOBEX agreement 

allowed members of MATIF, MEFF and Italy's MIF to trade each others' 

contracts from their own workstations across interconnected electronic trading 

platforms. The MATIF/MEFF Renta Fija trading link has been in operation since 

05/02/1999 and the MATIF/MIF trading link started in June 1999. 

In late 2000, MATIF merged with smaller exchanges in Amsterdam and Brussels 

to form Euronext. Subsequentiy, in 2002, Euronext acquired LIFFE. 

4.4.5 MEFF 

MEFF is the oldest electronic derivatives exchange in Europe, dating back to 

March 1989. From the beginning, it aimed to be a totally electronic solution, 

integrating trading, clearing and settiement in a single widely admired system. It 

offers a front office system to provide users with market information critical in 

decision making. In 1994, MEFF introduced their back office (MIBOS) system 

which provides direct access to house and cHent portfolio positions, allowing 

these to be monitored and controlled. MEFF claims its technology has attracted 

much interest from other derivatives exchanges. MEFF customers can trade on 

MATIF via the GLOBEX network. 
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4.5 STIR Contract SpeciBcations 

The following 3 month STIR futures contracts are used in this study: Short 

Sterling, Euroswiss, EuroHre, Euromark, Exiribor, Euro Libor, Pibor and Mibor. 

These come from all four futures exchanges. Futures exchanges tend to have their 

own idiosyncratic ways of presenting contract specifications. For this reason, I use 

my own template as a standard and fill this with information provided by the 

exchanges. The first two contracts span the pre- and post-euro time periods, while 

the last six do not. The 11 tables below provide summary details of the 

specifications of the STIR contracts used. 

Contract Specifications 
Contrac t 3 -mon th Sterl ing (Short Sterl ing) In te res t Rate Future 
E x c h a n q e LIFFE 
Under ly ing I n s t r u m e n t 3 - m o n t h Libor; London Interbank Offered rate on 3 -mon th Sterl ing 

deposits, ca lcu lated by the British Bankers Associat ion (BBA) 
Size GBP 500,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day 1" business day after the last t rading day, 
Q u o t a t i o n 100 minus the rate o f i n te res t (%) , to 2 decimal places. 
Tick Size ( V a l u e ) 0.01% (GBP 12.50) 
Del ivery Months March, June, September, December, and 2 serial months, such tha t 

22 delivery months are available for t rading, w i th the nearest 3 
being consecut ive calendar months 

Last Trading Day 3' - Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the BBA Libor Offered Rate for 3 - m o n t h Sterl ing deposits 

at 11,00 (London t ime) (12 :00 GET) on the Last Trading Day, 

Tradinq Hours 08:05 - 18:00 (UK t ime) 

Table 4.1: Short Sterling (UFFE) 
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Contract Specifications 
Contract 3 -mon th Euro Swiss Franc (Euroswiss) In te res t Rate Future 
Exchanqe LIFFE 
Under ly ing I n s t r u m e n t 3-mon th Libor; London Interbank Offered rate on 3 -mon th Euroswiss 

Franc deposits, ca lcu lated by the British Bankers Associat ion (BBA) 

Size CHF 1,000,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day 1 • business day after the last t rading day. 

Quota t ion 100 minus the rate o f i n te res t (%) , to 2 decimal places. 
Tick Size ( V a l u e ) 0.01% (CHF 25) 
Del ivery Months March, June, September, December, such tha t the next 8 quarter ly 

delivery months are available for t rading. 

Last Trading Day 2 business days prior to the 3 ' Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the BBA Libor Offered Rate for 3 - m o n t h Euroswiss Franc 

deposits at 11,00 (London t ime) (12 :00 CET) on the Last Trading 

Trading Hours 08; 10 - 17;55 (UK t ime) 

Table 4.2: Eurosmss fLIFFE) 

Contract Specifications 
Contract 3 -mon th Euro Lire (Eurolire) In te res t Rate Future 
Exchange LIFFE 
Under ly ing I n s t r u m e n t 3 -mon th Libor; London Interbank Of fered ra te on 3 -mon th Eurolire 

deposits, ca lcu la ted by the British Bankers Associat ion (BBA) 

Size ITL 1,000,000,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day 1 business day after the last t rading day. 
Quota t ion 100 minus the rate o f i n te res t (%) , to 2 decimal places. 
Tick Size ( V a l u e ) 0.01% ( ITL 25,000) 
Del ivery Months March, June, September, December 
Last Trading Day 2 business days prior to the 3' ' Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the BBA Libor Offered Rate for 3 - m o n t h Eurolire deposits 

at 11.00 (London t ime) (12; 00 CET) on the Last Trading Day. 

Trading Hours 07:55 - 13:00 (UK t ime) 

Table 4.3: Eurolire (LIFFE) 
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Contrac t Specifications 
Contract 3 -mon t i i Euro Deutschemark (Euromark) In te res t Rate Future 
Exchanqe LIFFE 
Under ly ing I n s t r u m e n t 3 -mon th Libor; London Interbank Offered rate on 3 -mon th 

Eurodeutschemark deposi ts, ca lcu la ted by the British Bankers 
Associat ion (BBA) 

Size DEM 1,000,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day 1 ' business day after the last t rading day. 
Quota t ion 100 minus the rate o f i n te res t (%) , to 2 decimal places. 
Tick Size ( V a l u e ) 0.01% (DEM 25) 
Del ivery Months March, June, September, December, and 2 serial months, such tha t 

18 delivery months are available for t rading, w i th the nearest 3 
being consecut ive calendar months 

Last Trading Day 2 business days prior to the 3' ' Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the BBA Libor Offered Rate for 3 - m o n t h Eurodeutschemark 

deposits at 11,00 (London t ime) (12 :00 GET) on the Last Trading 
Day. 

Trading Hours 07:30 - 18:00 (UK t ime) 

Table 4.4: Euromark (LJFFEJ 

Contrac t Specifications 
Contrac t 3 - m o n t h Euro (Euribor) In teres t Rate Future 
Exchanqe LIFFE 
Under ly ing I n s t r u m e n t 3 -mon th Euribor: European Interbank Offered rate on 3 -mon th Euro 

deposits, ca lcu lated by the European Bankers Federat ion (EBF/FBE) 

Size EUR 1,000,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day 1'' business day after the last t rading day. 
Quota t ion 100 minus the rate o f i n te res t (%) , to 3 decimal places. 
Tick Size ( V a l u e ) 0.005% (EUR 12.50) 
Del ivery Months March, June, September, December, and 4 serial months, such tha t 

24 delivery months are available for t rading, w i th the nearest 5 
being consecut ive calendar months 

Last Trad ing Day 2 business days prior to the 3 ' Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the EBF Euribor Offered Rate for 3 - m o n t h Euro deposits at 

11.00 (GET) (10:00 London t ime) on the Last Trading Day. 

Trading Hours 07:00 - 18:00 (UK t ime) 

Table 4.5: Euribor (UFFE) 
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Contract Specifications 
Contrac t 3-mon th Euro (Euro Libor) In te res t Rate Future 
Exchange LIFFE 
Under ly ing I n s t r u m e n t 3 -mon th Euribor; European Interbank Offered rate on 3 - m o n t h Euro 

deposits, ca lcu lated by the British Bankers Federat ion (BBA) 

Size EUR 1,000,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day I ' business day after the last t rading day. 
Quota t ion 100 minus the rate o f i n te res t (%) , to 3 decimal places. 
Tick Size ( V a l u e ) 0.005% (EUR 12.50) 
Del ivery Months March, June, September, December, and 4 serial months, such tha t 

24 delivery months are available for t rading, w i th the nearest 5 
being consecut ive calendar months 

Last Trad ing Day 2 business days prior to the 3 ' Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the BBA Libor Offered Rate for 3 - m o n t h Euro deposits at 

12.00 (GET) (12:00 London t ime) on the Last Trading Day. 

Trading Hours 07:00 - 18:00 (UK t ime) 

Table 4.6: Euro labor (ILIFFEJ 

Contract Specifications 
Contrac t 3 -mon th Euro Deutschemark (Euromark) In te res t Rate Future 
Exchange EUREX 
Under ly ing I n s t r u m e n t 3 -mon th Libor: London Interbank Offered rate on 3 -mon th 

Eurodeutschemark deposits, ca lcu la ted by the British Bankers 
Associat ion (BBA) 

Size DEM 1,000,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day 1'- business day after the last t rading day. 
Q u o t a t i o n 100 minus the rate o f i n te res t (%) , to 2 decimal places. 
Tick Size ( V a l u e ) 0.01% (DEM 25) 
Del ivery Months March, June, September, December, and 2 serial months, such tha t 

14 delivery months are available for t rading, w i th the nearest 3 
being consecut ive calendar months 

Last Trading Day 2 business days prior to the 3 " Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the BBA Libor Offered Rate for 3 - m o n t h Eurodeutschemark 

deposits at 11.00 (London t ime) (12 :00 CET) on the Last Trading 
Day. 

Trading Hours 08:30 - 19:00 (CET) 

Table 4.7: Euromark (EUREX) 
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Contract Specifications 
Contract 3 -mon th Euro (Euribor) In teres t Rate Future 
Exchange EUREX 
Under ly ing I n s t r u m e n t 3 -mon th Euribor: European Interfaanl< Offered rate on 3 - m o n t h Euro 

deposits, ca lcu la ted by the European Bankers Federat ion (EBF/FBE) 

Size EUR 1,000,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day 1"' business day after the last t rading day. 

Q u o t a t i o n 100 minus the rate o f i n te res t (%) , to 3 decimal places. 
Tick Size ( V a l u e ) 0.005% (EUR 12.50) 
Del ivery Months March, June, September and December, such tha t the next 12 

quarter ly delivery months are available for trading, 

Last Trading Day 2 business days prior to the 3'^ Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the EBF/ACI Euribor Offered Rate for 3 - m o n t h Euro 

deposits at 11.00 (GET) (10 :00 London t ime) on the Last Trading 
Day. 

Trading Hours 08:30 - 19:00 (GET) 

Table 4.8: Euribor (EUREXJ 

Contract Specifications 
Contrac t 3 -mon th French Franc (Pibor) In te res t Rate Future 
Exchange MATIF 
Under ly ing I n s t r u m e n t 3 -mon th Pibor: Paris Interbank Of fered rate on 3 - m o n t h French 

Franc deposits, ca lcu lated by AFB/Telerate 

Size FRF 5,000,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day 1" business day after the last t rading day. 
Quota t ion 100 minus the rate o f i n te res t (%) , to 2 decimal places. 
Tick Size ( V a l u e ) 0.01% (FRF 125) 
Del ivery Months March, June, September and December, such tha t the next 12 

quarter ly delivery months are available for trading. 

Last Trading Day 2 business days prior to the 3 ' Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the interest rate supplied by AFB/Telerate on the Last 

Trading Day. 

Trading Hours 07:00 - 22:00 (GET) 

Table 4.9: Pibor (MATIF) 
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Contract Specifications 
Contract 3 -mon t l i Euro (Euribor) In teres t Rate Future 
Exchanqe MATIF 
Under ly ing I n s t r u m e n t 3 -mon t l i Euribor; European Interbanl< Offered rate on 3 - m o n t h Euro 

deposits, ca lcu la ted by the European Bankers Federat ion (EBF/FBE) 

Size EUR 1,000,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day 1 b u s i n e s s day after the last t rading day. 

Quota t ion 100 minus the rate o f i n te res t (%) , to 3 decimal places. 
Tick Size ( V a l u e ) 0.002% (EUR S) 
Del ivery Months March, June, September, December, and 2 serial months, such tha t 

22 delivery months are available for t rading, w i th the nearest 3 
being consecut ive calendar months. 

Last Trading Day 2 business days prior to the 3"" Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the EBF Euribor Offered Rate for 3 - m o n t h Euro deposits at 

11.00 (GET) (10;00 London t ime) on the Last Trading Day. 

Trading Hours 07:45 - 22; 00 (GET) 

Table 4.10: Euribor (MATIF) 

Contract Specifications 
Contrac t MIBOR '90 Plus In teres t Rate Future 
E x c h a n g e MEFF 
Under ly ing I n s t r u m e n t Madrid Interbank Offer Rate (MIBOR) in terest rate on 90 day 

interbank deposit , published by the Bank of Spain. 

Size ESP 100,000,000 
S e t t l e m e n t Cash set t led. 
Del ivery Day 1 business day after the last t rading day. 
Quota t ion 100 minus the rate o f i n te res t (%) , to 2 decimal places, 
Tick Size ( V a l u e ) 0,01% (ESP 2,500) 
Del ivery Months March, June, September and December, such tha t the next 8 

quarter ly delivery months are available for trading. 

Last Trading Day 2 business days prior to the 3 ' Wednesday of the delivery month 
Final S e t t l e m e n t Price Based on the the Bank of Spain's interbank Offered Rate for 90 day 

deposits GSOon the Last Trading Day, 

Trading Hours 09;00 - 17; 15 (GET) 

Table 4.11: Mibor (MEFFJ 
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4.6 Data Acquisition. Manag-ement and Analysis 

It took about 18 months to gather, prepare and marry together all of this data. 

In many cases, establishing a link with the right contact proved critical is getting 

the data. In most cases, formal written requests for data also had to be made. 

These forced me to be clear and concise about the data I needed, so that the data 

provider would spend the minimum amount of time putting it together. In most 

cases, I also had to sign confidentiality agreements and assurances that data would 

not be used for commercial purposes and had to have these declarations stamped 

by the university. This bureaucracy took several months, but eventually I acquired 

several CDs full of data, from which I extracted many enormous files in ASCII 

format. 

The main tool that I used to store and manipulate the data was Microsoft 

ACCESS. I re-formatted all STIR data from the continental exchanges so that it 

had the same table structure and layout as the LIFFE data. This enabled me to 

later write data analysis programmes only once and apply them to several tables in 

succession. In the process of doing this, my STIR database hit the upper size limit 

for ACCESS databases. I had to develop a more elaborate distributed database 

structure with several satellite databases acting as data depositories. These were 

connected, via "linked" tables, to a central database which I used for manipulation 

and analysis. 

It was not obvious initially whether all the data spanning dozens of instruments 

and exchange rates could be utilised in my study. After assessment of several 

summary statistics, many instruments had to be rejected because they were too 

illiquid. I whittied the viable set down to the 8(5) spot exchange rates and 11(7) 

STIR futures contracts listed above. 

The minimum tick size change events described above were also far from obvious 

in the beginning. They first emerged as strange discontinuities in the data. Only 
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upon investigation could they be confirmed as being due to changes in the 

minimum tick size brought about by a change in the exchange's policy. 

Inevitably there were data errors and much early work went into "cleaning" the 

data. With low frequency a key method for assessing data integrity is to graph it. 

With high frequency data this is not possible. It is difficult to find graphics 

routines which can handle massive numbers of observations. When one does 

eventually find capable software, the data emerges as a concentrated 

indistinguishable, amorphous blob. This is because there is simply too much of it. 

Focusing on narrow time segments does not provide a very satisfactory solution 

because the amount of data is so great that the number of segments at any 

meaningful resolution is still vast. The best that can be done is to bound each data 

series within known or clearly defined limits. For example, prices for specific 

futures contracts are restricted to dates before the contract expires. Also, 

misplacement-of-decimal-point errors are excluded by limiting data values to an 

arbitrary range around the mean value. In spite of these steps, certain anomalies 

arose which had to be investigated individually and the data amended or excluded. 

An example was where the USD/JPY bid-ask spread appeared negative over a few 

days in early August 1999. Close inspection of the data revealed that the ask price 

was constant over three days. This was not credible because the USD/JPY is a 

very liquid market in which prices change every few seconds and, besides, the bid 

price exhibited considerable variation over the same period. In this example, all 

USD/JPY observations over these days were excluded from the analysis. 

Data transformation and statistical analysis were carried out using a combination 

of SQL queries and Visual Basic programmes which are both supported in the 

Microsoft ACCESS software. I benefited enormously from the ACCESS experts 

on the "tek-tips" website (www.tek-tips.com), who helped me solve many difficult 

SQL query and programming problems. The size of the data tables meant that 

computations frequentiy had to be run overnight, even when using an up-to-date 

high specification computer. 
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I used Microsoft EXCEL for producing graphs and some low frequency data 

analysis. For regression analysis, I used TSP. 

Along the way, I spent a lot of time and energy investigating several other 

software packages for various aspects of this project, only to decide that these 

were not appropriate because, for example, they could not handle the size of the 

series or they could not implement some necessary constraints. 

4.7 Conclusion 

This chapter describes the two exceptional datasets that form the foundation for 

this study and illustrates why they are such an important advance in empirical 

finance. It also discusses the time period and sources from which these dataset 

came. Finally, the work that I put in, and the tools that I use, to obtain, format, 

prepare and analyse these data are briefly outlined. 
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Chapter 5. 

Micro structure Effects 

5.1 Introduction 

Micro structure effects refer to aspects of prices which arise because of structural 

features of the market or of the pricing unit rather than from economic agent' 

behaviour. Examples of microstructure effects include price discreteness, price 

clustering and non-synchronous trading. This chapter emphasises the links that 

the first two of these have with price innovation and the bid-ask spread but also 

briefly addresses the effect of non-synchronicity. It establishes the presence and 

explores the cause of price clustering which is evident in the data for spot FX and 

STIR futures market instruments. I develop two new test statistics based around 

established price clustering explanations. I propose a brand new theory to capture 

a type of price clustering behaviour not previously addressed in the literature. My 

findings contribute to a debate about changes in bid-ask spreads and volumes in 

the spot FX market since EMU, by providing more detail on both the pre-EMU 

and post-EMU markets than had been available previously. I also offer some 

insight into why the observed changes occurred. Finally, I produce the first precise 

measure of the true bid-ask spread cost of re-denomination from DEM to EUR. 

One reason that the present study is particularly noteworthy is that price clustering 

studies are rare in both the FX and the futures markets. Studies of price clustering 
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in STIR futures seem especially rare. Previous FX clustering studies have only 

used quote price cluster patterns, whereas my analysis also uses trade price data. 

EMU has brought widespread change to financial markets. Much of this change is 

directly due to the re-denomination of certain instruments from DEM to EUR. 

Since these currency units are of different values, the nature of the price 

discreteness affecting instruments which are now denominated in EUR will be 

different from what it was under DEM. This point is exemplified by the fact that 

the smallest sized bid-ask spread and smallest price increment for the EUR are 

both 74% greater than that for the DEM, independent of any currency drift. 

It is an acknowledged fact that volumes have decreased in the inter-bank spot FX 

market since EMU. It is becoming increasingly accepted that the EUR/USD bid-

ask spread rose at the same time. Recently, Goodhart, Love, Payne and 

Rime(2002) attracted much interest when they argued that the change in 

denomination from DEM to EUR is sufficient to account for observed increases 

in bid-ask spreads, post-EMU. Their "price granularity" hypothesis combines the 

difference in price discreteness between the DEM and the EUR, with trader 

inertia in setting bid-ask spreads. The authors argue that the fall in volume is a 

coincidence primarily due the increased use of electronic inter-dealer broking and 

to banking industry consolidation. This model was put forward in response to 

controversial work by Hau, KtiUeen and Moore(2000 and 2002), who suggested 

that lower FX trading volumes and higher bid-ask spreads since EMU, are both 

due to "market transparency". The latter hypothesis centres on the idea that the 

availability of fewer FX currency pairs after EMU, makes risk management harder 

to do. Hau et al. suggest this causes market makers to charge higher bid-ask 

spreads, which result in lower volumes. In the same volume as Goodhart et 

al(2002), Detken and Hartmann(2002) used a wider but lower frequency dataset 

and reached conclusions which Goodhart et al(2002). 

Until very recendy, price discreteness and clustering studies on FX markets were 

rare. Goodhart and Curcio(199l) was the only widely cited paper. Besides 
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Goodhart et al(2002), Sopranzetti and Datar(2002) also produced a price 

clustering study for the FX market, using data from the Federal Reserve Bank of 

New York. Using Royal Bank of Scotland data, 0sler(2003) found that the 

clustering of "stop loss" and "take profit" orders at certain price points explained 

why certain technical analysis forecasts have predictive power. The principal 

reason for the paucity of research is lack of FX data. 

Since more data has been available for futures markets for a longer period, one 

might expect that the price discreteness and price clustering aspects of futures 

markets to be better researched. In fact, they do not appear to be. The main 

papers in this area include: Ball, Torous and Tschoegl(1985), Brown, Laux and 

Schachter(1991), ap Gwilym, Clare and Thomas(1998a and 1998b) and ap GwUym 

and Alibo(2003). However, price clustering in STIR futures contracts appears not 

to have been studied before. 

The vast bulk of the work done on price discreteness and clustering focuses on 

the equity markets. The most notable contributions include: Harris(1991), Christie 

and Schultz(1994), Christie, Harris and Schultz(1994), Kleidon and Willig(1995), 

Aitken, Brown, Buckland, Izan and Walter(1996), Grossman, Miller, Fischel, Cone 

and Ross(1997), Woodward(1998), Weston(2000), Kandel, Sarig and Wohl(2001) 

and Brown, Chua and Mitchell(2002). 

5.1.1 How Does Price Discreteness Affect the Bid-Ask Spread 

and Price Innovation? 

Prices move in discrete units. The precise resolution of these discrete units may be 

imposed by a regulator or an exchange, or it may arise as a market convention. 

Price discreteness is clearly important for bid-ask spreads because the minimum 

tick size places a lower bound on how low the (non-zero) bid-ask spread can be. It 

also determines the increments by which it can increase. 
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The significance of price innovation effects is harder to penetrate. Campbell, Lo 

and MacKinley(1997), (page 113), use a sequence of stock return plots with 

progressively finer scales to illustrate graphically how discreteness imposes 

structure on the return generating process. Gottlieb and Kalay(1985) found that 

".. .the variance and.. .the higher order moments of the rate of return of stocks 

are upward biased due to the discreteness of observed stock prices.". Harris(1990) 

found similar. 0sler(2003) suggested that discreteness in FX rates could 

contribute to excess kurtosis. 

Hausman, Lo and MacKinley(1992) link price discreteness to path dependence 

when their ordered probit analysis concludes that the conditional mean of price 

changes is determined by the sequence of preceding order-flow. Rime(2000), 

Lyons(2001), Evans(2002) and Evans and Lyons(2002) all provide strong evidence 

that FX rates rise in fall in line with aggregate order flow, suggesting that FX rates 

are similarly path dependent. 0sler(2003) found evidence of links between FX 

rate path dependence, certain "round number" price points and technical analysis. 

Price clustering effects bid-ask spreads and price innovation in the same way as 

price discreteness. Harris(1990) discusses in detail how these two features interact. 

5.1.2 What causes Price Clustering-? 

"Price clustering" refers to traders' tendency to not use the full range of price 

points uniformly, but rather to gravitate towards some numbers and avoid others. 

Yule(1927) observed that numerical clustering arose systematically from errors 

that people made when asked to read numbers from a scale. Osborne(1962) was 

the first to address clustering in the context of financial prices. He was followed 

by Niederhoffer(1965). Niederhoffer(1966) pointed out that price clustering could 

be at odds with market efficiency. Niederhoffer and Osborne(1966) find 

profitable trading rules based on cluster frequencies.. 
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Following Harris(1991), Goodhart and Curcio(1991) compare "attraction" with 

"price resolution" as possible explanations of price clustering in the FX market. 

The attraction hypothesis focuses on people's fondness for round numbers, which 

is the same kind of rounding behaviour that Yule(1927) identified. Aitken et 

al(1996) found evidence of this type of clustering in the Australian stock market. 

Kandel et al.(2001) found the same effect in the Israeli IPO market, ap Gwilym et 

al(1998) also find it for international bond futures. The resolution hypothesis, put 

forward by of Ball et al(1985), asserts that clustering is the natural result when the 

market had reached "the optimal degree of price resolution". Harris(1991) and 

Grossman et al.(1997) both use the example of the housing market to convey the 

idea of price resolution. They point out that it would be inefficient, in terms of 

search and negotiations cost, to fine tune house prices to the nearest penny. 

Similarly, in the case of the spot foreign exchange market, rates could theoretically 

contain an infinite number of digits. However, at some point, the marginal cost of 

having to deal with an extra digit will exceed the marginal benefit of a slightiy 

more accurate price. Goodhart and Curcio(1991) find evidence in favour of price 

resolution in their price (=FX rate) data and of attraction in their bid-ask spreads 

data. Harris's(1991) own results for US stocks are consistent with price resolution 

hypothesis. As are those Grossman et al(1997) from a variety of global markets. 

Most notably. Ball et al(1985) found this effect at work in the gold market. 

Harris(1991) and Brown et al(1991) both suggest negotiation could produce a 

two-tier price system, which would give the appearance of clustering when 

combined. Tliis negotiation hypothesis asserts that large trades result in harder 

bargaining and progressively more finely tuned trade price, while small trades 

make do with cruder pricing from a reduced set of prices. The negotiation 

hypothesis is an interpretation of the price resolution hypothesis, rather than an 

alternative to it. 

Most recent papers to address the subject of price clustering either start with, or 

make early reference to Christie and Schultz(1994). In the early 1990s, these 
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researchers caused a stir with a price clustering study, when they suggested that 

widespread NASDAQ market makers avoidance of odd-eights quotes could 

amount to tacit collusion to maintain wider bid-ask spreads. They could not 

explain this observation in terms of stock price levels and volatility, or in terms of 

Harris's negotiation hypothesis. So, they conclude that they . .are unable to 

envision any scenario in which 40 to 60 dealers who are competing for order flow 

would simultaneously and consistentiy avoid using odd-eighth quotes without an 

implicit agreement to post quotes only on the even price fractions", and they 

consider this evidence of an "...apparent lack of competitiveness of the 

NASDAQ market". This collusion hypothesis has gathered huge support, mainly 

because the use of odd-eight quotes increased following the publication of their 

results and increased again after subsequent rule changes. 

Several competent and convincing rebuttals of the Christie and Schultz(1994) 

result have emerged since their paper was published. These include Kleidon and 

Willig(1995), Grossman et al(1997) and Woodward(1998). On the other hand, 

other sources like the US Securities and Exchange Commission (1996) and 

Weston(2000) seem to support the Christie and Schultz(1994) case. The debate is 

still considered open. 

Grossman et al(1997) show that price clustering is a both a common and a 

variable feature across global financial markets and that, instead of NASDAQ 

being out of step with NYSE, it is actually NYSE that is anomalous for its lack of 

clustering compared with other markets. They go on to show that a wide variety 

of factors contribute to price clustering. Market structure can play a part. Also, 

whether the quotes are binding or not matters. Most importantiy, they link price 

clustering to the inventory and information costs of market making, suggesting 

that clustering should be high when these costs are high. They also expect 

clustering to be negatively related to volume and positively related to volatility. In 

contrast, Sopranzetti and Datar(2002) found a positive empirical relationship 

between FX rate clustering and volume. Grossman et al(1997) borrow heavily 

from Harris(1991) who had asserted that "clustering increases with price level and 
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volatility, and decreases witii capitalization and transaction frequency". I will refer 

to this set of predicted associations as the "cost of market making" hypothesis. 

Note that these conclusions are not restrictive in relation to final-digit price 

clustering pattern. They could be entirely consistent with either the attraction or 

resolution hypotheses described above. 

5.1.3 The Price Concentration Hypothesis 

Most of what has been written on price clustering in recent years adopts a 

perspective best summarised by the question: "Is the uneven use of all available 

final digits evidence of market inefficiency?". Opinion is divided on the answer. I 

would like to introduce an entirely new perspective on the debate by asking the 

question; "Could the minimum tick size be set too high to permit 'normal' price 

clustering to occur?". The argument here is that price could be prevented from 

taldng on attraction- or resolution-type patterns because the tick size is overly 

restrictive. This perspective leads one to contemplate an entirely different form of 

price clustering from what has been discussed hitherto — price concentration. By 

price concentration, I mean the localised concentration of final digits in one part 

of the available range because certain prices have a very high frequency. One 

interpretation of such tightiy bunched prices is that their price resolution is not 

liigh enough. In other words, a higher price resolution (lower minimum tick size) 

would open up a greater array of prices and a broader dispersion of final digit 

values. I refer to these ideas as the price concentration hypothesis. 

The price concentration hypothesis can best be illustrated using an instrument that 

does not actually exhibit price concentration in its final digit pattern at all. As is 

shown in figure 5.1(e), the EUR(DEM)/USD exchange rate has the usual kind of 

final digit pattern in both 1998 and 1999, with more price observations ending in 

0 and 5 than in the other digits. Figures 5.1(a) to 5.1(d), I graph the frequency of 

observations at each digit to the left of the final digit, starting at the leftmost digit. 

The five graphs reflect the five significant digits normally used in spot FX rates. 
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Figure 5.1 (a): A.II rates for both EUR/ USD and USD/DEM start with the number 1 
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Original in Colour 

% of Volume at third digit; EUR(DEM}.USD 
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Figure 5.1 (cj: Wide dispersion in USD/DEM, less dispersion in EUR/USD 
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