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                 This paper examines the relative liquidity and rate of price discovery on floor-
based versus screen-based trading systems in the Japanese Yen, British Pound, and Euro 
foreign exchanges futures contracts traded on Chicago Mercantile Exchange(CME). 
Intra-day data from January 2, 2003 through March 5, 2004 are used in our analysis.  We 
find that liquidity, measured by bid-ask spreads, is tighter in the automated trading 
system before and after we control for such variables as price volatility and trading 
volume.  During the sample period, floor-based trading has often contributed more to 
price discovery in the Japanese Yen and British Pound markets, whereas automated 
trading dominated price discovery in the Euro futures market.  Regression analysis 
confirmed that alternative measures of relative liquidity variables between markets are 
the determinants of dynamics of information shares over time. Our results are consistent 
with the hypothesis that relative liquidity and optional efficiency jointly influence the 
contribution shares in the price discovery process. 

 

 
 
Keywords: Microstructure, Foreign Exchange Futures Markets, Floor versus Screen 
Trading. 
 
JEL Classification: G10 
 
 
 
 
 
 
 

 
 
 

 2



Liquidity and Price Discovery on Floor versus Screen-Based Trading 
Systems: An Analysis of Foreign Exchange Futures Markets 

 

I. Introduction  

 As a result of developments in information technology and globalization, 

electronic trading systems have been increasingly adopted by equity and futures 

exchanges. In the US, two major futures exchanges, the Chicago Board of Trade (CBOT) 

and the Chicago Mercantile Exchange (CME), both permit market participants to choose 

between the two trading mechanisms for most futures contracts during regular trading 

hours. The electronic trading system is also used by CBOT and CME as a supplementary 

trading mechanism during off-hours trading. However, the CME and CBOT still execute 

a considerable portion of their transactions (in dollar value) through the floor-based 

trading system. 

           Several studies have compared CME’s electronic trading system, GLOBEX, and 

floor trading in terms of informational efficiency (Hasbrouck 2003, Kurov and Lasser 

2002, and Ates and Wang 2003). These studies focus on floor-traded equity index futures 

and electronically traded E-mini equity index futures. Although these contracts are based 

on the same index, they have different contract sizes, and their customer base might be 

different due to this feature.1 More recently, the CME introduced side-by-side trading in 

currency futures. Identical contracts began trading simultaneously on GLOBEX and via 

open-outcry on April 2, 2001.  Our study focuses on the impact of electronic trading on 

price discovery and liquidity in identical currency futures contracts.  

 Open-outcry trading (floor-based trading) is comparable to a continuous dealer 

market and electronic trading is comparable to a continuous order-driven market. 
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Supporters of electronic trading argue that the electronic trading system possesses the 

following merits over the open-outcry trading system: (1) faster speed and accuracy in 

processing transactions; (2) lower operating cost; and (3) open access to the limit order 

book and anonymity of trader identification. Based on these advantages, the advocates of 

automated trading believe that the electronic trading system would enhance market 

liquidity and result in a larger contribution to the price discovery process. On the other 

hand, the critics of electronic trading systems claim that electronic trading eliminates 

strategy-based informational advantages that market makers possess in the open-outcry 

trading pit. Furthermore, the liquidity suppliers face larger adverse information costs 

when submitting their orders to the limit order book because of the possibility of trading 

with anonymous counterparts.  Thus, it is believed that market makers would increase 

their effective bid-ask spreads in order to compensate for their potential losses to 

informed traders. As a result, trading costs may rise. This increase in trading costs 

reduces the liquidity of the contract market which, in turn, will cause the electronic 

trading system to make less of a contribution to the price discovery process.  

 The main objectives of this paper are: (1) to empirically compare the relative 

liquidity of the same foreign exchange (FX) futures contracts that are traded side-by-side 

in  both trading systems (electronic vs. floor), during regular trading hours; (2) to 

examine the price discovery  role played by the electronic trading  market versus the floor 

trading market during high versus low volatility periods; and (3) to test the hypothesis 

that operational efficiency and relative liquidity jointly determine the contribution of each 

asset traded under different trading systems to price discovery.  
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 Our paper is closely related to a previous study by Coppejans and Domowitz 

(1999), who examined the bid-ask spread of automated trading during “off-exchange 

hours” and floor trading in regular hours in selected currency futures markets, with 

intraday data from July 1, 1994 to September 1, 1994. Our paper is different from 

Coppejans and Domowitz’s (1999) in two ways.  First, we examine the bid-ask spreads 

between electronic trading versus floor trading in currency futures markets using updated 

and longer intraday data for regular trading hours.  Second, our paper extends Coppejans 

and Domowitz’s analysis by examining the relative contributions towards price discovery 

of electronic versus floor trading in currency futures markets during the same (regular) 

trading hours. 

          Intraday data sets of the Japanese Yen, British Pound, and Euro FX futures 

contracts are used in this study.  Our data set has advantages over the data set used by 

previous studies.  A comparison of open-outcry and electronic trading using CME’s FX 

futures data gives us a controlled experiment of two trading system characteristics, since 

the FX futures contracts traded in both trading mechanisms are identical. (See Table A.1 

in appendix for contract definitions). This eliminates the weaknesses in previous studies 

which suffered from “contract specification bias” or “home country bias.”  The price 

reversal method is used to estimate the bid-ask spread, and information shares 

(Hasbrouck 1995) and common long-memory factor weights (Gonzalo and Granger 

1995) are employed to measure the contribution by each trading mechanism in these FX 

futures markets to the price discovery process. 

 Several interesting empirical results have been obtained, based on intraday data 

from January 2, 2003 through March 5, 2004.  We have found that bid-ask spreads were 
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lower for automated trading after controlling for such variables as price volatility and 

trading volume in a regression framework in the Japanese Yen, British Pound, and Euro 

futures markets.  During the sample period, floor-based trading has often contributed 

more to price discovery in the Japanese Yen and British Pound futures markets. On the 

other hand, electronic trading is the dominant contributor to price discovery in the Euro 

futures market. A regression analysis reveals that alternative measures of liquidity 

variables between markets are the determinants of dynamics of information shares over 

time. Our results are consistent with the hypothesis that relative liquidity determines the 

rate of the price discovery process.   

 The rest of the paper proceeds as follows:  Section II presents a literature review 

of liquidity and the information transmission relationship in futures markets under 

alternative trading systems.  In Section III, we formulate our hypotheses on relative 

liquidity and the information transmission relationship between screen-trading versus 

floor trading FX futures. Section IV discusses the contract specifications and the sources 

of data. Section V reports liquidity measures. In Section VI, the results of the measures of 

contributions to price discovery are reported. Results of the regression analysis on the 

relationships between liquidity and information shares are reported in Section VII.  We 

conclude the paper with a summary and conclusions section.  

 

II. Literature Review 

 Empirical literature on relative liquidity and price discovery under alternative  

trading systems (i.e. electronic vs. open-outcry) in futures markets is accumulating. In 

general, the futures literature related to our study can be divided into two groups.   
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The first line of research examines the liquidity and/or price discovery in futures 

traded under alternative trading systems in non-US futures markets. Most of these papers 

focus mainly on German Bund futures trading on the DTB (electronic trading system) 

and on LIFFE (floor-based trading system). Kofman and Moser (1997), Pirrong (1996), 

Frino, McInish and Toner (1998) are in this group. Pirrong (1996) finds that effective 

bid-ask spreads in electronically traded German Bund futures on the DTB are no greater 

than effective bid-ask spreads in floor-traded  German bund futures on LIFFE. The 

papers that study price discovery in these two markets include Shyy and Lee (1995), 

Kofman and Moser (1997), Martens (1998) and Franke and Hess (2000). Shyy and Lee 

(1995) and Kofman and Moser (1997) find that price changes on the DTB lead price 

changes on LIFFE. However, both studies employ a very short time period.2 Martens 

(1998) and Franke and Hess (2000) provide empirical evidence that LIFFE bund futures 

made a larger contribution to price discovery during periods of high volatility and DTB 

German bund futures made a larger contribution to  price discovery during periods of  

low volatility. However, these studies suffer from home country bias. 

Gilbert and Rijken (2003) examine the bid-ask spread of the FTSE 100 before and 

after the LIFFE moved from a floor trading to an electronic trading system. They find 

that the bid-ask spread of the FTSE 100 is smaller after the move from a floor trading to 

an electronic trading system. Aitken et al. (2004) study the impact of electronic trading 

on bid-ask spreads and find  that the bid-ask spread of futures contracts are lower in Hong 

Kong, London, and Sydney futures exchanges following their switch to an electronic 

trading system. 
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The second line of research focuses on the effects of automation in price 

discovery and/or liquidity in US futures markets. Coppejans and Domowitz (1999) 

address the characteristics of automated markets on the CME. They study automated 

trading during “off exchange hours” and floor trading during regular trading hours in the 

S&P 500, Deutschemark, Yen, and Swiss Frank futures markets from July 1, 1994 

through September 1, 1994. They find that bid-ask spreads in the S&P 500 futures 

markets are very close to each other in both trading mechanisms; however, bid-ask 

spreads are much higher in electronic trading in currency futures markets. Their findings 

also show that the adverse selection component is larger in electronic trading for all 

currencies except the DM. 

 The remaining papers focus on regular index futures and E-mini index futures 

traded on the CME under alternative trading mechanisms. Hasbrouck (2003) examines 

the price discovery process among equity index futures, E-mini index futures and 

Exchange Traded Funds (ETFs) in the S&P 500 and Nasdaq 100 index derivative 

markets using intraday data from March 1, 2000 to May 31, 2000. He finds that E-mini 

equity index futures plays a dominant role in the price discovery process in these 

markets. Using intraday data from May 7, 2001 to September 7, 2001, Kurov and Lasser 

(2002), examine the price discovery process in the S&P 500 and Nasdaq 100 index 

futures markets. They find that the price discovery process is in fact initiated in 

electronically traded E-mini index futures markets and is driven by trades initiated by 

exchange locals who can also access E-mini index futures markets. Ates and Wang 

(2003) examine the price discovery process between equity index futures and E-mini 

index futures in the S&P 500 and Nasdaq 100 index futures using intraday data from 
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1998 to 2001. Their results show that both E-mini and regular index futures contribute to 

the information transmission process, but since 1999, E-mini futures have became 

dominant in price discovery. They also demonstrate that the information share is 

positively related to the market share of E-mini futures trading. 

In summary, previous empirical studies in this area suffer from either one or both 

of the following deficiencies: (1) they did not control for the differences in contract 

definitions or home country biases; and (2) they used either a very liquid time period or 

an initial introduction time period for evaluating electronic versus open-outcry trading 

mechanisms, and the validity of their empirical results rests on the limited time period 

employed. Our paper overcomes the various deficiencies of these earlier studies.  

 
III. Hypotheses on Liquidity and Price Discovery under Alternative Trading 

Systems 

 In this section, we discuss the differences in operational efficiency and 

informational efficiency between electronic and open-outcry systems. These differences 

in attributes would influence a trader’s choice of alternative trading systems. This, in 

turn, would have implications for relative liquidity and the rate of price discovery in these 

two trading systems.  

3.1 Differences in Operational Efficiency  

 The proponents of the electronic matching system claim that automated trading is 

operationally more efficient than floor trading. Their main arguments can be summarized 

as follows.  First, automated trading provides convenient and rapid delivery of customers’ 

orders for execution and immediate customer notification of an execution.3  By contrast, 

in floor trading, customers’ orders are delivered by runners to the brokers in the pit. 
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(However, the open-outcry system has recently introduced an electronic order routing and 

reporting system to accelerate this process; this will reduce the relative advantage of a 

speedy execution of orders by automated trading.)  Second,  electronic trading allows 

market participants to monitor the status of their orders through the execution process and 

reduces the possibility of trade abuses (i.e. dual trading issue).  Third, the floor trading 

system always faces “out trade” (or error trade) problems. Greater out trades equal 

greater potential loss for the traders and greater risk due to delays in resolving errors that 

may arise. By contrast, the electronic matching system minimizes any out trades and 

facilitates the clearing of trades by member firms.  Fourth, fairness of the FIFO systems 

results in no differentiation between customers.  Fifth, electronic trading allows traders to 

reach many markets at the same time and offers a greater distribution potential due to the 

unlimited number of terminals, whereas the number of locals in the floor trading system 

is limited by the capacity of the trading pits.  Finally, it is easier and less costly to 

monitor the credit worthiness of traders in an electronic trading platform than it is in the 

open-outcry  system during periods of high volatility.4  

 In summary, the electronic trading system seems to have advantages in 

operational efficiency. These advantages imply that electronic trading would have a 

relatively lower order processing cost component in its effective bid-ask spread than 

would electronic trading. 

3.2 Differences in Informational Efficiency 

             The differences between floor trading and electronic trading systems in the 

accessibility of timely market information to traders are summarized below. 
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First, in pit trading, local traders know who is bidding, who is offering, and who 

is trading with whom. Furthermore, a local trader can observe brokers’ activity such as 

outside orders driving the markets or trading to balance their positions. In contrast, 

electronic matching systems (e.g. GLOBEX) do not disclose who is bidding or offering; 

thus, one does not know with whom one is trading. In general, floor trading offers locals 

more transaction details than electronic trading systems.  

Second, in the pits, traders can select their counter party. Because a broker can 

choose whom to trade with, locals can observe the broker’s choices and avoid trading 

with informed traders. The opportunity to observe order flow and other traders’ behavior 

(endogenous information) on the floor is extremely valuable in the information intensity 

(high volatility) trading period.5  The electronic matching systems do not allow traders to 

select their counter party. Furthermore, quotes posted by locals on the screen provide a 

free option to informed traders. 

Third, locals operating on an electronic trading system can have direct access to 

numerous news media and trading support software. Furthermore, such a system allows 

outside orders to arrive at the market more quickly than does a floor trading system. 

Locals on the trading floor only receive news from a limited sample of news displayed on 

the walls of the exchange floor as well as from runners. 

Fourth, Franke and Hess (2000) and Martens (1998) argue that, during low 

volatility periods, the limit order book offers traders useful information on the depth of 

the market and hence, insight into the market.  By way of contrast, locals in the pits can 

only observe the best bid and ask as it is announced and do not have access to a limit 

order book. The observation of other traders' behavior and transaction details is less 
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informative because there are not many transactions on the floor. Thus, the open-outcry 

trading system provides less information on market depth in a low volatility period. 

               In a high volatility period, these authors argue that a trader in the open-outcry 

market can change his price quote by a simple hand signal and verbal announcement, 

thus canceling his previous bid or offer. By contrast, a trader in an electronic trading 

market experiences certain slackness in the market’s ability to accept a change in old 

quotes as well as the submission of new quotes.  Response time is further challenged 

during high-volatility periods due to an increase in message traffic. Based on these 

considerations, Franke and Hess (2000) and Martens (1998) suggest that the electronic 

trading systems’ contribution to information share is relatively larger in quiet periods 

than it is in volatile periods.6

In short, locals in the floor trading system have access to more strategic 

information than locals in the electronic matching system. The electronic matching 

system offers locals more technical informational advantages than the floor trading 

system. On balance, electronic trading systems do not seem to offer locals greater 

informational advantages over the floor trading system. 

3.3 Hypotheses  

 Based on the above analysis, our hypotheses on the liquidity and price discovery 

relationship between electronically-traded FX futures and floor-traded FX futures are 

formulated as follows:  

(1) The bid-ask spreads would be lower in electronically-traded FX futures if the 

advantage of the lower order processing cost component in electronic trading 
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exceeds the disadvantage of having a relatively higher adverse selection 

component. 

(2) Electronic traded FX futures make a dominant contribution to price discovery 

during periods of low price volatility, and a secondary contribution to price 

discovery during periods of high volatility. 

(3)  Liquidity (measured by differences in bid–ask spreads, market shares and 

ratios of trading frequency) and relative operational efficiency jointly 

determine the share of information contributed by alternative trading systems 

in the price discovery process. 

In summary, our price discovery hypothesis follows the trading cost hypothesis 

suggested by Fleming, Ostdiek, and Whaley (1996) in explaining the relative rate of price 

discovery in stock futures and option markets by considering both the relative operational 

efficiency as well as liquidity (i.e. trading cost) in determining the rate of the price 

discovery relationship. 

IV. Data Description 

 The primary data used in this study consists of six intraday transaction price 

histories: Japanese Yen futures (floor-traded and screen traded), British Pound futures 

(floor-traded and screen traded), and Euro futures (floor-traded and screen traded). These 

futures are included in this study because they are among the most very active FX futures 

contracts trading at the CME. By studying these markets, we avoid a possible bias caused 

by infrequent trading. 

           The floor-traded and electronically-traded Japanese Yen futures have identical 

contract specifications.  The contract size is 12,500,000 Japanese Yen and the minimum 
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tick is $12.50 per contract. Both contracts have the same expiration date and have a 

physical delivery settlement. There are four contract months: March, June, September, 

and December. The trading hours for open-outcry are from 7:20 a.m. to 2:00 p.m. (central 

time) and the trading hours for GLOBEX  are  4:30 p.m. to 4:00 p.m. the following day, 

Monday through Friday. Sunday trading begins at 5:30 p.m.                  

             The electronically-traded and floor-traded British Pound futures share almost the 

same contract specification as the Japanese Yen futures contract with the exception of 

contract size and tick size. The contact size of the British Pound futures is 62,500 British 

Pounds and the minimum tick is 0.0001 (i.e. $ 6.25 per contract)7.  Floor-traded and 

electronically-traded Euro futures have identical contract specifications.  The contract 

size is 125,000 Euros and the minimum tick is $12.50 per contract. The details of the 

contract specifications of these contracts are given in Table A.1 in the appendix.  

             Our sample period for this study extends from January 2, 2003 to March 5, 2004. 

The nearby contracts are used in our analysis since they are the most active contracts in 

terms of trading volume. To construct a continuous time series, the first deferred contract 

is switched into the nearby contract one week prior to the expiration of the nearby 

contact. Half trading days are excluded from the data set. 

         The intraday time and sales data and Computer Trade Reconstruction (CTR) 

data for these six futures contracts are obtained from the CFTC database. The daily 

trading volume of the six contracts during the parallel trading hours is calculated from 

CTR data.  The price series are actual transaction prices for all trades during the day.   

For that reason, they are not uniformly spaced in time. To assess the degree of co-

movement among the prices in different markets, it is necessary to define and compare 
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returns over a standardized time interval. Therefore, a 30-second data set is constructed 

for each price series. To generate a synchronized price series, a daily time grid is 

established. The grid begins at 7:20 a.m. (CST), and proceeds at thirty second intervals 

until 2:00 p.m. For each of the data series the grid contains the last reported price in each 

interval. Any interval between these initial and terminal points that does not contain a 

price observation for a given series is assigned the price from preceding intervals. 

 The 30-second price series are then used to generate a time series of returns for 

floor-traded FXs futures and their corresponding electronically-traded counterparts 

during parallel trading hours. Price changes (returns) were constructed from the 

difference in log price relatives.  

      V. Measuring Liquidity 

 Liquidity is one of the most important attributes of a trading system. A financial 

market is a liquid market if a large transaction size can be executed with minimum time 

delay and minimum price changes. Thus, the definition of liquidity involves three 

elements: time, transaction size and price impacts. The bid-ask spreads are the results of 

the interaction of these three elements and are commonly employed as a measure of the 

liquidity of the market. 

  The price reversals method is used to estimate the daily realized spreads with the 

use of intraday time and sales data.8 The bid-ask spreads are estimated as follows: (i) an 

empirical joint price distribution of ∆Pt and  ∆Pt-1 during a daily interval is created,(ii) the 

subset of price  changes that exhibit price continuity ( i.e. a positive change followed by 

another positive change) is discarded; (iii) the absolute value of price changes that are 

reversals are taken; and (iv) the mean of absolute values obtained from step (iii) is 
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computed.  This method is widely used in empirical studies of bid-ask spreads in futures 

market literature.9  

       Table 1 reports the estimates of bid-ask spreads for the floor-traded and screen-

traded Japanese Yen, British Pound, and Euro futures contracts for the period from 

January 2, 2003 through March 5, 2004.  Figure 1 presents a time series plot of these bid-

ask spreads. We find that the means of the bid-ask spreads of floor-traded Japanese Yen, 

British Pound, and Euro futures are wider than the means of the bid-ask spreads of their 

electronically traded counterparts. The higher spreads in floor trading may be due to the 

possibility of having a larger order processing and inventory cost component.  Our results 

differ from Coppejans and Domowitz (1999). They find that electronically-traded 

Japanese Yen futures have higher bid-ask spreads (three to four ticks) than floor-traded 

Japanese Yen futures during off-hours than during regular trading hours. Their results are 

due to the fact that electronic trading lacks liquidity during overnight trading. 

              To control the effects of other variables on effective bid ask spreads, we perform 

an analysis of the covariance model to test the equality of floor-based effective spreads 

versus the electronic trading effective spreads for our data. The covariance model is 

specified as follows:   

 BASi,t=β0+β1TVi,t+β2IVi,t+β3BASi,t-1+β3DGLOBEX+εi,t        (1)  

where  

                        i=floor trading, electronic trading; 
 

BAS i,t= Daily bid ask spreads of trading system i on the day t; 
 
TV i,t= Daily trading volume of trading system i on the day t; 
 
IV i,t=  Intraday price volatility of trading system i on the day t; 
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BAS i,t-1= Bid-ask spreads of trading system lagged one period; 
 
D GLOBEX= Dummy variable is equal to one, for observations that belong to 
electronic trading spreads and equal to zero otherwise;  
 
et  = Stationary time series error term. 
 

             All variables are expressed in logarithm form except for the dummy variable.  

     A negative relationship is expected between the bid-ask spreads and trading 

volume. As trading volume (a measure of market liquidity) increases, there is more 

opportunity for market makers to offset the undesirable positions of their inventories and 

hence reduce their price risk. Thus, bid-ask spreads will decrease.  Intraday price 

volatility is expected to have a positive impact on the bid-ask spread because transaction 

price changes imply two types of risk for market makers.10  First, market makers may 

bear risk for holding excess inventory. Second, large price changes may be correlated 

with the presence of informed traders, and the dealer must increase spreads to 

compensate for expected loss when trading opposite informed traders. The one-period 

lagged bid-ask spread variable is used to capture the dynamic effect (specified as a 

partial-adjustment model) of bid-ask spreads and the coefficient is expected to be positive 

and less than one. We also add a tick-size dummy into the British Pound regression 

specification to control for the effects of tick-size reductions in British Pound futures on 

October 6, 2003. The dummy variable takes a value of 1 after the tick-size change and a 

value of 0 before the tick-size change. 

     Generalized Method of Moment is used to estimate the parameters of the 

covariance models of bid-ask spreads. The optimal weighted matrix used in the equation 

is the estimated consistent covariance matrix under the serially correlated and 

heteroskedastic error process (as proposed by  Newey  &West, (1987)). The empirical 

 17



results  are reported in Table 2. As expected, the coefficients of trading volume for the 

Japanese Yen, British Pound, and Euro are negative and significant at least at the 5% 

level. The coefficients of volatility are positive and significant for both Japanese Yen and 

British Pound futures and negative and insignificant for Euro futures. The coefficients of 

lagged bid-ask spreads are all positive and significant at the one percent level. This 

suggests that dynamic adjustment of the bid-ask spread is usually not completed in a one-

day period for the futures contracts studied. For British Pound contracts, the coefficient 

of the tick-size change dummy is negative and significant as expected. 

 The coefficients of the GLOBEX dummy variable for the Japanese Yen, British 

Pound, and Euro futures are negative and significant at the one percent level.  These 

results suggest that electronic trading spreads are lower than their corresponding floor-

based spreads, even when we control for variation in spreads due to other related 

variables.   

 In sum, daily spreads are wider on the open-outcry trading system than on the 

electronic trading system for all contracts. These results are consistent with the 

hypothesis that the relative advantage of having a lower processing cost component of the 

spreads in the electronic trading system offsets the disadvantage of the large adverse 

information cost component that results from trader anonymity.              

VI. Price Discovery   

 In this section, we first discuss the rationale for the existence of a co-integration 

system in FX futures, which are simultaneously traded on both open-outcry and 

electronic trading systems.  The common factor weight approach proposed by Gonzalo 

and Granger (1995) and the information share approach suggested by Hasbrouck (1995) 
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are applied to examine the contribution of information shares by the same foreign 

exchange futures trading under alternative trading systems during regular trading hours. 

 Electronically-traded FX futures prices and prices of their floor-traded 

counterparts contain a random walk component due to the efficient market hypothesis, 

and they are a non-stationary time series. They are trading for the same underlying asset. 

Thus, it is expected that they share the same implicit efficient price component (common 

stochastic trend) due to price arbitrage.  Hence, the difference between the two price 

series will be stationary. Therefore, these prices in these two markets form a co-

integration system. The co-integration system will have one cointegrating vector and one 

stochastic common trend. 

  If two prices are cointegrated, based on the Granger representation theorem 

(Engle and Granger 1987), their price changes should be represented by a vector error 

correction (VEC) model as 

 1
1

k

t i t i t
i

p p p tµ ε− −
=

∆ = + Γ ∆ +Π +∑         (2) 

where  

 pt are 2x1 vector of the log price changes,  µ is (2x1) vector of constants,  Γi are 

(2x2) matrices of parameters, k is the lag length which will be determined by the AIC 

criteria,  Π=αβ’ is (2x2) matrix, α is (2x1) the adjustment parameter matrix and β is a 

(2x1) cointegrating matrix and a row of β’  is a cointegrating vector, εt is a (2x1) error 

vector with a mean zero vector and covariance matrix Ω, ∆ is the difference operator. 

 The Augmented Dickey-Fuller (ADF) test is employed to test the order of 

integration, and the lag length is chosen based on AIC Criteria and white noise of the 
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residual. We find that intraday price series contain a unit root.11  As expected, they are 

non-stationary time series with an integrated order of one.  We also apply Johansen’s 

(1991) likelihood ratio test and the maximum eigenvalue test known as λ max to check 

each pair of the intraday series form a cointegrated system. The empirical results confirm 

that they form a cointegrated system for each matched pair of intraday transaction price 

series.12   

6.1 Common Long Run Factor Weight  

In a cointegrated system such as in equation (2),  Gonzalo and Granger (1995)  

 propose a  methodology to decompose the vector of market prices into permanent and 

transitory components:  

 2t t tp f i z= +             ( 3 ) 

where pt  is defined in equation (2), ft is a common long memory component and zt  an  

(2x1) transitory component (i.e. I(0)).  i2 is an (2x1) unit vector. 

         They impose two restrictions which allow for identification of the common long-

memory component ft : (1)  ft is a liner combination of current market prices; and (2) the 

transitory component  zt  has no long run impact on market price pt. 

            Using  Johansen’s maximum likelihood estimation framework, Gonzalo and 

Granger (1995) suggest that the common long memory factor can be estimated as  

,  where  '
tf α ⊥= tp 'α⊥  is a (2x1) vector which is orthogonal to α , the vector of speed  

adjustment of error correction term  defined in equation (2). The common factor 

(common stochastic trend) has been interpreted as an implicit efficient price, which is 

common to the related market prices. The normalized factor weights are used as measures 

of the contribution to price discovery by each related market price.  The factor weights 
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are summed to one. The market with greater weight contributes to the price discovery 

process more. The common factor weights approach has been used by Theissen (2002) in 

assessing the relative price discovery contributions of trading the same stock on 

electronic versus floor trading systems in the German equity markets.13

               We first estimate common factor weights for each day in our data period. The 

data set of daily estimates provides us an opportunity to test the relationship between 

liquidity and the price discovery process. The time series behavior of the daily estimates 

of price discovery for the Japanese Yen, British Pound, and Euro are reported in Figures 

2.a, 3.a, and 4.a respectively. It is interesting to observe that the common factor weights 

of the floor-traded Japanese Yen and British Pound are generally greater than their 

corresponding counterparts traded on GLOBEX during the sample period. In the 

Japanese Yen market, the common factor weights of floor-trading exceed 50 percent on 

207 out of 293 days.  In the British Pound market, the common factor weights of floor-

trading are greater than 50 percent on 165 out of 293 days.  In the Euro market, price 

discovery  shifts to  GLOBEX trading;  the common factor weights of floor trading 

exceed 50 percent on only 63 out of 293 days.     

         Tables 3.a, 3.b, and 3.c present the aggregate estimates of common factor weights 

in mean, median and standard deviation of the three futures contracts trading on the floor 

versus GLOBEX.  In the Japanese Yen case, common factor weights of floor-based 

trading account for 61 percent of price discovery and the remaining 39 percent is 

attributed to trading on the GLOBEX system.  In the case of British Pound futures, floor-

based trading also provides a larger contribution to price discovery (54 %) than the 
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corresponding contribution made by electronic trading (46 %).  In the Euro case, 

electronically traded contracts contribute more toward price discovery with 69 percent.   

       
6.2. Hasbrouck Information Shares   

            Hasbrouck (1995) defines price discovery as the arrival of new information 

affecting the permanent implicit common efficient price changes. He suggests that the 

contribution of price discovery by each market (sharing a stochastic common trend) is 

defined as the variation in efficient price innovations attributable to that market’s 

innovation.  If the majority of the total efficient prices variation is responsible by jth 

market, that is to say that jth market is major force in setting common efficient price.  

In a cointegrated system, the VEC model in (1) has a common trend  

 representation (i.e. infinite moving average representation, Johansen (1991)), 14
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where  u0  is a constant (2x1) vector, C is the impact matrix, representing the long-run 

impact of  disturbance on each of the two prices. C*(L) is a matrix polynomial in the lag 

operator.

             If  the variance covariance matrix  Ω  were diagonal,  Hasbrouck (1995) defines 

the jth market information share as     
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where cj is the jth element of the common row vector of the impact matrix c in the 

common trend representation and Ωjj is the jth diagonal element of Ω. 
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                When the covariance matrix Ω is not diagonal, Hasbrouck (1995) defines the 

information shares of the jth market  prices as : 
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            In equation (6), F, the Cholesky factorization of Ω, is a lower triangular matrix 

such that Ω=F F’. The variance attributed to a particular market j is ([cF]j)2 
 and [cF]j is 

the jth element of the row matrix [cF]. The lower triangular factorization maximizes the 

information shares on the first price. By permuting the order of the market prices, 

equation (6) will provide an upper and lower bound for the information share of each 

market. We also use the midpoint of the upper and lower bounds of jth markets as a single 

measure of jth  markets’ information share.15

          Time series behaviors of the daily information shares of these three futures 

contracts trading in alternative systems are presented in Figures 2.b, 3b, and 4b. In the 

Japanese Yen futures, the information shares of the floor trading are above 50 percent in 

198 days out of 293. In the British Pound futures, there are 153 days where the 

information shares of floor trading are greater than 50 percent. In the Euro futures, there 

are only 64 days where the information shares of floor trading are above 50 percent.  The 

aggregate measures of information shares by mean, median and standard deviation are 

reported in the second parts of Tables 3.a, 3.b, and 3.c. Again, the information shares of 

floor trading are larger than the information shares of GLOBEX trading in Japanese Yen 

and British Pound FX futures markets. However, in the Euro FX market, the contribution 

of floor trading towards price discovery is secondary.   
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          In summary, empirical results produced by these two measures are consistent with 

each other. We provide new evidence that Japanese Yen and British Pound futures 

trading on the floor contributed larger shares to price discovery than trading on 

GLOBEX. The results of the Japanese Yen and British Pound futures are different from 

previous literature where screen traded E-mini equity index futures dominate price 

discovery. 

6.3. Price Discovery in High and Low Volatility Periods      

To estimate screen traded foreign exchange futures’ contribution to the price 

discovery process in high versus low volatility periods, we classify trading days into 

high, normal, and low volatility days. The procedure we used consists of three steps.  

First, the daily realized volatility of screen-traded and floor traded futures are estimated 

for each trading day.16  Second, we estimate empirical distributions of daily realized 

volatility for whole sample periods.  Third, trading days during a given sample period are 

classified into high volatility days if their daily volatility is equal to or greater than the 

90th percentile of the empirical distribution of daily volatility for a given sample period, 

and are classified into low volatility days if their volatility is equal to or less than the 10th 

percentile of the empirical distribution for a given sample period.17  

         Table 4  part A presents  the contribution to information shares by screen traded 

versus floor traded Japanese yen, British Pround and Euro FX futures markets during 

high and low volatility periods. We observe three interesting results: (1) floor-traded 

Japanese Yen and British Pound Futures make a larger contribution to information shares 

during both high and low volatility periods than their screen-traded counterparts; (2)  

screen-traded Euro FX futures make a larger contribution to information shares during 
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both high and low volatility periods than their floor traded counterpart; and (3) The 

screen trading system made larger contributions  to information shares in the British 

Pound and Euro FX futures markets during low volatility periods compared with their 

contributions to information shares during high volatility periods.  However, this pattern 

does not hold for screen traded Japanese Yen futures markets. Table 4 Part B  presents 

similar results for the contributions to information shares (measured by common factor 

weights) by screen versus floor trading systems in these three FX futures markets. 

 These results differ from the empirical findings by Martens (1998) and Franke 

and Hess (2000), who found that German Bund futures traded on DTB (screen traded) 

made a dominant contribution to price discovery during low price volatility periods, and a 

secondary contribution to price discovery during high volatility periods in comparison 

with German bund futures traded on LIFFE (floor trading).   

 

VI. The Relationship between Price Discovery Measures and Liquidity   

Having estimated daily information shares and common factor weights over time, 

we would like to examine liquidity measures affecting the daily variation of price 

discovery in these two futures markets in the following regression model framework: 

ISfloor= α0+α1MSfloor+α2RNTR+α3(BASfloor- BASscreen) +α4Vlt+ε          (7) 

    
where ISfloor denotes Hasbrouck's information share of floor-based trading systems.18  

MSfloor is the market share of the floor-based trading system defined as the ratio of floor-

based trading volume divided by the sum of the trading volume of electronic trading and 

floor-based trading systems. RNTR is the relative market activity variable. The relative 

market activity is measured by the ratio of daily means of the number of floor trades per 
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3-minute periods to daily means of the number of screen trades per 3-minute periods.19 

Figure 5 presents the time series plots of daily means of trading frequency per 3-minutes 

for all six contracts.  BASfloor denotes spreads of the floor and BASscreen denotes the 

spreads of the GLOBEX. Vlt denotes volatility of the floor.  

             Fleming, Ostdiek and Whaley (1996) argue that trading cost is the major factor in 

explaining relative rates of price discovery in stocks, futures and option markets. They 

also ascertained that price discovery will occur in the market with the lowest cost (liquid 

market), since informed traders choose to trade in that market. The bid-ask spread is a 

measure of trading cost. Narrower spreads mean lower trading costs. Since traders prefer 

to trade in a lower cost market, we expect that the coefficient of the variable, (BASfloor -

BASGlobex), the difference between the two spreads, is negatively related to information 

shares of the floor trading system. It is expected that the sign of the coefficient of the 

market share of screen trading, MSfloor   should be positive. Traders prefer to trade in 

liquid markets.20 The relative trading activity variable is another measure of liquidity and 

is expected to have a positive sign as well. 

           OLS is used to estimate the parameters of model (7). The Newey and West 

procedure (1987) is used to calculate consistent standard errors of regression parameter 

estimates under a serially correlated and heteroskedastic error process. Table 5 reports 

coefficient estimates of  the regressions for Japanese Yen, British Pound, and Euro 

futures. From Table 5, we observe that the coefficients of the spread difference and 

market shares have expected signs and they are statistically significant as well in 

Japanese Yen futures. The relative market activity variable in regression specification (2) 

is insignificant but it becomes positive and significant after the market share variable is 
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removed from the regression. This is because the relative market activity variable and 

market share variable have a strong multicollinearity. These results are consistent with 

the relative liquidity hypothesis in determining the contribution of the price discovery 

process. The coefficients of volatility are insignificant. We fail to obtain evidence to 

support the hypothesis that the floor-based trading system makes a larger contribution 

towards the price discovery during high volatility periods in Japanese Yen futures.   

          Table 5 also reports the regression results of the relationship between the 

liquidity and price discovery for British Pound futures trading in alternative trading 

systems. We find that the coefficient estimates on the market share of floor trading are 

positive, as expected, but statistically insignificant for the regression specification (1). 

The coefficients of spread differentials are negative, as expected, but also statistically 

insignificant. The coefficients of market share variables are insignificant as well. 

However, the coefficients of the market activity variable are significant and have correct 

signs. These results are consistent with the relative liquidity hypothesis in determining 

the contribution made towards price discovery. Again, the coefficients of  volatility of the 

floor are insignificant.  We also control for tick size change in the British Pound futures 

and find that it has no effect on price discovery. 

Regression results of Euro futures are also reported in Table 5. In the Euro case, 

only the coefficients of relative spreads are negative and statistically significant. As the 

cost of trading goes up in floor trading, then price discovery will shift to the GLOBEX 

system. However, the coefficients of market shares are insignificant in all regression 

specifications.  Again, the coefficients of volatility of the floor are insignificant. 
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VIII. Summary and Conclusions  

 This paper examines the relative liquidity and rate of price discovery for floor 

versus electronic trading in the CME's Japanese Yen, British Pound, and Euro FX futures 

markets, during the sample period extending from January 2, 2003 to March 5, 2004.  We 

find that bid-ask spreads are higher for floor-based trading. The higher spreads in the 

floor system may be due to the fact that floor trading has a higher order processing cost 

component compared to electronic trading. 

  Based on common factor weights and information shares, we find that trading in 

both systems contributes to the price discovery process, but trading under the open-outcry 

system makes a relatively larger contribution to price discovery in the Japanese Yen and 

British Pound futures. Conversely, trading on GLOBEX makes a relatively larger 

contribution to the price discovery in the Euro FX futures market during the sample 

period.  Our empirical results obtained in these three (CME’s) foreign FX futures markets 

do not support the hypothesis suggested by Martens (1998) that the contribution to 

information shares by  electronic trading systems is higher in low volatility periods and 

lower in high volatility periods. Regression results support the hypothesis that relative 

liquidity influences the variation in information shares and common factor weights over 

time. 

   Our new empirical findings on the Japanese Yen and British Pound futures are 

contrary to the results of previous literature on price discovery which suggest that 

electronic trading is the dominant force in price discovery. These results suggest that 

additional empirical research is required in order to test the robustness of results 

regarding the evaluation of relative merits of these two trading systems. Our results 
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provide support for the argument that the open-outcry trading system has performed 

relatively well in a head-to-head competition with the electronic trading system in these 

two FX futures market. Additional research is needed to identify who the major users of 

these two systems are in order to gain further understanding of the factors affecting the 

choice of alternative trading systems. 
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Endnotes 

                                                 
1 About 95% of the E-mini trades were in units of less than five contracts and many day traders use E-mini 
futures (Ates and Wang 2003) 
 
2 Shyy and Lee (1995) use data from November 8 to November 19, 1993 and Kofman and Moser (1997) 
use data from March 2 to April 10, 1992. 
 
3 Grunbichler et al. (1994) claim that fast execution reduces execution risk. Thus, electronic trading reduces 
the order processing cost and cost of trading. 
 
4 Further discussion is referred to Grunbicher, Longstaff and Schwartz (1994), Lucas and Shatz (2000) and 
Pirrong (1996).  
 
5 Massimb and Phelps (1994) present detailed discussion on the accessibility of timely market information 
on locals trading in the pits versus on the GLOBEX system. 
 
6 They provided empirical evidence to support their argument in the DTB  (electronic trading) versus the 
LIFFE  German Bund futures (floor trading) during the sample period from 1991 to 1995. 
 
7 Minimum tick size for the British Pound contracts changed to $6.25 starting with GLOBEX trading on 
Sunday October 5, 2003, for the trade date of Monday, October 6, 2003. Before October 5, 2003, the 
minimum tick size was $12.50. 
 
8 The basic idea for this procedure is suggested by Bhattacharya (1983) and is slightly modified by Wang, 
Moriarty, Michalski and Jordan (1991).  
 
9  See Wang ( 1994), Wang (1997) and others. 
 
10 The intraday price volatility variable is measured by ln (maximum price/minimum price) where the 
maximum and minimum prices are calculated each day during the regular trading hours (i.e. 7:20 a.m. to 
2:00 p.m.). 
 
11 In order to save space, these results are not reported  here, but interested readers can obtain the results 
from the authors.   
 
12 These empirical results are not reported here, but interested readers can obtain these results from the 
authors. 
 
13 Booth, So and Tse (1999) employ a common factor weight approach to study price discovery in the 
German equity derivatives markets. Harris, McInish and Wood (2002) applied this technique to study price 
discovery of Dow Jones’ stocks trading on informationally-linked exchanges. The other study involves the 
application of common factor weights in the price discovery process  including Covring, Ding and 
Low(2004) , Frino, Harris, McInish and Tomas III (2004)  and others. 
 
14 Further discussion on the stochastic trend representation of a cointegrated  system may be found in Stock 
and Watson ( 1988). 
 
15 Ballie, Booth, Tse and Zabotina (2003) demonstrate that the mean of the upper and lower bounds of 
information shares is a reasonable measure of a market’s contribution to the price discovery process. 
 
16  Following Andersen et al. (2001), we calculate the daily realized volatility as follows: (1) the last 
transaction price at each five-minute interval is sampled; (2) the price changes of each five-minute interval 
is calculated; and (3) the daily realized volatility is the sum of  the squared price changes of each day. 
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Further discussion on alternative daily volatility calculations from intraday data may be found in Bollen 
and Inder (2002).  
 
17  We follow the rule suggested by Webb and Smith (1994) and Martens (1998) to classify trading days 
into high and low volatility days. 
 
18 Since the regression results of determinants on the two price discovery measures--common factor 
weights and information shares--are similar, we only report  the regression results with dependent variables 
measured by the Hasbrouck's information shares (1995). 
 
19 The number of trades per 3-minute period is calculated for each day. Then, the daily means of the 
number of trades per 3-minute interval are used in computing the ratio of the number of floor trades to 
screen trades. 
 
20 Stephan and Whaley (1990) examine the relations between intraday price change and trading volume in 
the stock and stock options market. Their findings suggest that price discovery and trading activity are 
related.  
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Table1. Summary Statistics 
Bid-Ask Spread* 

  Japanese Yen British Pound Euro FX
  Floor Globex Floor Globex Floor Globex 
March 2003 Mean 21.21 18.56 23.11 18.62 20.46 17.62 
 Median 21.12 18.25 22.93 18.56 20.38 17.52 
 Std. Dev. 1.61 1.70 1.65 1.18 1.17 1.40 
 Max. 25 22.89 25.96 21.07 22.56 20.56 
 Min. 16.92 15.69 19.26 15.39 18.11 15.42 
June 2003 Mean 21.78 18.25 24.00 19.53 20.88 16.99 
 Median 21.71 18.25 23.98 19.52 21.01 16.70 
 Std. Dev. 1.41 1.22 1.87 1.72 1.36 1.29 
 Max. 25.75 22.37 28.23 26.49 24.53 21.57 
 Min. 18.89 15.75 20.00 16.82 18.40 14.73 
September 2003 Mean 21.27 17.88 24.71 19.33 21.14 15.95 
 Median 21.19 17.64 24.62 19.25 21.01 15.86 
 Std. Dev. 1.70 1.27 1.92 1.24 1.16 0.85 
 Max. 25.33 21.27 29.31 21.79 23.54 18.52 
 Min. 17.93 15.75 18.99 16.31 18.99 14.64 
December 2003 Mean 23.17 18.97 22.12 16.51 22.49 15.04 
 Median 23.07 19.05 21.57 15.72 22.17 15.02 
 Std. Dev. 2.12 1.17 2.76 3.08 1.84 0.81 
 Max. 33.21 21.59 29.83 26.16 30.56 17.51 
 Min. 19.47 16.41 17.89 11.98 19.51 13.54 
March 2004 Mean 22.41 17.51 21.36 13.86 23.49 14.44 
 Median 22.27 17.51 21.36 13.79 23.03 14.20 
 Std. Dev. 2.20 1.34 2.69 1.34 1.85 0.73 
 Max. 27.72 20.35 32.54 17.74 30.25 16.60 
 Min 16.46 14.53 17.10 10.91 20.13 13.44 
All contracts Mean 22.01 18.22 23.07 17.54 21.74 15.94 
 Median 21.85 18.17 23.01 18.25 21.59 15.77 
 Std. Dev. 1.97 1.42 2.56 2.87 1.88 1.54 
 Max. 33.21 22.89 32.54 26.49 30.56 21.58 
 Min 16.46 14.53 17.10 10.91 18.11 13.44 

       Note: * US Dollar per contract.  
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Table 2  Bid-Ask Spread Regression Results 
  BAS JYEN BASBPOUND BASEFX

Constant 
 

2.8314* 
(16.33) 

1.7336* 
(10.21) 

1.6566* 
(7.14) 

TVt 
 

-0.0572* 
(-5.57) 

-0.0533* 
(-3.51) 

-0.0254** 
(-2.62) 

IVt 
 

15.0481* 
(7.54) 

8.5743* 
(3.33) 

-0.0054 
(-0.10) 

BASt-1
 

0.2078 
(5.12) 

0.5514* 
(16.16) 

0.5347* 
(8.93) 

DGLOBEX
 

-0.0648* 
(-5.24) 

DTICK  
 

-0.1388* 
(-11.40) 

-0.0480** 
(-2.36) 

-0.1226* 
(-6.53) 

R2 0.64 0.72 0.85 
                                  Note: * (**)denote significance at 1 (5) % level  
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 Table 3.a Price Discovery in the Japanese Yen Futures 
Gonzalo and Granger’s Common Factor Weights 

 Floor Trading Price Globex Trading Price
Mean  0.6059 0.3941 
Median 0.6230 0.3770 
St. dev. 0.2019 0.2019 

Hasbrouck’s Information Shares 
 Floor Trading Price Globex Trading Price
 Min Max Midpoint Min Max Midpoint
Mean  0.3092 0.8410 0.5751 0.1590 0.6908 0.4249 
Median 0.2886 0.8816 0.5828 0.1184 0.7114 0.4172 
St. dev. 0.1978 0.1429 0.1544 0.1429 0.1978 0.1544 
Note: Statistics are based on a VEC model of futures estimated at a 30 second resolution. The model is 
estimated for each trading day in the sample (January 2, 2003 to March 5, 2004). The table presents 
summary statistics for daily estimates of price discovery measures. 

 
Table 3.b Price Discovery in the British Pound Futures 

Gonzalo and Granger’s Common Factor Weights 
 Floor Trading Price Globex Trading Price
Mean  0.5437 0.4563 
Median 0.5265 0.4735 
St. dev. 0.2079 0.2079 

Hasbrouck’s Information Shares 
 Floor Trading Price Globex Trading Price
 Min Max Midpoint Min Max Midpoint
Mean  0.2862 0.7818 0.5340 0.2182 0.7138 0.4660 
Median 0.2429 0.7903 0.5082 0.2097 0.7571 0.4918 
St. dev. 0.2151 0.1559 0.1727 0.1559 0.2151 0.1727 
Note: Statistics are based on a VEC model of futures estimated at a 30 second resolution. The model is 
estimated for each trading day in the sample (January 2, 2003 to March 5, 2004). The table presents 
summary statistics for daily estimates of price discovery measures. 
 

Table 3.c Price Discovery in the Euro FX Futures 
Gonzalo and Granger’s Common Factor Weights 

 Floor Trading Price Globex Trading Price
Mean  0.3145 0.6855 
Median 0.2630 0.7370 
St. dev.S 0.2388 0.2388 

Hasbrouck’s Information Shares 
 Floor Trading Price Globex Trading Price
 Min Max Midpoint Min Max Midpoint
Mean  0.0880 0.7044 0.3962 0.2956 0.9120 0.6038 
Median 0.0374 0.7460 0.3869 0.2540 0.9625 0.6131 
St. dev. 0.1511 0.2266 0.1599 0.2266 0.1511 0.1599 
Note: Statistics are based on a VEC model of futures estimated at a 30 second resolution. The model is 
estimated for each trading day in the sample (January 2, 2003 to March 5, 2004). The table presents 
summary statistics for daily estimates of price discovery measures. 
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Table 4  
Part A  

Price Discovery (Information Shares)  during High and Low Volatility Periods 
a. Japanese Yen Futures 

Full Sample 
(01/02/03-03/05/04) 

Japanese Yen-Floor Trading 
 Information Shares

Japanese Yen-GLOBEX 
Information Shares

Low Volatility Period 0.5568 0.4389 
Normal Period  0.5775  0.4199 
High Volatility Period 0.5753 0.4497 

b. British Pound Futures 
Full Sample 
(01/02/03-03/05/04) 

British Pound-Floor Trading 
 Information Shares

British Pound-GLOBEX 
Information Shares

Low Volatility Period  0.5348  0.4803 
Normal Period  0.5359  0. 4678 
High Volatility Period 0.5178  0.4371 

c. Euro FX Futures 
Full Sample 
(01/02/03-03/05/04) 

Euro FX-Floor Trading 
Information Shares

Euro FX-GLOBEX 
Information Shares

Low Volatility Period 0.3895 0.6723 
Normal Period 0.4079 0.6005 
High Volatility Period 0.3085 0. 5611 
 

Table 4  
Part B  

Price Discovery (Common Factor Weights) during High and Low Volatility Periods 
a. Japanese Yen Futures 

Full Sample 
(01/02/03-03/05/04) 

Japanese Yen-Floor Trading 
Common Factor Weights

Japanese Yen-GLOBEX 
Common Factor Weights

Low Volatility Period 0.5708 0.4331 
Normal Period 0. 6108 0.3827 
High Volatility Period 0. 6023 0.4453 

b. British Pound Futures 
Full Sample 
(01/02/03-03/05/04) 

British Pound- Floor Trading 
 Common factor Weights

British Pound-GLOBEX 
Common Factor Weights

Low Volatility Period 0.5437 0.4768 
Normal Period 0.5462  0.4561 
High Volatility Period 0. 5236 0.4363 

c. Euro FX Futures 
Full Sample 
(01/02/03-03/05/04) 

Euro FX- Floor Trading 
 Common Factor Weights

Euro FX-GLOBEX 
Common Factor Weights

Low Volatility Period 0.2944 0.7661 
Normal Period 0.3263 0.6842 
High Volatility Period 0.2402 0.6152 
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Table 5.  Determinants of the Contributions to Price Discovery 
 

Japanese Yen British Pound Euro FX
Regression HISFLOOR HISFLOOR HISFLOOR

Dependent Variable (1) (2) (3) (1) (2) (3) (1) (2) (3) 
Intercept 
 

0.4790* 
(8.28) 

0.4706* 
(8.01) 

0.5451*
(11.29) 

0.5132*
(8.41) 

0.3628*
(5.15) 

0.3548*
(5.52) 

0.5631* 
(7.12) 

0.5618*
(6.88) 

0.5203* 
(8.52) 

MS FLOOR  
 

0.3422* 
(3.41) 

0.2875** 
(2.19) 

 
--- 

0.2009
(1.59) 

-0.0388
(-0.28) 

 
--- 

-0.1281 
(-0.85) 

-0.1376
(-0.77)

 
--- 

RNTR 
 

 
--- 

0.0303 
(0.67) 

0.0942*
(2.69) 

 
--- 

0.2283*
(3.89) 

0.2208*
(4.24) 

 
--- 

0.0073
(0.09) 

-0.0271 
(-0.39) 

BASFLOOR-BASGLOBEX
 

-0.0141* 
(-2.77) 

-0.0126** 
(-2.27) 

-0.0125**
(-2.24) 

-0.0070
(-1.48)

-0.0047
(-1.01) 

-0.0045
(-0.97)

-0.0213* 
(-3.36) 

-0.0211*
(-3.07)

-0.0187*
(-3.06) 

Volatility 
 

-1.1663 
(-0.35) 

-0.9813 
(-0.29) 

-0.6582 
(-0.20) 

0.9208
(0.23) 

5.7875 
(1.44) 

5.6235
(1.41) 

-0.2663 
(-1.27) 

0.0073
(0.09) 

-0.2754 
(-1.31) 

D_ticksize  
 

   -0.0303
(-1.18)

0.0199 
(0.72) 

0.0213
(0.78) 

   

Notes: 
        1. The dependent variable is midpoint Hasbrouck’s information shares of floor trading. MSFLOOR is 
market share of floor trading futures. RNTR denotes relative trading frequency, which is daily averages of 
number of trades per 3-minute periods in floor trading relative to the daily average of number of trades 
per 3-minute periods in screen trading. BASFLOOR-BASGLOBEX denotes the difference between bid-ask 
spread of floor trading and bid-ask spread of electronic trading.  
        2. t-statistics values are given in parentheses. *,** denotes significance at 1 (5) % level.  
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Appendix 
Table A.1 

 
CME Contract Specifications for Japanese Yen, British Pound, and Euro FX Futures Contracts 

Contract Size 
 

Hours 
 

Months 
 

Tick Size 
 

Price Limits 
 

Japanese Yen (Open-outcry) 
12,500,000 Japanese Yen 
 

7:20 a.m. to 2:00 p.m. 
 

March, June, 
September, December 
 

$12.50/contract 
 

No price limits 
 

Japanese Yen (GLOBEX) 
12,500,000 Japanese Yen 
 

Monday through Friday 
4:30 p.m. to 4:00 p.m. 
the following day; on 
Sunday trading begins at 
5:30 p.m.   
 

March, June, 
September, December 
 

$12.50/contract 
 

No price limits 
 

British Pound (Open-outcry)* 

62,500 British Pound 
 

7:20 a.m. to 2:00 p.m. 
 

March, June, 
September, December 
 

$ 6.25/contract 
 

No price limits 
 

British Pound (GLOBEX)* 

Monday through Friday 
4:30 p.m. to 4:00 p.m. 
the following day; on 
Sunday trading begins at March, June, 

er $ 6.25/contract 
 

No price limits 
 

er $12.50/contract 
 

No price limits 
 

62,500 British Pound 
 

5:30 p.m.   
 

September, Decemb
 

Euro (Open-outcry) 
125,000 Euro 
 

7:20 a.m. to 2:00 p.m. 
 

March, June, 
September, Decemb
 

Euro (GLOBEX) 
125,000 Euro 
 

Monday through Friday 
4:30 p.m. to 4:00 p.m. 
the following day; on 
Sunday trading begins at 
5:30 p.m.   
 

March, June, 
September, Decemb
 

er $12.50/contract 
 

No price limits 
 

                    with GLOBEX  trading on  Sunday, 
        hat minimum tick size was $12.50. 

Note: *  Minimum tick size for British Pound contracts changed to $ 6.25 effective starting 
                         October 5, 2003, for the trade date of Monday, October 6, 2003. Before t
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Table A2.  Trade Size Frequency 

 
Japanese Yen British Pound Euro

Trade Size Floor Globex Floor Globex Floor Globex 
1 47.67 % 55.55 % 49.06 % 55.32 % 38.95 % 68.28 %  
2 18.31 % 17.32 % 17.06 % 15.15 % 20.28 % 12.66 % 
3 6.64 % 4.67 % 6.5 % 5.34 % 8.79 % 5.65 % 
4 3.43 % 2.99 % 3.96 % 3.6 % 4.5 % 2.53 % 
5 7.93 % 5.38 % 8.83 % 4.78 % 12.76 % 3.25 % 
6 1.28 % 1.17 % 1.38 % 1.29 % 1.6 % 0.68 % 
7 0.85 % 0.75 % 0.87 % 0.87 % 0.9 % 0.47 % 
8 0.79 % 0.83 % 0.87 % 1.29 % 1.08 % 0.61 % 
9 0.45 % 0.66 % 0.53 % 0.78 % 0.41 % 0.43 % 
10 4.69 % 2.24 % 4.15 % 2.72 % 5.86 % 1.14 % 
10 + 7.96 % 8.44 % 6.79 % 8.86 % 4.87 % 4.3 % 
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                                     Figure A.1 Trade Size Frequency 
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