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INTRODUCTION

This article explores how spot and futures interest and exchange rates
adjust to scheduled macroeconomic announcements. Ederington and
Lee (1993) examined the impact of news releases on interest and
exchange rate futures prices and found that several announcements,
such as the employment report, the PPl, and the CPI, are responsible for
most of the observed time-of-day and day-of-the-week volatility patterns.

This article can be considered an extension of Ederington and Lee
(1993) (hereafter referred to as E&L) because it examines how spot
prices react to news releases in comparison to futures prices. However,
the use of the spot market data allows this study to address several issues
that E&L could not. Specifically, it is hypothesized that futures prices
should react more quickly than spot prices to an economic announce-
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ment because of the liquidity and ease of trading in the futures market
which can be attributed to differences in tbe microstructure of tbe spot
and futures markets, wbicb is manifested as an increase in volatility
following an announcement. Tbe article investigates volatility patterns
and tbe individual impact of announcements. In addition, tbe article
explores tbe Granger (1969, 1980) causal relationsbip between tbe
spot and futures markets. Cumulative returns adjusted to informational
content are analyzed also and reported to furtber tbe understanding of
tbe market's response to economic announcements.

Tbis article examines tbe impact of 19 montbly announcements on
tbe Eurodollar and deutscbe mark spot and futures markets using bourly
price data.' Tbese markets represent tbe most beavily traded sbort-term
interest rate market and foreign exchange rate market in tbe U.S. Tbe
issue oi spot price adjustment to new information in tbese markets bas
received scant attention. Tborougb examinations bave been conducted
for tbe futures market, as in E&L. Specifically, tbe volatility patterns
on announcement days of tbe spot and futures markets are compared.
Tbe article focuses on bow long bigber tban normal volatility persists
witbin tbe announcement day and tests wbetber there is any lead—lag
relationsbip between tbe spot and futures volatilities on announcement
days. Tbe impact on futures prices of tbe individual announcements is
contrasted witb tbe impact on spot prices. Finally, tbe market efficiency
issue is addressed for botb spot and futures markets.

DATA

Economic Announcements

This article considers tbe 19 macroeconomic announcements listed in
tbe Appendix. Tbese are tbe announcements wbose upcoming release
is regularly reported in "Tbe Week Abead" section of Business Week,
As sbown in tbe Appendix, tbere are nine 8:30 AM (Eastern Time), two^
9:15 AM, six 10:00 AM announcements and one 2:00 PM announcement.
Only one announcement, installment credit, is not released at a fixed
time. During tbe sample period—from September 24, 1990, tbrougb
June 30, 1993—industrial production and capacity utilization were
always released on tbe same day, as were construction spending and tbe
NAPM survey. Only tbe NAPM survey is released by a private agency.

Treasury bond futures and spot prices are not used because intraday spot price data, which can'
be obtained from the Chicago Board of Trade, have only two intraday prices, 3:00 PM and 5:00 PM
Eastern Time, per day, which makes the intraday analysis difficult to conduct.
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All otbers are government releases. As described in E&L, reporters are
given tbe reports about 30 minutes before tbe scbeduled release time.
Tbey are allowed to write tbeir reports but cannot leave tbe room, pbone,
or transmit until tbe pbone lines are turned on at tbe scbeduled release
time.^ Tbe reports are immediately transmitted by tbe wire agencies to
tbe markets. Tbese reports appear on screens on tbe floors of tbe futures
excbanges witbin a second or two.

Tbis article examines bow prices adjust to tbese announcements in
tbe Eurodollar spot and futures markets and tbe deutscbe mark spot
and futures markets. Tbese announcements could signal a potential
cbange in tbe demand for credit or foreign excbange to tbe markets,
and could influence tbe Federal Reserve's monetary policy. Hence
market participants in tbe spot and futures markets incorporate tbe
implications of news releases in tbeir trading strategies. Discussion of
market microstructure for eacb of tbe four markets and bow prices are
quoted in tbose markets along witb a detailed description of tbe actual
data used for tbis study follow.

The Eurodollar Spot and Futures Market Data^

A Eurodollar is any U.S. dollar beld on deposit in a bank outside tbe
United States. Tbe London Interbank Offer Rate (LIBOR) is used as
a basis for tbe rate at wbicb major international banks offer to place
Eurodollar deposits witb one anotber. Eurodollar deposits do not fall
under tbe jurisdiction of tbe Federal Reserve System and, tberefore, are
not subject to regulations sucb as reserve requirements. However, tbere
would be potential regulations tbat complicate tbe transfer of deposits
across countries. In addition, Eurodollar deposits are not guaranteed by
any government. Nevertbeless, tbe Eurodollar market is growing witb
an increasing number of financial institutions and corporations.

Tbe great success of tbe Eurodollar spot market prompted tbe
introduction of tbe Eurodollar futures contract by tbe International
Monetary Market (IMM) of tbe Cbicago Mercantile Excbange (CME)
in December 1981. Since its inception, tbe Eurodollar contract bas
experienced dramatic expansion to become tbe world's most actively
traded contract witb current daily trading volume exceeding $1 trillion.
Tbis futures market is effectively a 24-bour market. Tbe IMM is open
from 8:20 AM to 3:00 PM (ET); tbe Singapore International Monetary

^Until March 1992, the Bureau of Lahor Statistics allowed reporters to leave hut embargoed the
news until the scheduled time.
^For more detailed information on the Eurodollar spot and futures markets, see Stigum (1990).
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Excbange (SIMEX) opens around 7:30 PM and closes at 3:00 AM
(ET); and tbe London International Financial Futures Excbange
(LIFFE) opens at 3:00 AM and runs until noon (ET). However, tbe
IMM provides mucb better liquidity tban SIMEX or LIFFE. Large
corporations, financial institutions, central banks, and governmental
bodies trade principally tbrougb tbe IMM. Increasing use of tbe IMM
contract bas also influenced tbe spot market's liquidity. Altbougb tbere
is some liquidity in tbe mornings in London (3:00 AM ET), tbe bigbest
liquidity is available wben tbe IMM is open, from 8:00 AM tbrougb
3:00 PM (ET).

LIBOR is an add-on yield wbicb is stated as a percentage of tbe face
amount of tbe deposit and is quoted on a 360-day basis. Hourly tbree-
montb LIBOR data are from tbe daily information bulletin of tbe CME.
Tbe bulletin reports tbese data beginning witb 7:00 AM and ending witb
4:00 PM (ET)."* Tbe CME obtains tbese quotes on an ongoing basis
from Telerate Corp. of New York, wbicb uses tbe offered rates for tbree-
montb Eurodeposits of a large number of randomly selected major banks
in tbe London Eurodollar market, and samples tbem bourly. Tick-by-
tick futures data are from tbe CME and sampled at bourly intervals,
8:20 AM (open), 9:00 AM,... ,3:00 PM (ET). Tbe most beavily traded
contract on a given date is used. Tbis is tbe nearby contract until it is
switcbed to tbe next nearby contract wben its trading volume exceeds
tbe nearby. Tbe quoted futures price is tbe IMM Index wbicb is 100
minus tbe LIBOR. Tbis LIBOR reflects tbe market's assessment about
tbe spot rate at expiration of tbe contract. Tbe spot LIBOR is subtracted
from 100 to obtain tbe Eurodollar spot price wbicb can be compared
directly witb tbe futures price. Also, tbe analysis focuses on only tbe
bours during wbicb botb tbe spot and futures markets are tbe most
liquid, namely 8:00 tbrougb 3:00 for tbe spot data and 8:20 tbrougb
3:00 for tbe futures data.

The Deutsche Mark Spot and
Futures Market Data

Tbe deutscbe mark spot market like otber foreign currency markets,
bas no geograpbical location and no fixed opening and closing time.
Banks all over tbe world are constantly buying and selling currencies
tbrougb telepbone and teletype. An equilibrium excbange rate is based

•'Prior to 9/24/90, the bulletin reported the data beginning vinth 9:00 AM (ET), The data from the
time before that date, therefore, are not very useful since many of the announcements considered
in the analysis are released at 8:30 AM.
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on the demand and supply for a currency which can be measured by
the country's balance of payments. National income^ price levels, and
interest rate levels in relation to those of other countries affect the
balance of payments. Government policies on inflation, tariffs, and
import quotas may also influence the exchange rate. Along with spot
transactions, banks also huy and sell currencies for delivery at some
time in the future, which leads to the forward currency market.

Despite the presence of the strong forward market, the deutsche
mark futures contract was launched by the IMM of the CME in
May 1972, and has grown to be the most heavily traded foreign
exchange contract in the U.S. SIMEX trading volume is less than
one percent of the IMM's trading volume. The fixed exchange
rate system collapsed in March 1973, and the volatility of foreign
currencies sharply increased which helped the futures market grow.
The cost-of-carry relationship determines the futures price relative
to the spot price: Futures price at t = Spot price at t X (1 +
Domestic interest rate)/(l + Foreign interest rate), where the interest
rate covers from t to the futures expiration. Therefore, the current
spot rate and relative U.S. and German interest rates impact the
current futures rate.

Hourly interbank deutsche mark spot rates are from the CME's daily
information hulletin for tbe 7:00 AM—4:00 PM (ET) interval. Tick-hy-
tick futures data from the CME are used to prepare hourly data. Like
Eurodollar futures, the nearhy contract is used and it is switched to tbe
next nearby when there is a shift in trading volume. The spot and futures
market data are analyzed from 8:00 to 3:00 and from 8:20 (open) to
3:00, respectively.

VOLATILITY

Volatility Patterns

Standard deviation of returns is used as a volatility measure. Specifically,
standard deviations are calculated for hourly log returns across daily
observations from September 24, 1990, through June 30, 1993, to
examine how the Eurodollar and deutsche mark markets respond to
scheduled announcements. The sample is divided into announcement
days (with at least one of the 19 news releases) and nonannouncement
days. Figures 1 and 2 show the results for the Eurodollar and deutsche
mark markets, respectively. In each figure, both futures and spot
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FIGURE 1
Intraday volatility patterns of the ELiroclt>llar futures and spot returns.

Hourly return standard deviations caicuiated across daily observations from
September 24, 1990. througb June 30, 1993, are reported for announcement

days (sbaded triangle) and nonannouncement days (open triangle). The
reported standard deviations are the calculated values times 10*
and the times shown are interval ending times in eastern time.

volatilities are depicted, and the time on the horizontal axis indicates the
end of the interval in eastern time, e.g., 9:00 for 8:00 to 9:00 returns.^

E&L show that abnormally high volatility follows news releases in
the Eurodollar futures market. The results as shown in Figure 1 for the
intraday futures volatility pattern based on hourly returns confirm their

'The Eurodollar and dt-utsciic mark futures markets open at 8:20 AM (ET). Therefore, the first
period is 40 minutes in Icnglh in these futures markets. To compare with the other hourly
periods, the 40 minute standard deviation is multiplied hy (60/40)'^'', assuming returns are serially
independent.
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FIGURE 2
Intraday volatility patterns of the deutsche mark futures and spot returns.

Hourly return standard deviations calculated across daily observations from
September 24, 1990, through June 30, 1993, are reported for announcement

days (shaded triangle) and nonannouncement days (open triangle). The
reported standard deviations are the calculated values times 10̂
and the times shown are interval ending times in eastern time.

findings. The 8:20-9:00 period return volatility (adjusted to an hourly
hasis) is much higher on announcement days than on nonannouncement
days. Until 1:00 PM the announcement day volatility exceeds the nonan-
nouncement day volatility, while the latter is slightly higher than the
former during the final two-hour period. The large volatility difference
during the 8:20-9:00 period sharply decreases during the 9:00-10:00
period and then gradually lessens until 1:00 PM.

Now consider the intraday volatility pattern in the Eurodollar
spot market. There are two interesting points. First, unlike the
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futures volatility, both the announcement day volatility and the
nonannouncement day volatility exhibit the highest value during
the first hourly (8:00-9:00) period although the former is higher
than the latter. This implies that the spot market is always volatile
at the market open regardless of announcements and is relatively
more volatile on announcement days. It also appears that the spot
volatility gradually declines within the day. Second, the announcement
day volatility is a little higher than the nonannouncement day
volatility throughout most of the day except during only the last
hour. This evidence suggests that the aggregate impact of news
releases on the Eurodollar spot market is not significant. The
article investigates later whether some individual announcements
impact the market significantly. The volatility difference between
announcement days and nonannouncement days seems to be
more persistent throughout the day compared to that in the
futures market.

Intraday volatility patterns in the deutsche mark futures and spot
markets are shown in Figure 2. Consistent with Harvey and Huang
(1991) and E&L, the 8:20-9:00 futures return volatihty (adjusted to
an hourly basis) is the highest on announcement days as the 8:30
announcements are reflected in futures prices. The nonannouncement
futures volatility is basically flat all day long. Clearly, most of the futures
price adjustment to news releases occurs before 9:00 AM, while volatility
continues to be slightly elevated until 1:00 PM.

In sharp contrast to the Eurodollar spot volatility, there is some
evidence of notable impact of information on the deutsche mark spot
volatility. In Figure 2, the volatihty difference between announcement
days and nonannouncement days is the highest during the 8:00-9:00
period and it decreases until 1:00 PM. Like the deutsche mark
futures market, implications of the 8:30 announcements are re-
flected by 9:00 AM and some further adjustment is made during the
following hours.

In summary, the Eurodollar futures market and the deutsche mark
futures and spot markets are much more volatile on announcement
days than on nonannouncement days.^ There seems Httle impact of

^Average daily trading volume in the futures markets both on annotincement days and nonan-
nouncement days are examined as well. As expected, more Irading goes on when announcements
are released; approximately 30% and 10% more on announcement days than on nonannouncement
days in the Eurodollar and dt-utsche mark futures markets, respectively. Unfortunately, hourly trad-
ing volume data are not available for intraday analysis. Since the spot markets are so widely spread
all over the world, accurate trading volume is generally difficult to assess, while a representative
trade price can he readily traced.
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news releases on the Eurodollar spot market.^ This finding may he due
to the fact that the Eurodollar spot market participants, as illustrated
in Stigum (1990), usually react to economic announcements using
derivatives such as forward rate agreements (FRA) and interest rate
swaps and sometimes futures. They tend to avoid spot transactions since
the derivative markets have hetter liquidity and can more efficiently
implement their adjusted positions. It is also noted that the 8:30
announcements rather than the 9:15, 10:00, and 2:00 announcements
are dominant in their impact on price movements.

Volatility Persistence

This article now explores the length of time required for the market
to fully digest the information in the news release. Following the
announcement, an initial price reaction to the release, bullish or bearish,
can be expected. This is followed hy some continued trading and price
changes as those who disagree with the initial consensus view of the
release's implication place their orders.** Some evidence on volatility
persistence has already been presented in Figures 1 and 2.

More precise evidence of the volatility adjustment is presented
in Tables I and II for the Eurodollar and deutsche mark markets,
respectively. The ratio of the announcement day standard deviation
to the nonannouncement day standard deviation is calculated.
Brown—Forsythe-modified Levene tests are also reported for
homoskedasticity between announcement days and nonannouncement
days.^ As shown in Table I, the announcement day standard deviation

'Some contend that the spot market has already incorporated new information so that no further
adjustment is necessary. However, the previous close (3:00 PM) to open (8:00 AM) returns for
announcement days does not exhibit any excess volatility, implying that no new information is
incorporated in the spot price before 8:00 AM. Furthermore, a detailed investigation in Ederington
and Lee (1994) reveals no information leakage before announcement.
^Patell and Wolfson (1984) and Jennings and Starks (1985) observe that followinj^ earnings and
dividend announcements, the equity return variance remains higher than normal for several bours
and even into tbe next day.
'^Conover, Johnson, and Johnson (1981) compare over 50 methods for testing variance homogeneity
and find that this test is both one of tbe most powerful and quite robust to nonnormality. One of
the first studies in finance to apply this test to tbe bomogeneity of intraday return variances was
Lockwood and Linn (1990). Tbe Brown —Forsythe modified Levene test statistic is

J. I.U "jtp-i - py (iv - J)

wbere D,j = \r,j — Mj|; rij is tbe return for day i, interval j ; Mj is tbe sample median return

for interval.) computed over tbe Wj days included in the test; D j = X ( = I ( D ( J / M J ) is tbe mean

absolute deviation (from tbe median) for interval j ; D-- = Sj=i X(=i(O(j/^) '^ tbe grand mean;

and N = Xj = i «j- Tbe statistic is distributed F j - i . (v - ; under the null hypothesis.
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TABLE I
Volatility Persistence on Announcement Days
for the Eurodollar Futures and Spot Returns

Return Interval

8:00-9:00
9:00-10:00

10:00-11:00
11:00-12:00
12:00-1:00
1:00-2:00
2:00-3:00

Eurodollar Futures

Std. Dev. Ratio B~F-L Statistic

2.428
1.532
1.435
1.269
1,272
0,896
0.930

( H o ; (Tann = fTnat^

38.64'=
16.58^=
13.02*=

4,40^
13.4/=

1,09
0,25

Euroihllar Spot

Std. Dev. Ratio
(o-anJ(T»o,,)

1.131
1.238
1.466
1.159
1.624
1.401
0.893

B-F-L Statistic
{Ho: (Tann = fnof.)

3.05
3.56
6.29^
0.31
3.79
1.69
0.10

Hourly return standard deviations are calculated and the ratios of the announcement day standard deviation to the
nonannouncement day standard deviation are reported. TTie data period is 9/24/90 through 6/30/93. The Brown-Forsythe-
nnodified Levene (B - F- L) test statistics for equality between the announcement day and nonannouncement day variances
are reported.
* significance at the 5.0, 1.0, and 0.1% levels, respectively.

is consistently and significantly (0,1% level except the 11:00-12:00

interval) greater than the corresponding standard deviation on nonan-

nouncement days until 1:00 PM in the Eurodollar futures market. On

the other hand, this ratio of hourly variances is generally insignificant

in the Eurodollar spot market although it exceeds one until 2:00 PM.

Interestingly, this ratio during the 8:00—9:00 period is the second lowest

TABLE II
Volatility Persistence on Announcement Days for

the Deutsche Mark Futures and Spot Returns

Return Inten'al

8:00-9:00
9:00-10:00

10:00-11:00
11:00-12:00
12:00-1:00
1:00-2:00
2:00-3:00

De wise he

Std. Dev. Ratio
io-.nJ^non)

1.865
1.197
1.208
1.225
0.989
0.952
0.941

Mark Futures

B-F-L Statistic
(Ho; c^„„„ = o -_)

20.73«=
3.65
0.18
5.39*
0.09
0.66
0.58

Deutsche

Std. De%'. Ratio
i'J.nJcr^^n)

1,365
1.226
1.059
1.169
1.013
0.992
0.947

Mark Spot

B-F-L Statistic
(Ho: (Tan,, = T«on)

13.09^
4.45a
1.48
4.62^
1.18
1.43
0.87

Hourly return standard deviations are calculated and the ratios ot ttie announcement day standard deviation to the
nonannouncement day standard deviation are reported. The data period is 9/24/90 through 6/30/93. The Brown-Forsythe-
mcxJified Levene (B - F- L) test statistics for equality between Ihe announcement day and nonannouncement day variances
are reported.
"•''•'̂ Denote significance at the 5.0, 1.0, and 0.1% levels, respectively.
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during the day. In summary, as already observed in Figure 1, volatility
is extremely high in the first hourly period, declines sharply thereafter,
but still remains higher than normal for several hours in the Eurodollar
futures market. However, the Eurodollar spot market does not appear
to reflect the implications of news releases as much as the Eurodollar
futures market.

The deutsche mark futures prices respond to new information
very rapidly as indicated in Table IL The standard deviation ratio is
greater than one until 1:00 PM hut the announcement day standard
deviation is significantly (0.1% level) higher than the nonannouncement
day standard deviation during only the 8:20-9:00 period. The deutsche
mark spot volatility adjustment mirrors the futures volatility adjustment,
although higher than normal volatility persists relatively longer (until
1:00 PM). Also, the impact of the 8:30 announcements on the spot prices
is not as large as on the futures prices.

The deutsche mark results do not mirror the Eurodollar results.
Both futures and spot prices are impacted hy announcements. Most of
the deutsche mark futures volatility adjustment is complete by 9:00 AM,
while the deutsche mark spot market continues to he impacted hy the
8:30 announcements until 10:00 AM. Those announcements released at
other than 8:30 AM do not seem to affect futures and spot prices.

CAUSAL RELATIONSHIP BETWEEN
FUTURES AND SPOT VOLATILITIES

In this section, the spot and futures return series are explored for
any causal links hetween their volatilities in the Granger (1969, 1980)
sense. If one accepts that futures markets serve as a primary price
discoverer, then that implies that futures price movements lead spot
price movements. The absolute values of the median adjusted spot
i^jts) and futures {Vjtp) returns are examined. This specification of the
median adjusted absolute return is consistent with the Brown—Eorsythe-
modified Levene tests of homoskedasticity. The variable Vjtf is said to
Granger-cause the variable Vjts if the information in past and present
VjtF helps to improve the forecasts of Vjts- It is assumed that [V^IF VJJS]'

is a hivariate vector-autoregression process of order k, and that this
is a stationary process with a zero mean, multivariate normal, and
independent error structure. The bivariate vector-autoregression model
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is of the Following form:

+

1,1 «22, 1

« l l , 2 «12,2

«21,2 «22,2

^j-Ut,F

^ j-2,t,F
1)

where the endogenous variables VJ,F (VJ(S) are defined as the absolute
value of the median adjusted futures (spot) return for intraday interval
j on trading day (. For a given lag order k, it can be shown that Vjtp
does not Granger-cause Vjts, if, and only if, Ho: fl2i,i ^ fl2i,2 = • • • =
«2i.fe = 0. Ho is a statement of the null hypothesis that the estimated
coefficients on the lags of Vpp are jointly equal to zero. An F test of the
sums of squared errors for the constrained and unconstrained models
is used to test the null.'"

This article is interested in the causal relation between spot return
volatility and futures return volatility within the day. Specifically, the
article addresses the question of whether volatility for hour j in the
spot market is related to past volatihty in the futures market. Tests
are conducted also to determine if futures volatility is related to past
spot volatility. Since there are seven hourly return observations per
day with 9:00 AM through 3:00 PM (ET) as ending times of hourly
interval returns, the lag order k can be between one and six. For
example, there are six pairs of observations (10:00 AM—9:00 AM,
11:00 AM-10:00 AM, .. . ,3:00 PM-2:00 PM) when k is one; while,
for k = 6y only one set of observations (3:00 PM-2:00 PM, 1:00 PM,
12:00 PM, 11:00 AM, 10:00 AM, and 9:00 AM) is available per day. By
stacking the days throughout the test period, the following regression
model is estimated to investigate the relationship between Vjts and the
k lagged values of Vjts and

VjtS =
K K

+ 2la22.kVj-k,t,s + + (2)

where t covers all trading days during the sample period. Similarly, VjtF
is the dependent variable when testing whether VJIF is Granger-caused
by past VjtS- Only within-day hourly return data are used in this study
to avoid the problem of having to make adjustments to account for
overnight return periods. The results for models including up to 6 lags

^See Judge et al. (1985).
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are presented in Tables III and IV for the Eurodollar and deutsche mark
markets, respectively.

Panel A of Table III reports test results for the estimated eq. (2).
The F statistic is used to test whether past Vjtf Granger-causes Vjts- On
announcement days, there is uniform rejection of the null hypothesis
that the lagged coefficients relating futures volatility to current spot
volatility are equal to zero for all lags. The causal relationship is
significant at the 0.1% level for lags 1 through 5, and at the 5% level
for lag 6. The F value decreases as the number of lags increases. This
causal relation is also observed on nonannouncement days. Although
the F value is not as high as on announcement days, the null is
rejected for lag 1 at the 0.1% level. In contrast to Panel A, the null
hypothesis that spot volatility does not Granger-cause futures volatility
is not rejected for all lags on announcement days as reported in Panel B.
On nonannouncement days, for lags 5 and 6, some evidence exists that
spot volatility causes futures volatility.

TABLE III
Granger Causality Tests for the Eurodollar Futures and Spot Return Volatilities

Announcement Days Noytannouncement Days

Number of Lags
Panel A: Null

1
2
3
4
5
6

F Statistic Number of Lags F Statistic

Futures Volatility Does not Granger-Cause Spot Volatilit)'

64.052'^
19.262*=
12.555<=
12.387*^

2.678^

4.046^

1.309

2.336
2.663^

1.476

Panel B: Null ~ Spot Volatility Does not Granger-Cause Futures Volatility

0.229
0.405
0.077
1.751
1.990
1.591

0.012

1,455
0.601

1.511

3.031^

3.570"

The estimated model for the null that the spot return volatility is not Granger-caused by the futures return volatility
a2i,pV,-p,i,F + is the absolute value of the median adjusted spot

(futures) return over interval / on day /. Conversely, VI,F is used as the dependent variable for the null that the futures
return volatility is not Granger-caused by the spot return volatility. The data period is from 9/24/90 through 6/30/93.
F tests of the joint hypothesis that the coefficients ot the lagged values ot the futures volatility equal zero when the spot
volatility is the dependent variable are reported in Panel A, while F tests of the joint hypothesis that the lagged values of
the spot volatility have coefficients equal to zero with dependent variable of fhe futures volatility are reported in Panel B.
"•^Indicate significance at the 5.0, 1.0, and 0.1% levels, respectively. Results are reported tor both announcement days
and nonannouncement days.
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TABLE IV
Granger Causality Tests for the Deutsche Mark Futures and Spot Return Volatilities

Announcement Da}s N(>nanfiouncement Days

Number of Lags F Statistic Number of Lags F Statistic
Panel A: Null ~ Futures Volatility Does not Granger-Cause Spot Volatility

1
2
3
4
5
6

Panel B: Null -

1
2
3
4
5
6

68.652^
44.642^^
28,125''
16.563'̂
3.154'̂
0.404

- Spot Volati

1.450
0.093
0.676
1.496
1.109
2.003

81.543'=
46.910<=
27.774<=
23.782'=
15.737'=
17.673'=

Spot Volatility Does not Granger-Cause Futures Volatility

0.612
0.948
2.204
2.160
1.468
1.764

The estimated mode! for the null that the spot return volatility is not Granger-caused by the futures return volatility

p.i.s P . I , F - VJ,S{FI is the absolute value of the median adjusted spot
(futures) return over interval; on day f. Conversely, ^, f is used as the dependent variable for the null that the futures
return volatility is not Granger-caused by the spot return volatility. The data period is from 9/24/90 through 6/30/93.
F tests of the joinl hypothesis ihat the coefficients of the lagged values of the futures volatility equal zero when the spot
volatility is the dependent variable are reported in Panel A, while F tests of the joint hypothesis that the lagged values of
the spot volatility have coefficients equal to zero with dependent variable of the futures volatility are reported in Panel B.
'̂"̂ '"̂ Indicate significance at the 5.0, 1.0, and 0.1% levels, respectively. Results are reported for both announcement days

and nonannouncement days.

Causality test results for the deutsche mark spot and futures
markets are summarized in Table IV. Regardless of announcements, the
futures return volatility leads the spot return volatility for up to lag 5 on
announcement days and for up to lag 6 on nonannouncement days. The
F values are comparable to each other between announcement days and
nonannouncement days for each lag. Similar to the Eurodollar results,
Panel B shows that the current futures volatility is unrelated to the past
spot volatility on both announcement and nonannouncement days.

In summary, overall results suggest that there is considerable
interaction between the spot and futures markets at least in terms of
the transfer of volatility from the futures market to the spot market
but not in the opposite direction. This phenomenon confirms that
the futures market helps discover new prices more prominently on
announcement days than on nonannouncement days in the Eurodollar
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spot and futures markets, while it is invariant to announcements in
the deutsche mark markets.

WHICH ANNOUNCEMENTS
IMPACT THE MARKETS

The aggregate impact of all announcements were examined by com-
paring volatility patterns on announcement and nonannouncement days
and testing homoskedasticity. Now the individual impact of each of the
announcements on the spot market as well as the futures market is
investigated. Following E&L, this article estimates a regression in which
the dependent variahle is the ahsolute value of the difference between
the actual return Rjt for hourly interval j on day t and the mean return
Rj for interval j over all trading days. Dummy variable Dkt is defined to
he 1 if announcement k is released on day t and zero otherwise. The
regression format is

K

\Rjt - Rj\ = aoj + 51 ^kjDkt + ejt (3)
k=\

As explained in E8fL, if log returns are normally distrihuted with
constant mean but time-varying variance, 1.2533 aoj provides an esti-
mate of the standard deviation of returns on nonannouncement days
and 1.2533 {ukj + «oj) represents an estimate of the standard deviation
on days when announcement k (and only k) is released. Whether an
announcement is bullish or bearish, a^j should be positive if announce-
ment k impacts the market, implying tbat volatility is grater than on
nonannouncement days. The null hypothesis is that the market ignores
announcement fe, or akj = 0. Two pairs, industrial production-capacity
utilization and construction spending-NAPM Survey, are released on the
same day. Installment credit is released at no fixed time. Consequently,
only 16 dummy variables are used in the regression.

Four sets of regressions are estimated with respect to the 8:30,
9:15, 10:00, and 2:00 announcements. Results for tbe Eurodollar fu-
tures and spot markets are shown in Table V. From Panel A, it is
clear tbat tbe employment report, durable goods orders, tbe producer
price index (PPI), and the consumer price index (CPI) (in descending
order of impact) have a major impact on the Eurodollar futures price

"For a more detailed discussion, see Schwert (1989) and Schwert and Seguin (1990).
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movements. For example, on days with employment announcements,
the standard deviation of returns is (7.560 + 1.740)/l,740 = 5.3 times
as high as on nonannouneement days. The impact of the employment
report persists until 1:00 PM. The construction spending-NAPM Survey
announcements released at 10:00 also appear to impact the futures
market significantly.

The question is whether the major announcements impacting the
spot market are consistent with those of the futures market. As in
Panel B of Table V, the employment report is again most significant in
inducing higher spot volatility, and the impact persists until 12:00. Only
one other announcement, durable goods orders, is significant during the
8:00-9:00 period, while the PPI and the CPI are insignificant. However,
the impact of the PPI is significant during the 9:00-10:00 period and
the 12:00-1:00 period. Like the futures market, all announcements
released at times other than 8:30 tend to be ignored by the spot mar-
ket except the construction spending-NAPM Survey announcements.
Overall results suggest that the impact of individual announcements is
much less in the spot market than in the futures market,'^ However,
the impact of two individual announcements are significant, contrary
to the insignificant aggregate impact of all announcements reported in
Figure 1 and Table I.

Regression results for the deutsche mark futures and spot markets
as shown in Table VI are distinguishable from those for the Eurodollar
markets. As expected, the merchandise trade announcement, which is
ignored in the Eurodollar markets, has a significant impact on both the
deutsche mark futures and spot prices. The employment report, retail
sales, durable goods orders, merchandise trade deficit, and the PPI are
major announcements in both the futures and spot markets. Interest-
ingly, the CPI is not considered important in the deutsche mark markets.
In contrast to the Eurodollar spot market, there is clear evidence that
the deutsche mark spot market is greatly impacted by those 8:30 major
announcements. The overall impact of the 8:30 announcements gener-
ally persists until 10:00 as indicated by adjusted R^. The employment
report continues to cause high volatility until 12:00 in the futures and
spot markets, and merchandise trade deficit and the PPI move the spot
market until about 2:00.

adjusted R^ for the 8:00-9:00 regression is oniy i.6% for Eurodollar spot, while it is 24.8%
for Eurodollar futures, implying that the spot market does not reflect the impact of announcements
as well as the Futures market.
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•^ CO in in ca
p r-; CO d) T-
c\i c> '-^ d OJ

o o o o o
h - O O> O l O
h-; CO OJ p 1 -

o oi oi oJ T-̂
I I

I
0)

a.

rc
e

0)

em
en

tE
lo

un

c(0

<

e 
in

de
x

o

r 
pr

i

g
o

or
de

rs

o 5
t

— ^ ^

i E
Q LU

•D

Q.
— (/J

g iS
"JS ^

t o • "

£ o

to
rs

m

id
iC

i

-^

^'

_ j

ad
e 

d
e

is
e

(0

in
de

x

a)

Q. * "
. ^

cu ^
o ^13 ^^

1 •s

em
en

ts

u

ou
m

cc(0

<

. .

jc
tto

n-
c

2
Q.
15

13
•D

C
(U

o

o
c
cd

o
o
d

V)

o

in
ve

E E
5 5-? 8

£ Q >

,9 03

O u-

o to
O) O
C\J O

d)

E

5 en5 T3

Q:

S Q)

o o" S?

£ 5 »
•5 ° o

• 5 • ^ w

•S £ ^
£ o c
.£6i a
^9 g

r * ^
> o ™

0)
i n

O) « O

III

_ O <o

a) 01 ib

II Ul O) " " *~"g S I iS itro
s o a £

(b CM fa i=

S"!:-.!

TJ (J

c? o = 2 wcJ o

'S' m S <D
- 2 > "

0}

(0
o ™ dj

+ m M

d) O

of o o
0) in

.0 (5

to cy •c c

s
»= &
s ^

•D u

^1
o .e ^ .E ™-



Intraday Volatility 415

IVIARKET EFFICIENCY AND PRICE
ADJUSTMENT PATTERNS

Correlation Analysis

As reported in the previous sections, the 8:30 announcements appear to
impact the markets most significantly. Therefore, the article focuses on
only 8:30 announcements for the remaining analyses. If the market is
inefficient, prices tend to rise or fall continuously for several hours,
representing a profitahle trading opportunity. The article examines
whether it is possihle to make excess profits hy ohserving the initial price
response and huying (selling) if the initial return is positive (negative).
Note that continued high volatility does not necessarily mean serially
correlated returns. If prices fully adjust to the availahle information
immediately hut continue to adjust in an independent manner as further
details hecome availahle or as those who disagree with the market's
initial consensus view about the information place their orders later,
volatility may still remain higher than normal, and the market should
not be considered inefficient.

Serial correlation coefficients are calculated for successive hourly
returns following the 8:30 announcements. Results are shown in
Tahles VII and VIII for the Eurodollar and deutsche mark markets.
Consider the correlation between the first and second hourly returns.
There is no evidence in either market that the price adjustment which
hegins in the first hour continues into the second hour. Specifically,

TABLE VII

Serial Correlation Matrices for the Eurodollar Futures and Spot Returns

Firsl hour
Second hour
Third hour
Fourth hour
Fifth hour
Sixth hour
Seventh hour

First
Hour

1.000
-0.070
-0.049

0.025
0.084

-0.018
0.089

EurotioUar Futures

Second
Hour

1.000
-0.053
-0.035

0.018
-0.022

0.037

Third
Hour

1.000
-0.121
-0.008

0.027
0.090

First
Hour

1.000
-0.140^
-0.092
-0.058
-0.083

0.098
-0.043

Eurodollar Spot

Second
Hour

1.000
-0.229^*

0.071
0.014
0.003
0.002

Third
Hour

1.000
-0.303"
-0.025
-0.110
-0.120

Pearson correlation coefficients between hourly retums following the 8:30 announcements are reported.
"-''Indicate significance at the 5 and 0.1% levels, respectively. The data period Is from 9/24/90 through 6/30/93.
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TABLE VIII
Serial Correlation Matrices for the Deutsche Mark Futures and Spot Returns

First hour
Second hour
Third hour
Fourth hour
Fifth hour
Sixth hour
Seventh hour

Deutsche Mark

First
Hour

1.000
-0.143^
-0.021

0.120
0.019
0.005

-0.007

Second
Hour

1.000
0.117
0.117

"0.020
0.037

-0.116

Futures

Third
Hour

1.000
0.164'̂
0.069
0.201''

-0.008

First
Hour

1.000
-0.006

0.022
0.098
0.060
0.000

-0.016

Deutsche Mark

Second
Hour

1.000
0.007
0.130^

-0.017
0.035

-0.017

Spot

Third
Hour

1.000
0.278'=
0.091
0.092

-0.064

Pearson correlation coefficienis between hourly retums following the 8:30 announcements are reported.
'̂"••^Indicate significance at the 5, 1, and 0.1% levels, respectively. The data period is from 9/24/90 through 6/30/93,

the correlation between returns in the first two hours is negative hut
insignificant in the Eurodollar futures market and the deutsche mark
spot market. However, in the Eurodollar spot market and the deutsche
mark futures market, this correlation coefficient is significantly negative.
This may imply that these markets tend to overreact to the news in the
first hour and then correct in the seeond hour. In the Eurodollar spot
market, the correlation coefficients for the first four hourly returns are
all significantly negative, which implies that the direction of the spot
priee movement changes eaeh hour. In summary, there is no evidence
that the first hour price adjustment continues into the next several hours
as the correlation hetween the first hourly return and the subsequent
hourly returns are not significantly positive. There is also some evidence
of potential overreaction in the Eurodollar spot and deutsche mark
futures markets.

Price Adjustment

The article examines the priee adjustment patterns and also seeks further
evidence of the possihle overreaction discussed above. The direction of
the futures price change over the first 30 seconds following the release
is used as a basis to determine whether an announcement is bullish or
hearish.'^ Specifically, the adjusted returns, ARjt for hourly interval j on

"The Ederington and Lee (1994) study proposes the use of ihis 30-second interval to determine
whether the news is hearish or huMish For interest and exchange rales. This article analyzes tick-
hy-tiek price data for the Eurodollar and deutsche market futures, particularly the 8:30:00 price
and the 8:30:30 price to determine the sign of the news.
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day t is defined as ARjt = Rjt * Dt where D, = 1 if the return hetween
8:30:00 and 8:30:30 is positive, D, = - I if the 8:30:00-8:30:30 return
is negative, and D, - 0 if the 8:30:00-8:30:30 return is zero. If prices
in interval j are continuing to adjust in the same direction as in
the 8:30:00-8:30:30 period, ARj, would tend to he positive. Average
adjusted returns are calculated hoth for announcement days and for
nonannouncement days.

Average adjusted returns are summed in the cumulative average
adjusted returns, CARj,, and these are graphed in Figures 3 and 4 for
the Eurodollar and deutsche mark markets.''' Without exception, all
CARs for nonannouncement days are approximately zero as all average
adjusted returns Fluctuate around zero. This indicates that the procedure
to calculate adjusted returns is unhiased. Statistical significatice for
average adjusted returns on announcement days is also examined hased
on t tests. In both interest rate and exchange rate markets, the 8:00-9:00
average AR is significantly positive at the 0.1% level, supporting the
findings in the previous sections that the price adjustment is almost cotn-
plete hy 9:00 AM. On the other hand, average adjusted returns fluctuate
around, and are not significantly different from, zero even on announce-
ment days when j is not the 8:00-9:00 period. These results are clearly
reflected in cumulative average adjusted returns, CARjt, as shown in
Figures 3 and 4. Consistent with the correlation results, there is no evi-
dence that the 8:00-9:00 adjustment continues into the next hours. Fur-
thermore, the possible overreaction in the Eurodollar spot and deutsche
mark futures markets is not clearly detected in the CAR patterns.

CONCLUSIONS

This article explores how the Eurodollar and deutsche mark spot and fu-
tures markets adjust to regularly scheduled announcements. As pointed
out in the data section, the futures and spot prices should move similarly
to the extent that the cost-of-carry relationship holds. However, it can
be hypothesized that differences in the market microstructure of the
spot and futures markets may induce distinguishable adjustments to
news releases.

' ' 'The cumulative average adjusted return. CAR, in this study should not be confused with the
cumulative excess return measure frequently employed in event studies of market efficiency. This
CAR is adjusted to news content. A big price increase follows important bullish news, while
price goes down sharply following important bearish information. Since a dummy variable for
informational content is used to calculate CAR, both huge price increases and decreases lead to
an increase in CAR. On the other hand, the conventional cumulative excess return increases only
when price increases.
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FIGURE 3
The Eurodollar futtires and spot price adjustment Following the 8:30 announcements.
Cutnulative average adjusted rettirns (CAR) are reported For announcement days (shaded
triangle) and nonannouncement days (open triangle). CAR equals the sum of the average

adjusted returns from 8:00 to the time shown. The adjusted return AR, ^ R, * D,
where D, is a +1, 0, - 1 dummy variahle hased on the sign of the 8:30:00-8:30:30

futures return. The reported returns (CAR) are the actual returns times 10 .̂

The most important findings are as follows. First, in the Eurodollar
futures market and the deutsche mark spot and futures market, volatility
is considerably higher on announcement days than on nonannounce-
ment days, implying that scheduled announcements move these markets
to a great extent. However, most announcements seem not to be
reflected in the Eurodollar spot market, except the employment report,
durahle goods orders, and construction spending-NAPM Survey. This
finding is probably due to more frequent use of FRAs, interest swaps,
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Deutsche Mark Futures Price Adjustment

8:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00

Time

Deutsche Mark Spot Price Adjustment

8:00 09:00 10:00 11:00 12:00

Time

13:00 14:00 15:00

FIGURE 4
The deutsche mark futures and spot price adjustment following the 8:30

announcements. Cumulative average adjusted returns (CAR) are reported for
announcement days (shaded triangle) and nonannouncement days (open

triangle). CAR equals the sum of the average adjusted returns from 8:00 to
the time shown. The adjusted return AR, = R, * D, where D, is

a +1.0, - 1 dummy variahle hased on the sign of the 8:30:00-8:30:30
futures return. The reported returns (CAR) are the actual returns time lO"̂ .

and Eurodollar futures by the Eurodollar spot market participants when
they adjust their positions to economic news.

Second, most price adjustments occur within the first hour
following announcements, while there is some evidence that volatility
remains higher than normal for the next several hours. The spot
market is generally impacted hy news releases for a longer period
than the futures market.
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Third, there is clear evidence that volatility is transferred from the
futures market to the spot market, which confirms the price discovery
role of futures. It is interesting to note that this causal relationship
hetween futures and spot volatilities is generally more prominent on
announcement days.

Fourth, there are several major announcements that impact the
spot and futures markets. The employment report, durable goods
orders, and the PPI are important to both the Eurodollar and
deutsche mark markets. The CPI is important in the Eurodollar
futures (hut not spot) market, while the merchandise trade deficit
and retail sales announcements influence the deutsche mark spot and
futures markets.

Finally, there is no evidence of market inefficiency. The analysis
of correlation coefficients and the price adjustment patterns shows that
prices do not tend to rise or fall continuously for several hours after the
initial price adjustment to new information.

The overall results suggest that the spot market incorporates news
releases like the futures market; but the degree of the impact is lower and
the speed of the price adjustment is slower compared to the futures mar-
ket. This may be due to differences in the microstructure of the futures
and spot markets. High liquidity and the ease of trading in the futures
markets allows market participants to quickly react to news releases.

APPENDIX

Macroeconomic Announcements

Time

8:30 AM
8:30 AM
8:30 AM
8:30 AM
8:30 AM

8 :30 AM

8 :30 AM

8:30 AM
8:30 AM
9:15 AM

9:15 AM

10:00 AM

10:00 AM

Title of Report

Consumer Price Index
Durable Goods Orders
Employment
Gross National Product^
Housing Starts
Leading Indicators
Merchandise Trade Deficit
Producer Price Index
Retail Sales
Industrial Production
Capacity Utilization
Business Inventories
Construction Spending

Reporting Agency'

Bureau of Labor Statistics
Bureau of the Census
Bureau of Labor Statistics
Bureau of Economic Analysis
Bureau of the Census
Bureau of Economic Analysis
Bureau of the Census
Bureau of Labor Statistics
Bureau of the Census
Federal Reserve Board
Federal Reserve Board
Bureau of the Census
Bureau of the Census

continued
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Tirne

10:00 AM
10:00 AM
10:00 AM

10:00 AM
2:00 PM

No fixed time

Title of Report

Factory Inventories
NAPM Survey
New Single-Family Home Sales
Personal Income
Federal Budget
Installment Credit

Reporting Agency

Bureau of the Census
National Association of Purchasing Managers
Bureau of the Census
Bureau of Economic Analysis
Department of the Treasury
Federal Reserve Board

Domestic Product (GDP) has been released instead of GNP since January 1992. No distinction between GDP
and GNP Is made in the analysis because their impact on market prices is expected to be alike.
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