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EFFICIENCY IN INFORMATION PROCESSING:
A STUDY OF NON-NEARBY CURRENCY
FUTURES AND RELATIONSHIPS WITH

NEARBY COUNTERPARTS

Kim Heng Chen™ and Li-Ming Han™

This paper provides a comprehensive analysis of the responses of non-nearby Japanese yen and
Deutsche mark futures contracts to macroeconomic announcements and the efficiency of
information flow between the nearby and non-nearby contracts. The results show that
macroeconomic announcements affect the non-nearby futures returns more through their effects
on interest rate differentials than through the underlying spot exchange rates. Information flows
efficiently between the Deutsche mark nearby and non-nearby contracts, while information flows
primarily from the Japanese yen nearby contracts to the non-nearby counterparts.

JEL classification: C32, G14.

Keywords: Nearby & Non-nearby Currency Futures Contracts, Macroeconomic Announcement;
Information & Liquidity Trading.

INTRODUCTION

The responsiveness of financial asset prices to information has long been used to characterize
market efficiency. The speed of price and volatility adjustment and risk-and-return relationships
all have been used to measure the “responsiveness.” The financial assets studied vary from
common stocks, bonds, to T-bond futures and foreign currency futures. These markets are shown
to incorporate information in short time periods, ranging from less than 30 minutes in foreign
currency futures markets to several hours in stock markets.!

To pinpoint the effect of information, many studies use financial instruments that are moved
mainly by public information as vehicles (e.g., T-bonds and financial futures) and scheduled
macroeconomic announcements as information shocks for their endeavors. Some conclude that
volatility patterns in foreign currency futures and T-bond futures are attributable to the concentration
of macroeconomic announcements on Thursdays and Fridays, e.g., Harvey and Huang (1991),
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Ederington and Lee (1993), and Leng (1996). Andersen and Bollerslev (1998) and Han et al.
(1999), however, conclude that macroeconomic announcements raise volatilities and help shape
volatility patterns of the Deutsche mark and currency futures (including the Deutsche mark futures),
but non-information factors such as trading motivated by portfolio rebalancing and microstructure
of the markets do play a dominant role in shaping volatilities of futures.

Several recent studies on non-equity instruments focus on the information effects on returns
and risk-return relationships. For the most part, announcement effects are incorporated into
returns in one minute to four hours (e.g., Balduzzi et al. (2001) and Hotchkiss and Ronen (2002)).
Jones et al. (1998) and Han and Ozocak (2002) find some risk/return tradeoffs in T-bonds and
foreign currency futures, respectively. Li and Engle (1998), however, find no statistically
significant risk premium for the higher volatility following the announcements.

Those studies on futures have uniformly used nearby contracts as instruments and have
yielded important results.? Nearby contracts are important for hedging and speculation and are
thus liquid. Non-nearby contracts, although less important in both functions, are natural
instruments for hedging for periods longer than three months. Furthermore, non-nearby futures
are important for some hedging and speculative strategies. The calendar spread, for example,
uses futures options with the same strike price but different expiration dates in opposite positions.
A trader may create a calendar spread by selling a call option on March futures with a certain
strike price and buying a call option on June futures with the same strike price, and vice versa.
At the expiration of the March contract, traders may trade their position forward by buying the
June contract and selling the September contract at expiration of the March contract. Although
most futures options trading does not involve the delivery of the underlying futures, the trading
of futures options tends to make the futures markets efficient.

The manner in which nearby contracts respond to information is well documented as briefed
above, but it is not so for non-nearby contracts. Our understanding of financial market efficiency
in information processing would be incomplete without the knowledge of how the less liquid
contracts incorporate new information and how the less liquid and the more liquid contracts
interact (perhaps with the aide of the trading of futures options) in search of new equilibriums.

This study attempts to fill that void by providing a comprehensive analysis of non-nearby
contracts’ responses to macroeconomic announcements and by examining the interactions of
nearby and non-nearby contracts. Non-nearby contracts differ from nearby contracts in two
main areas: less liquidity and longer maturity. Less liquidity makes it likely that returns on non-
nearby contracts include a liquidity premium as a component.®> A longer maturity suggests that
macroeconomic announcements can affect futures returns by way of their effect on interest rate
differential as well as on the underlying spot exchange rate. These can potentially cause non-
nearby contracts to process information differently from nearby contracts. Furthermore, it is
important to examine whether and to what extent that non-nearby contracts’ illiquidity hinders
the interaction of nearby and non-nearby markets.

This study modifies the interest rate parity relationship by incorporating the effects of
macroeconomic announcements on non-nearby futures returns through their effects on the
underlying spot exchange rate, interest rate differential, and liquidity premium. The futures on
the Deutsche mark and Japanese yen are chosen as the financial instruments because their non-
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nearby contracts are illiquid enough to differ from nearby contracts but liquid enough to complete
price adjustments within hours and also because they are thought to be moved mainly by public
information like macroeconomic announcements.

Although information or announcements made in Japan and Germany can also affect these
futures, it is not the intent of this study to examine non-nearby contracts’ response to all
information.* Instead, this study focuses on the seven indicators regularly announced at 7:30 am
CT: the consumer price index (CPI), durable goods order (DGO), non-farm payroll or employment
(EMP), gross domestic product (GDP), merchandise trade deficit (MTD), producer price index
(PPI), and retail sales (RTS).> Han and Ozocak (2002) show that nearby Japanese and Deutsche
mark contracts respond differently to indicators with different information content. This
differentiation is particularly important to the study of non-nearby contracts. The longer maturity
may make non-nearby contracts more responsive to indicators with high content of information
on inflation as Fleming and Remelona (1997) have found for T-bonds.

The results show that the announcement surprises affect non-nearby futures returns more
through their impact on interest rate differentials than through the underlying spot exchange
rates.® Both currency futures respond to the seven macroeconomic indicators examined here,
but in different patterns. For example, the Japanese yen shows most responses to the producer
price index and retail sales surprises, while the Deutsche mark shows most responses to the
merchandise trade deficit and consumer price index surprises.

Admati and Pfleiderer (1988) predict that liquidity premium may decline as liquidity traders
come into the market to seek the liquidity created by information traders.” This study finds that
the Deutsche mark exhibits a significant reduction in liquidity premium in the fifth trade, followed
by an immediate recovery to the pre-announcement level in the sixth trade, while the Japanese
yen shows no reduction in liquidity premium throughout the first 10 trades. These suggest that
the information-stimulated trading not be sufficient to reduce liquidity premium, but the
announcements do raise the volatilities. Similar to nearby contracts, the non-nearby contracts
show day-of-the-week effect in volatility even in the absence of the announcements.

This study examines the flow of information between the nearby and non-nearby contracts
by assessing the extent to which the non-nearby contracts move in the same direction as the
nearby contracts after observing the latter and vice versa, similar to the method used in Patell
and Wolfson (1984).% An advantage of this method is that it does not depend on any pricing
model and is therefore free of pricing specification errors.

Surprisingly, despite of the non-nearby contracts’ illiquidity, the Deutsch mark nearby and
non-nearby contracts exhibit feedback relationships in the first 13 trades of non-nearby contracts.
The announcements make the flow of information in both directions more pronounced only in
the first, second, third, and fifth trade on the announcement days. By contrast, the Japanese yen
shows no such announcement effect. Furthermore, the Japanese yen nearby contracts lead the
non-nearby contracts in all 13 trades examined here, as opposed to the feedback relationships
observed in the Deutsche mark futures. This suggests that information flows more efficiently
between the Deutsche mark nearby and non-nearby contracts than between the Japanese yen
contracts. The striking difference is perhaps due to the fact that the CME trading hours and
Japan’s normal business hours do not overlap.
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The remainder of this paper is organized as follows. The next section provides the statistical
description of the data on scheduled macroeconomic announcements, the methodology utilized
to form the return series, and the results of the regression of the response times on the
announcement surprises. The section after next describes the GARCH model and reports the
results. It is then followed by the section which studies the interactions (or lead-lag relationships)
of the nearby and non-nearby contracts. The last section concludes this study.

DATA, RETURN SERIES CONSTRUCTION, AND
PRELIMINARY RESULTS

The data on scheduled announcements of seven major macroeconomic indicators, namely,
the consumer price index (CPI), durable goods order (DGO), non-farm payroll or employment
(EMP), gross domestic product (GDP), merchandise trade deficit (MTD), producer price index
(PPI), and retail sales (RTS) for the period spanning from January 1992 to December 1997 are
obtained from Thomson Global Markets. These indicators are announced at 7:30 am Central
Time (CT) and are chosen based on their importance in previous research.’ The data set contains
the dates and times of the announcements, the minimum, maximum, and median forecast values,
and the actually announced values.

Table 1 shows the cross tabulation of the above macroeconomic announcements by indicators
and days of the week. Concurrent announcements on the same days are rare. The EMP
announcements are made exclusively on Thursdays and Fridays. The announcements of other
indicators such as CPI and RTS, are more evenly distributed across the week. On the whole, the
announcements concentrate more on the later part of the week.

As in Han and Ozocak (2002), we capture the macroeconomic announcement effects on
returns and volatilities with announcement surprises and announcement dummies, respectively.
To allow for comparisons across macroeconomic indicators, the announcement surprises are
calculated according to Balduzzi et al. ((2001), eq. 3):

Table 1
Distribution of Announcements
Announcement Mon Tue Wed Thu Fri Sum
Consumer Price Index (CPI) 1 17 21 15 20 74
Durable Goods Orders (DGO) 0 5 36 17 14 72
Employment (EMP) 0 0 0 2 70 72
Gross Domestic Product (GDP) 0 7 15 19 29 70
Merchandise Trade Deficit (MTD) 0 10 20 27 15 72
Producer Price Index (PPI) 0 14 10 23 26 73
Retail Sales (RTS) 1 20 10 25 18 74
Sum of Announcements 2 73 112 128 192 507
Number of Announcement Days 2 62 102 113 174 453

Notes: The above seven different macroeconomic announcements were made at 7:30 am (Central Time) during the
period ranging from January 2 1992 through December 31 1997. The sum of announcements refers to the total
number of announcements made on each trading day, while the number of announcement days refers to the
trading days when one or more announcements were made.
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surp, , =—"—"" (1)

where surp,, , denotes the standardized surprise of indicator m on day ¢ 4,, denotes the

announced value of indicator m on day #,G,,, denotes the median of the survey data from

Thomson Global Markets; o, denotes the standard deviation of the surprises (4, , — G, ) for

m,t
indicator m. Table 2 reports the summary statistics on announcement surprises. DGO and MTD
have the highest announcement surprises. Due to government shutdown from November 1995
to January 1996, not all macroeconomic indicators have the same numbers of announcements
during the sample period.

Table 2
Simple Statistics of Announcement Surprises
Announcement N Mean Median Std Dev Min Max
Consumer Price Index (CPI) 74 -0.0257 0.0000 0.1048 -0.3000 0.3000
Durable Goods Orders (DGO) 72 0.2610 0.6500 23314 -4.6000 6.9000
Employment (EMP) 72 -0.0431 0.0000 0.1591 -0.4000 0.4000
Gross Domestic Product (GDP) 70 0.0871 0.1000 0.7167 -4.1000 1.6000
Merchandise Trade Deficit (MTD) 72 0.0710 -0.3000 3.1220 -4.0000 20.3000
Producer Price Index (PPI) 73 -0.0781 -0.1000 0.2083 -0.6000 0.4000
Retail Sales (RTS) 74 -0.0581 -0.0500 0.4068 -1.1000 1.1000

Notes: The above announcement surprises are computed by taking the difference between the actual and predicted
values of the announcements.

Tick futures data on the Deutsche mark and Japanese yen for the same time period are
obtained from the Futures Industry Institute. The data encompass the time and price of every
trade involving a price change.

At any given time, three to four contracts for each currency futures are traded on the market.
This study uses two contracts to construct two price series. To construct the nearby price series,
the prices of the March 1992 contract, for example, are used for the price series running from
January 2, 1992 until the last trading day in February 1992 and then the prices of the June 1992
contract are used until the last trading day in May 1992. For the non-nearby price series, the
prices of the June 1992 contract are used from January 2, 1992 until the last trading day in
February 1992 and the prices of the September 1992 contract are used for the trading days of
March through May. The days to maturity for the nearby contracts range from 15 to 112 days
while those for the non-nearby contracts range from 105 to 204 days.

Previous studies using high-frequency data usually set a time interval, often one-minute or
five minute interval, for which the return is calculated. The interval return is then calculated as
the natural logarithm of the ratio of the last price in the current interval over the last price in the
previous interval. This method works fairly well for the nearby price series because nearby
contracts are extremely liquid and therefore the actual time spaces for the last-to-last returns do
not vary widely. This method, however, will create a large variability in the actual time space
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between the last-to-last prices for the non-nearby return series, no matter what time space is
chosen because the time space between any two trades for the non-nearby contracts varies widely.
Moreover, setting the time interval too short will create a large number of missing observations,
while setting the time interval too long will dilute any announcement effect there might be. A
solution to this problem is to create return series from a series of consecutive trades and then to
perform analyses with the time space in between controlled for. For example, the first return
series is created by taking the natural logarithm of the ratio of the transaction price immediately
after 7:30 am CT over the transaction price immediately before or upon 7:30 am. The second
return series is created by taking the natural logarithm of the ratio of the second over the first
price after 7:30 am.

Table 3 presents the simple statistics for the time space (also referred to as response time)
between two consecutive trades. The first response time averages 12.27 seconds for Deutsche
mark’s nearby contracts and 1,316 seconds (about 22 minutes) for non-nearby contracts on
announcement days. ' On non-announcement days, they are 26 seconds and 1,717.5 seconds,
respectively. Similar observations hold for the Japanese yen futures. The table not only contrasts
the liquidity of nearby and non-nearby contracts but also shows that the announcements reduce
response times by and large.

Admati and Pfleiderer (1988) show theoretically that, if there is at least one information
trader, information releases attract informed traders to the markets, creating liquidity that would
further bring in discretionary liquidity traders and thus raising the liquidity of the financial asset
in question. This explains why response times for both nearby and non-nearby contracts should
shorten on announcement days at least for the first few trades. Nonparametric Mann-Whitney
tests are used to test the significance of the announcement effect on the response times.!' The
announcements appear to have less effect on Japanese yen non-nearby contract’s response times.

The differences in the response times of the nearby contracts and non-nearby contracts strongly
suggest that the first trade of the non-nearby contracts be executed with the information implicit in
the trades of the nearby contracts occurring before it. It is also likely that the trades of the nearby
contracts take cues from the trades of non-nearby contracts. This is examined in a later section.

An immediate follow-up question is whether the reduction in response time is related to the
absolute values of surprises. The contention is that the larger the surprise, the higher the profit
potential for those who bet in the right direction (or the larger the loss for those who bet in the
wrong direction). Thus, traders are more likely either to realize the profit or to cut the loss
quickly when the surprise is large, leading to a reduction in response time. Regressions of response
times on the absolute values of surprises are performed for both currencies’ nearby and non-
nearby contracts. With a few exceptions, the response times and the absolute values of surprises
are negatively correlated but not statistically significant at the 5% level.'? This lack of statistical
significance is factored into our modeling of the return generating function presented in the next
section.

GARCH MODEL AND RESULTS

Previous studies have shown that nearby foreign currency futures contracts respond to
macroeconomic announcements very quickly both in return and volatility. Similar results could
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be expected for their non-nearby counterparts. As discussed in Introduction, on the one hand,
liquidity and maturity differentiate the two contracts. On the other hand, the efficiency of non-
nearby contracts is expected to be held in check by trading strategies involving futures options.
It is particularly interesting to examine whether and how the lower liquidity affect the non-
nearby contracts’ response to announcements. This section provides a comprehensive examination
of the non-nearby contracts’ responses in terms of returns and volatilities. The model specification
is based on the following considerations and is detailed in the Appendix.

It is well known that returns on foreign currencies and their derivatives exhibit
heteroscedasticity (e.g., Harvey and Huang (1991), Ederington and Lee (1993), Andersen and
Bollerslev (1997 & 1998), Christine-David and Chaudhry (1999), and Han et al. (1999)), which
can be controlled for with the use of ARCH/GARCH models. This study employs a GARCH
model to correct the heteroscedasticity and to examine average returns and volatilities
simultaneously. Han and Ozocak (2002) find that foreign currency futures’ returns and volatilities
have linear relationships with announcement surprises and announcement dummies, respectively.
This study follows their suit with a major modification by differentiating the surprises’ effects
on the spot exchange rate, interest rate differential between the domestic rate and foreign rate,
and liquidity premium.

As shown in eq. (A-1) in the Appendix, the derivation starts with the interest rate parity
specification of futures’ price with an additional term to capture liquidity premium. The
announcement effects on spot exchange rate and spot interest differential are assumed to be
linear to the announcement surprise with a constant term. This specification allows for the
possibility that, even in the absence of surprises, the spot exchange rate may change (eq. (A-6)).
Although the futures price is supposed to reflect the average expectation of the macroeconomic
indicator’s value before the announcement, it is likely that investors revise their view of the
indicator’s impact after the announcement even if there is no surprise. The specification for
interest rate differential (eq. (A-7)), on the other hand, assumes that interest rate differential will
stay constant in the absence of announcement surprises.

In addition, the announcement also affects the return through its effect on liquidity trading
and thus liquidity premium. With surprises being used to capture the effect of information,
announcement dummies are left as the only means to capture the announcement effects on
liquidity premium. Not to overburden the model, all macroeconomic indicators are assumed to
have the same effect on liquidity (and thus liquidity premium) as shown in eq. (A-8).

The insignificant relationships between the response times of the non-nearby contracts and
the absolute values of the surprises lead us to model the response times independent of the
announcement surprises. Substituting the component response equations (egs. (A-6), (A-7), and
(A-8)) into the expression of the non-nearby return, eq. (A-5), yields a return generating function
with only response time, time to maturity, announcement surprises, announcement dummy, and
their interaction terms as independent variables in the first-moment equation.

Under the assumption that the return and its variance in a unit of time are independent of
those in successive times, a 7-minute return should be 7 times the one-minute return and the 7-
minute variance should be 7" times the one-minute variance. Because all return series of the non-
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nearby contracts have varying time spaces, response time is controlled for in the second-moment
equations of the GARCH model.

Another set of variables in the second-moment equation is the day-of-the-week dummies.
Han et al. (1999) find day-of-the-week effects in volatilities of foreign currency futures on non-
announcement days. Han and Ozocak (2002) confirm day-of-the-week effects in volatilities but
find no such effects in returns on foreign currency futures, all with macroeconomic announcements
controlled for. This study therefore controls for day-of-the-week effects in the second-moment
equation but not in the first-moment equation.

The above considerations lead to the following model: "
7

7 7
R[,t = /ui +V/i]; + p[d[,t + KtDt + zdt,m (Surpm,t ) + ZT[,W (Surpm,l ! d[,t ) + z(pt,m (Surpm,t ' 7; ) + gi,t’ (2)

m=1 m=1 m=1

7 5
‘91',t z(l_'_zni,mANNm,t +Zﬂ'i,kD0VVk,tJTt> 3)
m=1 k=2
h, =+ aigiz,t—l + Bk, ., (4)

where R;, is the i log return at time ¢ calculated from the non-nearby price series. 7, denotes
the days to maturity on day . d ;. denotes the response time (or time space) for the i trade on
day 7. D, denotes the announcement dummy, which has the value of 1 if any of the seven indicators
is announced on day 7and 0 otherwise. ANN,, ; is a dummy variable for macroeconomic indicator
m, which has the value of 1 if indicator m is announced on day ¢ and 0 otherwise. DOW, ; is the
dummy for day & of the week. g;, = 121,/,2 &, is the i error term where &;, is a random variable

with conditional mean zero and conditional variance h,»,t , independent of ‘91',1‘ . The specification

of allows for the accounting of announcement, day-of-the-week, and days-to-maturity effects
on conditional variances. For example, if the coefficients for employment announcements and
Fridays are significant, then the conditional variance for the employment announcements on
Friday is . The Appendix has the details on the parameters and variables in the above equations.

The Simplex method is employed to find preliminary estimates, which subsequently serve
as the initial values for the maximum likelihood estimation with the BHHH (Berndt, Hall, Hall,
and Hausman) method. The results for the first five trades of the Deutsche mark non-nearby
return series are reported in Table 4 to provide perspectives on the magnitudes and significances
of the coefficients. To conserve space, the results for the Japanese yen non-nearby contracts are
not reported but are summarized in Table 5, along with the summary for the Deutsche mark
non-nearby contracts.'*
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Table 4
Estimation of Parameters in the GARCH Maodel for the Non-nearby Deutsche Mark Futures Contracts

I Return 2" Return 3 Return 4" Return 5" Return

Predictor Coefficient  Coefficient  Coefficient Coefficient — Coefficient
Intercept -0.03680 -0.01293 0.00893  -0.01041 -0.01990
Days to maturity (7)) 0.00033 0.00012 -0.00004 0.00008 0.00023
Response time (d,) -0.00013  -0.00024%** 0.00011  -0.00016* -0.00026**
Announcement Dummy (D) -0.00880 -0.00009 -0.00786 0.00320  -0.01572*
Consumer Price Index Surprise (CPIS) 0.09644 -1.40061 1.12173 -0.82719 -0.20178
Durable Goods Orders Surprise (DGOS) 0.04937 -0.04290 0.00668 -0.04207 -0.06830
Employment Surprise (EMPS) 1.22176 -1.02672 0.61538  -0.28431 -0.33820
Gross Domestic Product Surprise (GDPS) 0.12373 0.02633 -0.20280 0.15541 0.01444
Merchandise Trade Deficit Surprise (MTDS) 0.09354 0.00442 0.08494* -0.04376 -0.01697
Producer Price Index Surprise (PPIS) -1.89800%* 0.22356 0.09659 0.17831 -0.00659
Retail Sales Surprise (RTSS) -0.29778 -0.04220 -0.28704  -0.17735 0.05048
d,, x CPIS -0.00127 0.00396  0.01917**  -0.00169 0.00150
d, ,x DGOS 0.00072%* -0.00038 -0.00026 0.00005 -0.00069
d,,it x EMPS -0.00034 0.01266* 0.00267  -0.00485  -0.00991*
d, x GDPS 0.00419 0.00083 0.00143 0.00153 0.00181
d  x MTDS 0.00058 0.00006 0.00093*  -0.00048* 0.00015
d,, x PPIS -0.00178 0.00226 -0.00180  -0.00335 0.00229
d,, x RTSS -0.00134 -0.00015  -0.00547*%* 0.00020 0.00064
T x CPIS -0.00031 0.00778 -0.00827 0.00675 0.00291
T,x DGOS -0.00058 0.00031 -0.00012 0.00036 0.00056
T,x EMPS -0.00478 0.00559 -0.00362 0.00256 0.00229
T,x GDPS -0.00154 -0.00019 0.00176  -0.00130 -0.00018
T, x MTDS -0.00081 -0.00002  -0.00074* 0.00034 0.00018
T x PPIS 0.01329%* -0.00254 -0.00091 -0.00087 -0.00020
T x RTSS 0.00209 -0.00037 0.00234 0.00082 -0.00034
Second-Moment Equations
Consumer Price Index (ANN, ) -0.36442%*  -0.14127 0.00291 -0.24028  -0.49243*
Durable Goods Orders (ANN, ) 0.06421 0.05826  0.66329* 0.07995  -0.00709
Employment (ANN, ) 2.26492%*  225416%*  1.52237*%*  1.14439%*% 1.43570%*
Gross Domestic Product (ANN, ) 0.00050  0.64164* 2.50052%* 0.39869 1.48710**
Merchandise Trade Deficit (ANN; ) 0.02653  1.19559** 0.04981  0.94518** 0.92079**
Producer Price Index (ANN, ) 0.51345% 023212 1.97002%* 0.18840  -0.00022
Retail Sales (4NN ) -0.31085* 0.06963 -0.11080 -0.89899%%* 0.53552
Tuesday Dummy (DOW, ) -0.01302  -0.07005  0.52196**  1.25651** (0.50794**
Wednesday Dummy (DOW, ) 0.82713%%* 0.01634 0.80238** 0.81203** 0.63854**
Thursday Dummy (DOW, ) 0.61566**  0.25161**  0.68614** 1.51615%* 1.55312%*
Friday Dummy (DOW, ) -0.04695  0.20010*  0.40015* 0.68183** (0.52155%*
ARCHO () 0.00004**  0.00008**  0.00001** 0.00001** 0.00001**
ARCHI () 0.00035%%* 0.00001  0.00013**  0.00020%** 0.00006
GARCHI () 0.00284*%* 0.00026  0.00279**  0.00213** 0.00262**

Notes: ** denotes significant at the 1% significance level and * denotes significant at the 5% significance level.
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The intercept term (p,) in equation (2) is the sum of the constant term from the spot exchange
rate’s response equation (y,) and the constant term from the liquidity premium’s response equation
(7)) The test of .= 0 is a test of the stability of spot exchange rate plus liquidity premium in the
absence of announcement surprises. Row 1 of Table 5 shows that . is statistically zero for the
first 10 return series for both currencies. A sufficient condition for p,= 0 is that both the spot
exchange rate and the liquidity premium do not change in the absence of announcement surprises.
While it is possible that both spot exchange rate and liquidity premium can be non-zero over a
long period of time in the absence of announcement surprises, it seems to be reasonable to
assume that they are zero in such a short time space.

The regression coefficient of the days-to-maturity variable, y, represents the difference
between the constant term from the interest rate differential equation (¢,) in eq. (A-7) and the
interest rate differential (r,, ) implicit in the return from the previous trade. Row 2 of Table 5
shows that only the seventh return series of the non-nearby Japanese yen futures has a significantly
positive coefficient. That is, according to the model, the interest rate differentials implicit in the
return series are not different from one trade to the next in the absence of surprises. In other
words, the implied interest rate differentials are stable during the day.

The model also says that the regression coefficient of the time space between two consecutive
trades, p, is equal to the negative value of the average non-announcement interest rate differential
for return series 7, ¢,. The empirical results reported in Table 4 and summarized in row 3 of
Table 5 show that they are either statistically zero or negative. For example, they are negatively
significant for the first two returns for the Japanese yen and for the 2™, 4 5% “and 10" returns
for the Deutsche mark. That is, the interest rate differentials (the domestic rate minus the foreign
rate) implicit in the non-nearby returns are either zero or positive.

The regression coefficient of the announcement dummy variable, «,, captures the change in
liquidity premium due to the announcements. The liquidity premium implicit in the non-nearby
futures return is expected to decline as both information and liquidity trading increases following
an announcement. After the information and liquidity motivated trading subsides, the liquidity
premium is expected to rebound. As to how soon the liquidity premium declines and for how
long the decline lasts before rebounding, these are empirical issues. The results for the Deutsche
mark futures are in Table 4, and the summary for both currencies is in row 4 of Table 5. They
show that the liquidity premium for the Deutsche mark futures reduces in the fifth trade and
rebounds to the normal level in the next trade and that liquidity premiums for the Japanese yen
futures remain unchanged throughout the first 10 trades. These results suggest that the
announcements fail to enhance non-nearby contracts’ liquidity sufficiently to reduce liquidity
premium, even though the announcements raise volatilities significantly as reported below.'s

The coefficient for the surprise variable (5, ) measures the impact of the announcement
surprises on the spot exchange rate (eq. (A-6)). As shown in Table 5, the Japanese yen futures
show at least one statistically significant coefficient to each of the seven macroeconomic
indicators. The Japanese yen futures respond to the MTD surprises in the first trade after the
announcements; they respond to CPI, PPI, and RTS surprises in the third trade; they respond to
the EMP surprises, DGO surprises, and GDP surprises in the 6" trade, 9™ trade, and 10™ trade,
respectively. The third trade seems to be where the returns show the most significant responses
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(i.e., in response to the surprises of CPI, PPI, and RTS). The market’s initial responses to the
CPI, MTD, and PPI surprises are consistent with the predicted signs. For example, positive CPI
and PPI surprises suggest higher U.S. inflation rates and thus a weakening U.S. dollar, leading
to positive coefficients. The market’s initial responses to the DGO, GDP, and EMP surprises
can be either positive or negative. Take EMP for example. A positive surprise suggests a stronger
economy, which may lead to a stronger U.S. dollar or a higher inflation rate (and thus a weaker
dollar). Despite the mixed results, it is clear that the announcement surprises affect the Japanese
yen non-nearby returns through their effects on the underlying spot exchange rate.

Rows 5 through 11 under panel A of Table 5 summarize the signs and significances of the
coefficients for the surprise variables for the Deutsche mark futures. The coefficients are
statistically significant for the 1* trade after the PPT announcements and for the 3™ and 9% trades
after the MTD announcements. The Deutsche mark futures’ initial response to the MTD surprises
is positive and consistent with prediction, while their initial response to the PPI surprises is
opposite to the predicted sign. The most conspicuous result here is how little impact the
announcement surprises have on the spot exchange rate implicit in the Deutsche mark non-
nearby contracts.

Announcement surprises affect futures returns also by way of their effects on interest rate
differentials. Eq. (A-9) in the Appendix shows that the interaction term of surprise and response
time and the interaction term of surprise and days to maturity capture those effects. The former
in particular captures the part of the futures return that comes from the change in interest rate
differential during the response time. Rows 12 through 18 of Table 5 show that, in this regard,
the CPI and MTD surprises are most important to the Deutsche mark futures and PPI and RTS
most important to the Japanese yen. These results are not surprising because all those indicators
are clear indicators of inflation. Furthermore, the third trade has the largest number (three) of
significant coefficients, suggesting that information trading be most active in the 3™ trade. The
coefficients (¢, ) for CPIL, PPI, and RTS are expected to be negative for the first return series
because a posiﬁve surprise indicates a higher inflation rate and thus a higher interest rate
differential, making ¢, positiveandt, =-—¢  negative. Table 4 shows that the coefficients for
the interaction terms of CPI, PPI, and RTS are negative, though not significant, for the first
series of the Deutsche mark. The signs for the subsequent return series, however, cannot be
predicted because they may reverse as a result of correction for overshooting in either direction.'®

The coefficients for the interaction terms of days to maturity and surprises estimate whether
and how the impact of the announcement surprises on interest rate differentials vary with days
to maturity (ranging from 105 to 204 days for the sample). For a given amount of surprise, the
interest rate parity relationship suggests that, the longer the days to maturity, the larger the
impact. In other words, the coefficient, ¢, , should be positive if the interest rate differentials
respond to the surprises positively and vice versa.

The empirical results here are mixed. For Deutsche mark’s first return series, 7, x PPIS and
T x RTSS have the predicted sign, but only the former is statistically significant. The Japanese
yen futures have more significant coefficients. The coefficient for 7,.x MTDS is the only significant
coefficient for the first return and is negative. The relationship between MTD and inflation is
not straightforward. The result here suggests that MTD and inflation have a negative relationship
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for the sample period. For the third return series, the coefficients for 7, x GDPS and 7, x RTSS
are significantly positive and that for 7, x PPIS is significantly negative. The signs are hard to
interpret because of correction of overshooting in either direction over time.

The above results point to two observations. First, the days to maturity affect the two currency
futures’ responses to the macroeconomic announcements and should be controlled for in a study
where the futures’ days to maturity are not short. Second, the results show that macroeconomic
announcements affect the futures returns by way of their effect on spot exchange rates as well as
their effect on interest rate differentials. If the number of significant coefficients is a good
indication, their effect on interest rate differential is more significant than their effect on the
underlying spot exchange rates.

The results for the second-moment equations (egs. (4) and (5)) are far more uniform for
both currency futures. Rows 26 through 39 of Table 5 show that the majority of the announcement
dummies in the second-moment equation are significant throughout the ten return series for
both currency futures, indicating that the macroeconomic announcements increase volatilities
for both. Nevertheless, volatility stays unchanged in the first trade of the Deutsche mark after
the announcements of DGO, GDP, and MTD, unlike their nearby counterparts and other futures
whose responses to macroeconomic announcements immediately show in volatility. The
coefficients of the day-of-the-week dummies are also mostly significant, indicating that volatilities
are generally higher on Tuesdays through Fridays than on Mondays, even in the absence of the
announcements. These results are consistent with those of Han et al. (1999) and Han and Ozocak
(2002).

The observation that the volatilities increase immediately in most cases and that the returns
respond in later trades suggests that liquidity trading may have accelerated sooner than information
trading. Last but not least, the significant ARCH/GARCH coefficients throughout the first 10
returns indicate statistically significant volatility persistence.

LEAD-LAG RELATIONSHIP BETWEEN NEARBY AND
NON-NEARBY CONTRACTS

A major objective of this study is to examine the flow of information between the nearby
and non-nearby contracts. The Granger causality test (1969) and its variations are often used for
such purposes. Unfortunately, they cannot be employed here because of the wide-varying time
spaces between two consecutive trades for non-nearby contracts as explained previously. A new
method is devised here based on the unique characteristics of futures trading. The futures are
traded on the Chicago Mercantile Exchange (CME) without designated market makers. Scalpers
function as if they were market makers on a voluntary basis. They, along with other traders in
the pits, observe trading dynamics (e.g., buy and sell orders, quantities, and contracts) and attempt
to make profits by exploiting these observations. Therefore, it is reasonable to assume that those
who intend to trade non-nearby contracts, for example, are able to do so with their observations
of the nearby markets, and vice versa.

A simple way to capture this spirit is to examine whether the price movements of nearby
contracts are informative about the price movements of non-nearby contracts, and vice versa. If
the nearby contracts move upward more frequently than downward and if traders in the non-
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nearby markets take that cue from the nearby markets, the next move for the non-nearby contracts
would more likely be upward. When this is true, the nearby contracts are considered leading the
non-nearby contracts. Otherwise, the nearby contracts and non-nearby contracts are considered
having no lead-lag relationship. If the non-nearby contracts move up and the nearby contracts
move up more than down within the time space before the next trade of the non-nearby contract,
then the non-nearby contract is considered leading the nearby contracts. Otherwise, the non-
nearby contracts are considered having no lead-lag relationship. This method is not original. It
is similar to the method employed by Patell and Wolfson (1984) in testing the effect of dividends
and earnings announcements on common stocks. As they explain, the method is free from
problems arising from asset pricing misspecification. The method devised here is not a traditional
Granger causality method, but it follows Granger’s underlying principle. That is, variable X is
considered leading variable Y, if the lags of X have explanatory power of Y.

The methodology described above is implemented as follows. Take the first non-nearby
return series for example. For each day, first count the numbers of the nearby returns that are
positive and negative, respectively, within the time space for the first non-nearby return.'” The
number of the nearby returns with positive signs can be larger than, equal to, or smaller than that
with negative signs on day 1. If the positive nearby returns outnumber the negative nearby
returns, day 1 is counted as a “positive” day. If the first non-nearby return on day 1 is also
positive, then the nearby return is said to lead the non-nearby return. The same can be said about
day 1 if both the nearby return and non-nearby return are negative. In any other cases, nearby is
said not to lead non-nearby. Second, count the number of days where nearby is considered
leading non-nearby and take its proportion relative to the total number of days in the sample.
Repeat the process for the subsequent return series in the sample. Note that this method treats
each “positive” (or negative) day equally without assigning more weights to the days with larger
positive or negative numbers. This is because any weighting scheme can inject biases that are
unknown to us and not discussed in the literature. Perhaps for the same reason, Patell and Wolfson
(1984) did not use any weighting scheme either.

The results are reported in Tables 6 and 7. By using the number of trades for the nearby
contracts between two consecutive non-nearby trades, the methodology assumes that those who
trade non-nearby contracts know exactly when the next price change would occur. In reality, it
is of course not possible. Therefore, the results here are ex post in nature and thus cannot be used
for prediction purposes.

Similar procedures are applied to examining whether the price movements of the non-nearby
contracts are informative about the price movements of the nearby contracts. For example, on
day 1, upon observing the sign of the first non-nearby return, we count the numbers of nearby
returns that are positive and negative, respectively, before the occurrence of the next non-nearby
trade. If the first non-nearby return is positive and there are more positive nearby returns than
their negative counterpart before the third non-nearby trade, day 1 is counted as a “positive”
day. The same can be said about day 1 if both the non-nearby return and the dominating sign of
the nearby returns are negative. Otherwise, non-nearby is said not to lead nearby. The number of
days where non-nearby is considered leading nearby is tallied and its proportion relative to the
total number of days in the sample is taken. The process is then repeated for the subsequent
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return series in the sample. For ease of explanation, the hypothesis tests are formally stated as
follows:

Hypothesis testing / (A): Announcements do not change the percentage of the days in
which nearby contracts are considered leading non-nearby
contracts.

Hypothesis testing //(B): Announcements do not change the percentage of the days in
which non-nearby contracts are considered leading nearby
contracts.

Hypothesis testing / (C): The percentage of the days in which nearby contracts are
considered leading non-nearby contracts is equal to that in which
non-nearby contracts are considered leading nearby contracts.

The results for all returns pooled together are presented in panel A of Tables 6 and 7. Panel
A of Table 6 shows that the Deutsche mark nearby contracts are considered leading the non-
nearby contracts on 69.53% of the announcement days and on 68.87% of the non-announcement
days. The two percentages are not statistically different at the 5% significance level. This suggests
that the announcements do not affect the lead of the nearby contracts over the non-nearby
contracts. Panel A of Table 6 also shows that the non-nearby contracts are considered leading
the nearby contracts on 68.88% of the announcement days and 68.21% of the non-announcement
days, and they are not statistically different. That is, the announcements do not affect the lead of
the non-nearby contracts over the nearby contracts. Pooling the announcement days and non-
announcement days together, the nearby contracts lead the non-nearby contracts on 69.08% of
all days in the sample, and the non-nearby contracts lead the nearby contracts on 68.21% of all
days. The two percentages are statistically different, suggesting that information flows more
from the nearby contracts to the non-nearby contracts than the reverse. The corresponding
percentages for the Japanese yen futures, shown in Panel A of Table 7, lead to the same conclusion.
However, the percentages for the non-nearby contracts to lead the nearby contracts are far smaller,
31.97% on announcement days and 44.27% days on non-announcement days than those for the
nearby contracts to lead the non-nearby contracts.

Since the above counting process pools all return series, there might be some aggregation
effects. We repeat the above counting process and test the same hypotheses for each of the first
13 return series. The results for the Deutsche mark and Japanese yen futures are presented in
panels B through H of Tables 6 and 7, respectively.

Panels B through N of Table 6 show that, for the Deutsche mark futures, the announcements
affect the lead of the nearby contracts over the non-nearby contracts for return series 1, 2, 3, and
5. The announcements affect the lead of the non-nearby contracts over the nearby contracts for
return series 1, 2, and 5. And hypothesis C cannot be rejected for return series 1 through 13. That
is, the likelihood for the nearby contracts to lead the non-nearby contracts is statistically no
different from that for the reverse for all 13 return series when the announcement and non-
announcement days are pooled together. The percentages of the leads in either direction range
from 62% to 75%. This suggests that the two types of contracts have strong feedback relationships
whether there are announcements or not.
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The results for the Japanese yen futures, shown in Panels B through N of Table 7, are
strikingly different. Hypothesis A cannot be rejected for return series 1 through 13, indicating
that the announcements do not affect the nearby contracts’ lead of the non-nearby contracts.
Neither can hypothesis B be rejected for all 13 return series. That is, the announcements do not
affect the lead of the non-nearby contracts over the nearby contracts. Hypothesis C is rejected
for the first 13 return series, indicating that the Japanese yen nearby contracts lead the non-
nearby contracts for all 13 returns series on more days (65% - 75% of days) than the reverse (40-
48% of days).

It is rather surprising that Deutsche mark’s nearby and non-nearby contracts show strong
feedback relationships. This suggests that, even with the illiquidity of the non-nearby contracts,
both markets process information shocks from the announcements and from each other equally
efficient. For the Japanese yen, information appears to flow primarily from the nearby contracts
to the non-nearby contracts, although the non-nearby contracts still lead the nearby contracts on
over 40% of the days. In comparison, the information flow between the nearby and non-nearby
Japanese yen futures markets seem to be less spontaneous than the Deutsche mark futures markets.
The flow of information may be hindered by the fact that the CME trading hours do not overlap
with Japan’s normal business hours.

CONCLUDING REMARKS

All previous studies examine how futures process macroeconomic announcements using
nearby contracts as a way to understand financial markets’ efficiency in information processing.
This study adds to the literature with the examination of how non-nearby currency futures (the
less liquid assets) respond to macroeconomic announcements and how they interact with their
nearby counterparts. Although not as widely used as nearby futures, non-nearby futures are
important for some hedging and speculative strategies involving futures options and are likely
to be made more efficient as a result. Their efficiency in information processing and interaction
with nearby contracts are important to our understanding of financial markets’ processing of
public information.

The return on a non-nearby contract is supposed to comprise risk-free rate, risk premium,
and liquidity premium. The shock from a macroeconomic announcement is therefore expected
to affect these three components. The two futures’ responses to macroeconomic announcements
differ by indicator (e.g., the Japanese yen futures are most responsive to PPI while the Deutsche
mark futures most responsive to MTD). More important, the returns are driven more by the
macroeconomic announcements’ effects on interest rate differentials than on the underlying
spot exchange rates. As to liquidity premium, only the non-nearby Deutsche mark futures show
a significant reduction in the 5" trade which is followed by an immediate recovery to the pre-
announcement level in the 6™ trade. This is perhaps why the feed-back relationship between the
nearby and non-nearby Deutsche mark contracts is enhanced in the 5* trade by the announcements.

The interactions of the nearby contracts and non-nearby contracts are examined using the
frequency of price continuation and the frequency of price reversal, similar to the method
employed by Patell and Wolfson (1984). The interpretation of the results is based on Granger’s
concept of lead-lag. The Deutsche mark non-nearby contracts exhibit strong feedback relationships
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with the nearby contracts in the first 13 trades on 65%-75% of the days in the sample. The
macroeconomic announcements enhance the lead of the nearby futures in the 1%, 274, 34 and 5%
trade, while they enhance the lead of the non-nearby contracts over the nearby contracts in the
1%, 2", and 5" trade. By contrast, information flows predominantly from Japanese yen’s nearby
contracts to the non-nearby contracts, and the announcements change neither the lead of the
nearby contracts over the non-nearby contracts nor the reverse. The lag in response does not
seem to stop the Japanese yen non-nearby contracts from adjusting to information shocks as
briefed above. On the whole, the results suggest the foreign currency futures markets to be fairly
efficient.

APPENDIX

Derivation of Returns on Currency Futures

According to the interest rate parity relationship, the futures price at time 0 is expressed as
follows:

Jo=s,exp (r, ), (A-1)
where  f; denotes the futures price at time 0;
s, denotes the spot price at time 0;
r, denotes the difference between the domestic and foreign interest rate at time 0;
T denotes the days to maturity.
Adding liquidity premium to equation (A-1) yields
Jo=s,exp (r,T+1), (A-2)
where [ denotes the liquidity premium at time 0. Taking the natural logarithm of equation (A-2)
and defining the difference of the domestic and foreign risk-free rates as interest rate differential
gives
F,=S,+rT+1, (A-3)
where  F denotes the natural logarithm of the futures price at time 0, i.e., F|; = In (f));

S, denotes the natural logarithm of the spot price at time 0, i.e., S, = In (s).

Let d denote the time space between any two consecutive trades and expression (A-3) can be
rewritten as
F,=8+r (T-d)*1l, (A-4)

To denote intraday returns, more subscripts are added for clarity. The i return on day ¢ is
computed by taking the difference between the natural logarithm of the i futures price on day ¢
and that of the (i-1)™ futures price on day ¢, i.e.,

Ri,t = Fi,t - Fi—l,t = (Si,t - Si—l,t) + [ri,t (Tt - di,t) - ri—l,t (Tt)] + (li,t - 1i—1,t)’ i= 1’2"" (A_S)

where R, denotes the i* return on day

F,, denotes the natural logarithm of the i™ futures price on day ¢,
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S,, denotes the natural logarithm of the i spot price on day
r,, denotes the /" interest rate differential on day 7

T, denotes the days to maturity on day £

d,, denotes the time span between i and (i-1)" trades on day f;
[, denotes the i liquidity premium on day ¢.

As mentioned in the section on GARCH Model and Results, Han and Ozocak (2002) find
that foreign currency futures’ returns and volatilities have linear relationships with announcement
surprises and announcement dummies, respectively. Thus, the i spot return is formulated as a
linear function of announcement surprises with a constant term:

]
(S, =S 1) =% + 2.8, (surp, ) +&,,, (A-6)

m=1
where y, and §, denote the i parameters;
surp  denotes the m™ announcement surprise for m =1,2,..., 7;
rth 3 o = ~2
€, denotes the /" random error on day 7 with mean E(§, ), variance V(§, ) = Sp and

Cov(éi,z"&aj,t): 0Viji#].

The ™ interest rate is also formulated as a linear function of announcement surprises with a
constant term:

]
o=+ 2.0, (sup,, )+, (A7)

m=1

where ¢ and ¢, denote the i parameters;
¢,, denotes the i random error on day # with mean E(C, ) = 0, variance
ne,) = Gé ;and Cov(C,, €, ) =0V i, j,i#}].
The change in liquidity premium is specified as a linear function of the announcement
dummy for reasons explained in the section on GARCH Model and Results.

(b, =1l.,)=y,+xD, +v,,, (A-8)
where vy, and x, denote the i parameters;
D, denotes the announcement dummy on day 7 i.e.,
D= 1 if there is an announcement on any of the seven indicators studied here;
l 0 otherwise.
v, denotes the /" random error on day # with mean E(v,,) =0, variance (v, ) = o’ ,and

Cov (v,,0,) =0V i,j,i+#].

i
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Substituting expressions (A-6), (A-7), and (A-8) into (A-5), we have

7 7
R, =x+ Z Oim (S””Pm,t ) + {{ﬁ + Z @i m (Surpm,t ):|(7; —d;, ) =Y (Tt )} +7, KD+,
m=1

m=1

7 7 7
=4t (¢z =Y )7; - ¢idi,t +x.D, + Z@m (surpm,t ) - Z(Dzm (surpm’, ’ di,t ) + Z¢i,m (surpm,, ’ Tt)+ Sit

m=1 m=1 m=1

7 7 7
= +y 1+ pidi,t +x;D, + Zé‘tm (S”me,x ) + z Tim (Surpm,t 'di,t ) + Z(Pi,m (S”me,t T, ) +Giss

m=1 m=1 m=1
(A-9)
where  u; =y +7;;
W=t~
pi==¢:
Tim = Pims
Sis =&, t¢;, TU;, denotes the i error on day ¢ described by a process;
Cov(rfl.,,,g,, ) =0, Cov(rfi,, Ui, ) =0, and Cov({i,, WU, ) =0,
Si =9 1 (A-10)

where is a random variable with conditional mean zero and conditional variance /, , independent
of 4 ,;

it

7 5
G, = (1 +>.7;,,ANN,, , + Z/L,kDOWk,t]T“ (A-11)
k=2

m=1
where 7. and A, denote the /" parameters;
ANN,  denotes the m™ type of announcements for m = 1,2,..., 7;

DOW,  denotes the k™ day of the week (day-of-the-week effects) for k= 2,..., 5;
h, =+ ai‘gft—l + Bk, (A-12)

where  ® >0, o, >0, and B, > 0 denote the i parameters;

&, and & denote the 1* lags of the random variable ¢ and its conditional variance
h, , respectively.
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NOTES

Some previous studies focus on the speed at which a financial market processes information: Patell
and Wolfson (1984) and Jennings and Starks (1985) for equity markets, Balduzzi et al. (2001) and
Fleming and Remelona (1999) for Treasury securities, Hotchkiss and Ronen (2002) for corporate
bonds, Ederington and Lee (1993) for futures on Eurodollars, and Han and Ozocak (2002) for foreign
currency futures.

Nearby contracts are contracts whose maturity is shortest among all contracts traded in the market at
any given time except in their maturing months. Non-nearby contracts, referred to here, are contracts
with the second shortest maturity among all contracts traded in the market except in their maturing
months. Details are provided in the next section. The corresponding terms used by traders are front
month contracts and back month contracts, respectively.

Liquidity premium is the extra return that an investor requires for holding an illiquid asset. The
return specification is detailed in the Appendix.

Many previous studies, e.g., Ederington and Lee (1993) and Leng (1996), also choose to focus on
announcements made in the U.S.

These indicators are shown in previous studies, cited in footnote 4, to be important to foreign currency
futures.

An announcement surprise is the standardized difference between the actually announced value and
the median of surveyed values. The detailed measure is presented in the next section.

Liquidity traders are those who trade for reasons other than information. Trading to rebalance a
portfolio is an example of liquidity trading.

The commonly used Granger causality test (1969) is not employed here because of the illiquidity of
non-nearby contracts. The details are in the “Lead-Lag Relationship between Nearby and Non-nearby
Contracts” section.

Harvey and Huang (1991), Ederington and Lee (1993), Leng (1996), and Han et al. (1999) use
approximately the same set of macroeconomic indicators.

The first response time is the time space between the trade immediately before or upon the
announcement and the one immediately after the announcement.

This nonparametric test for comparing population locations is utilized rather than the parametric
two-sample #-test for comparing population means because the distribution of response times are
heavily skewed to the right, which violates the required condition of normality in the two-sample -
test.

Because of the lack of significance, the regression results are not reported to save space. They are
available from the authors upon request.

See the Appendix for details on the derivation of equations (2), (3), and (4). Also, Surp,, , T, in

equation (2) and AN mt -7, in equation (3) appear correlated, but their correlation coefficient is
less than 10%.

The detailed regression results are available upon request.

Trading volume data (an indication of liquidity) are not available to the general public.

Imposition of constraints on the coefficients is avoided as it will complicate the (non-linear) estimation
process and even leads to non convergence on the coefficients. Our choice places more emphasis on
obtaining converged estimates of the coefficients.
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17. As explained in the Data, Return Series Construction, and Preliminary Results section, returns are
non-zero by the construction of the data series — a transaction price is recorded only when it differs
from the previous one.
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