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INTRODUCTION

It is widely recognized that the movement of the exchange rate is mainly
driven hy publicly availahle macroeconomic news from both countries.
Harvey and Huang (1991) find higher U.S.—European and U.S.—Japanese
exchange-rate volatility during U.S. trading hours. They hypothesize that
the high volatility observed on the opening hours of Thursdays and Fri-
days is due to the release of U.S. macroeconomic news. Ederington and
Lee (1993) find that the intraday and interday volatility patterns in three
futures markets' are primarily affected hy the scheduled monthly mac-
roeconomic news announcements. They find that volatility usually soars
in the five minutes immediately following major announcements,"" then

'They are Treasurj hond. Hurndollar. and Deutsche mtirk futures markels. Ederington iind Lee
(1994) find the similar rejjularitics lor Japanese yen Futures.
^These are the announcements ihey identify lo move the market. For Deutsche mark, the announce-
ments are employment, merchandise trade deficit, gross national product, producer price index,
durable goods orders, and retail sales.
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falls sharply over the next 10 to IS minutes and stays higher than non-
announcement days for several hours.

The first question one would ask is how exactly the transaction price
movement is affected by the anticipated news announcements. The ex-
tensively studied volatility measure"* reveals price variation over a period
of time. However, a clear description on the movement of transaction
price paths is not offered. Taking into account the facts that transaction
price may he in disequihhrium and the trading is not frictionless, Amihuc]
and Mendelson's (1987) partial price adjustment model suggests that
when the market adjusts to the news without delay, the first-order auto-
correlation of log price changes (FAC) is between — 1/2 and 0. On the
other hand, if the market underreacts or overreacts to the news, the FAC
is greater or less than - 1/2. The FAC can be positive especially when
the variance of fundamental prices is large enough and the market adjusts
to the news with a lag. The FAC is, thus, more informative concerning
the market's reaction to the news than the volatility measure.

The second question is whether the releases of scheduled announce-
ments enlarge the magnitude of successive price changes. With many
floor traders (scalpers) continuously offering bids and asks to facilitate
trading [Kuserk and Lock (1993); Siher (1984); Working (1 9S4)] futures
markets have a very competitive market-making environment. Thus, the
successive price changes are usually minimized to 1 tick."^ Unlike the
stock market, futures markets do not record quoted bid-ask spreads. The
widely available Time and Sales data, on the other hand, do not record
the status of each transaction price. Therefore, the realize bid—ask
spreads cannot be exactly measured. Thompson and Waller (1988) show
thattheaverageabsolute value of price changes (AAC) isa better measure
of liquidity costs for corn and oats futures. Thus, the AAC represents the
average successive price changes during a certain period of time and can
be treated as a proxy of realized bid—ask spreads.^

The third question is how the impact of news changes the price
fluctuation range (PR). The PR which measures the maximal fluctuation
range of prices over a period of time is an alternative measure of price
volatility [Garman and Klass (1980); Parkinson (1980)]. It also indicates
the maximal possible gross profit per contract that can be made during a

Here, volatility is represented hy either standard deviation or variance of prices; log price changes;
or price chimges.
••The contract si/.e is DM125,000 For DM and ¥12.500.000 for JY. The size of one tick, which is
$0.0001/DM and $().()()0()01/JV, is equal lo $12.5 per contract for holh currencies.
Realized bid-ask spread is the uhsolute value ol' lhe difference between the current transaction

price, which is lhe scalpers'ask (bid) and lhe earlier transaction price which is the scalpers'bid (ask).
See Stoll (1989) Tor a detailed e.xplanation.
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period of time [Webb and Smith (1994)]. This is the variable which gets
most of the attention from practitioners. For example, the Money and
Investing section of the Wall Street Joumal reports the highs and lows of
the day or of the year for the value of most of the financial assets.

The fourth question is whether the expected announcements en-
hance the intensity of the trading. The literature of the Mixture Distri-
bution Hypothesis has demonstrated that the number of price changes is
a proxy of information flows [Clark (1973); Harris (1986); Laux and Ng
(1993)]. The number of prices (NP),^ thus, represents the intensity of
order arrival rates. The thing one should be aware of is that higher NP
may be caused by more liquidity orders and/or information orders. This
is another reason why the other three price statistics should be studied.
High information trading is expected to increase the values of FAC, AAC,
PR and NP. On the other hand, high liquidity trading is expected to in-
crease only NP

Even though the FAC, AAC, PR, and NP^ convey useful information
on intraday transaction price movements, transaction costs, maximal pos-
sihle gross profits per contract, and information flows, few studies have
paid attention to the intraday patterns of these four price variables. This
article intends to fill this gap via studying the two most actively traded
currency futures, Deutsche Mark (DM) and Japanese Yen (JY), and pre-
senting a detailed picture of how the market reacts to anticipated U.S.
macroeconomic announcements during U.S, trading hours,

DATA AND STATISTICS

Data

The data set consists of Time and Sales data of DM and JY futures from
the Chicago Mercantile Exchange (CME), and announcement dates from
the Money Market Services (MMS) International.*^ To be consistent with
Ederington and Lee's work., the dates of 18 scheduled monthly announce-
ments from November, 1988 to December, 1993 are used. These include
the following announcements made at 7:30 Central Standard Time* :̂ (1)

^(The number of transaction prices) — I = (the number of price changes) at the opening interval.
This remains the same for the rest of the trading intervals.
^These four price variables are similar to the percentage of price reversals, the percentage of price
changes exceeding one tick and median lime between price changes reported in Ederington and Lee
(1995) [Tahle I]. However, they focus on the window of two minules before and ten minutes after
lhe announcements.
'̂ All dates are verified with the "Commodity Alert" section of Futures, "The Week Ahead" section of
Business Week, and "Tracking the Economy" section of the Wall Street journal.
''Central Standard lime is hereafter assumed, unless otherwise noted.
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consumer price index (CPI), (2) durable goods orders, (3) employment,
(4) gross national product (GNP),'*^ (5) housing starts, (6) leading indi-
cators, (7) merchandise trade deficit, (8) producer price index, and (9)
retail sales; at 8:15: (1) industrial production, (2) capacity utilization; at
9:00: (I) business inventories, (2) construction spending, (3) factory or-
ders, (4) NAPM survey, (5) new home sales, and (6) personal income;
and, at 13:00: federal budget. The Time and Sales data cover 1269 trading
days from November 1, 1988, to November 5, 1993. During this five-year
period, both DM and JY opened at 7:20 and closed at 14:00. The prices
used are tor the nearest contract except during an expiration month. For
example, the prices of a March 1989 contract are used for trading days
in December, 1988, January, 1989, and February, 1989; a June 1989
contract is used for the trading days in March, April, and May, 1989; and
so on. All prices of bid, ask, and any transaction recorded after 14:00 are
excluded from this study.

Contrary to prior studies which use only intraday transaction prices
every five minutes, this study divides each day into 80 five-minute inter-
vals and takes ever\' transaction price into account. Building on Edering-
ton and Lee's (1993) (1994) results, this article separates the whole sam-
ple into three subsamples: (1) the A-sample (major announcements''),
including only those 369 days when figures on employment, merchandise
trade deficits. PPI, durable goods orders, GNP (GDP), retail sales, or CPI
were announced; and, (2) the B-sample (minor announcements), includ-
ing 346 days when only one of the other I I announcements was an-
nounced; and, (3) the N-samp!e, including all trading days except those
when any of the above macroeconomic statistics were announced. The
N-sample totals 554 days.

Statistics

The following are the notations and definitions of the FAC, AAC, NP,
and PR,

Pjj = the jth transaction price in the ith trading interval of day, d,'^

'"The announcement dates of gross domestic product (GDPl are used since Decemher. 1991.
' 'while CPI (CPI & relail sales) has no immediate impact on DM (J\'), they do have an effecl on
transaction prices in the later time. See Ederington and Eee (1993) and Ederington and Lee (1994).

There are 101 days with hoth major and minor announcements, which are included in the A-
sample and excluded from the B-samplc.
'^Pl'j = $/perDM X 10000 or Pf; - $/perJ>' X 1000000.
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i = 1, 2, 3, . . , , 8O'\j - 1 NPf, d = 1, . . . , D,

NPf = the NP recorded for interval, i, of day, d.

D =
_ IA the number of days of an announcement sample

N the number of days of a nonannouncement sample,

- lnP?,-

FACf = the FAC for interval, i, of day. d

Nf

f = the AAC over interval, (, of day, d

Nf

N? - 1

PRf = PRoverinterval, i, ofday, d = Max(Pfj) -

The following method is employed to get sample mean statistics for
all three samples and to test whether they are significantly different. Each
statistic is first calculated for each five-minute trading interval''' of every
day. Then, one regression for each five-minute interval is run for each
statistic to get the mean statistics for the A-sample, B-sample, and the
N-sampIe. Moreover, the covariance matrices are heteroskedasticity
[White (1980)] and serial correlation [Newey and West (1992)] cor-
rected. Take FAC, for example,

FACf - auDi + a2,Dii + aj^iDfj + sf,

'"'Each trading day has 400 minules, which is equal to 80 five-minute trading intervals.
'"'If lhe number of prices is less than 3 for any five-minute interval, then the FAC of this interval is
treated as a missing value.
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where d eq 1, . . . , 1269; DJ^ = \, when there is any of the 7 major
announcements on day, ti, and D^ = 0, otherwise; Dg = 1, only with any
of the 11 minor announcements on day, d, and Dg = 0, otherwise; and,
Djv = 1, when there is none of the 18 announcements on day, d, and
D/vj = 0, otherwise. Thus, for interval, i, a;;, a2i, and a ;̂ are the average
FAC of the A-sample, B-sampIe, and N-sample, respectively; and, e-' is
the error term, where i = 1, . . . , 80.

MODEL AND EMPIRICAL RESULTS

Partial Price Adjustment Model

The following is Amihud and Mendelson's (1987) model:

Pt - P<-i = g(Vt - Pt-\) + e,, where e , ~ i.i.d. (0,^7^); (1)

V, = V,.i + £,, where e, ~ i.i.d. {0, v̂ ) (2)

where Vj and Pj are in logarithms, V, is the unobservable fundamental
price, and P, is the observed transaction price at time, (. The random
variable e, is independent of £,. The random variable, c,, is the fundamen-
tal news shock and e, captures the noisy trading, price discreteness, and
bid-ask spreads. The parameter, g, is the adjustment coefficient and g 6
(0,2), under the assumption that the return series is stationary. When g
= 1, transaction prices adjust to a fundamental price instantaneously;
when 0 < g < 1, there is a lagged adjustment; and, when 1 < g < 2, the
market overreacts to the news shock. In the special case wheng = 0, the
transaction price process follows a random walk. Rearranging (1) and
using R, = P, — P,_], one obtains:

i + e,- e,_, (3)

Var(R,) = (g/(2 - g))v^ + (2/(2 - g))a^ (4)

= ((1 - g)gv^ - ga^)/{gv^ + 2o^) (5)

(1) When the market is efficient, i.e., g = 1,

- 1 / 2 <Corr(R,, R,_|) = {-G~)/{V- -K 2a^) < 0 (6)

The negative autocorrelation is caused by noise and transaction friction.
The higher the fundamental variance (v~), the closer to 0 Corr (R,,H,_ i)
becomes. On the other hand, the larger the transaction friction (a^), the
smaller Corr(K(, K,_[) becomes.
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(2) When the market overreacts, i.e., 1 < g < 2,

- 1 <Corr(R,, R,_|) = -{(g - Dgv" + ga^Vigv^ + 2a^)< -1 /2 (7)

The oscillation of price movement is caused not only hy noise and trans-
action friction but also by market participants' overreaction to a news
shock. In other words, the overshooting of prices can enhance the neg-
ative autocorrelation. Thus, Corr(R,,R,_ j) is negatively correlated with
both v'̂  and cr'.

(3) When the market undershoots, i.e., 0 < g < 1

- 1 / 2 < {-<7~)/{v^ + 2a-) <Corr(R,,R,_|)

+ 2a'~) (8)

and when

v̂  > (7~/{\ - g), Corr(R,, R,_i) ^ 0 (9)

This demonstrates that Corr{R,,R,_ [) is positive only when a news
shock is large enough and the market adjusts to the news with a lag.
Corr(R,,R,_ |) is positively correlated with v^ and negatively correlated
with (7 .̂

This model predicts that the FAC is between — 1/2 and 0 at the
normal time. When a news shock occurs, the FAC is either less than — 1/
2 when the market overreacts to the information, or greater than — 1/2
when the market has partial price adjustment.

Empirical Results

Since the major announcements are made at 7:30 and the other minor
announcements are made at 8:15, 9:00, and 13:00, the transaction prices
of A-sample and 6-sampIe are expected to have the most distinctively
different behavior from the /V-sample at these times. Two questions nat-
urally arise: (I) How long does this difference in the behavior of each
mean statistic of each interval between the A-sample, B-sample, and N-
sample last?; and, (2) Are the intraday patterns found in each mean sta-
tistic significant? The following sections will answer these two questions
in detail.

The First-Order Autocorrelation of Log
Price Changes

The intraday patterns of the average FAC's for the A-sampIe (FACj^'s), B-
sample (FACfs), and N-sample (FACj^'s) are depicted in Figures 1(A)
and 1(B) for DM and JY, respectively. For both currencies, FAC-̂ *s,
FACf's, and FACl'̂ 's, where (= 1 80, are different from 0 at the 1%
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Deulsche Marl<. 110: Sample mean of major unn. - sample mean of minor ann. only
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marginal significance level. As the partial price adjustment model pre-
dicts, FACj 's are between — 1/2 and 0 for both currencies. Notice that
FAC^ 's exhibit an inverse U-shaped pattern across five-minute trading
intervals for both DM and JY. This suggests that the fundamental vari-
ances are higher during mid trading hours. In other words, the intraday
patterns of information flows are inverse U-shaped.

It is obvious that the 7:30 and 9:00 announcements do cause the
average FAC over the 7:30-7:35 interval (FAC^ FAC?) and 9:00-9:05
interval {FAC21, FACfi) to increase. Moreover, FAC-̂  is the only one
whicb is positive for both currencies. According to the partial price ad-
justment model, this indicates that the market tends to adjust to news
with a lag and the major announcements cause larger shock to the market.
For the 8:1 5 announcements, the impact on price paths is not as obvious
as the 7:30 and 9:00 announcements. The possible reason is that there
are 33 days of the A-sample and 27 days of the B-sample having tbe 8:15
announcements. Therefore, the impact is diluted. The 13:00 announce-
ment—the federal budget-—does not affect the transaction price paths
foreither DMorJY.

The test results for the null hypotheses, FACf - FACP = FACf',
wbere i = 1, . . . . 80. are presented in Figures 1(C) and 1(D) for DM
and JY, respectively. For both currencies, FACj '̂s and FACj 's behave sig-
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nificantly differently in the early trading intervals except during the open-
ing interval (7:20-7:25). This suggests that the market starts to react to
"news noise" five minutes before the major announcement. The signifi-
cant differences between /\-sampIe, B-sample and N-sample lasts till 9:10
for JY and 10:IS for DM. This implies that the market reaction caused
by the announcements has receded by the lunch hour. Figures 1(E) and
1(F) show that FACf is significantly different from FACf' only at the 5-
minute interval following the minor announcements, and that it takes
about 5 to 20 minutes for the market to adjust to the news. Since the
major announcements are identified by Ederington and Lee (1993. 1994)
to move the markets, it is not surprising to find that they have a greater
and more lasting impact on the market than the minor announcements.

Figures I (A) and 1(B) show the time-of-day patterns for FACf's,
FACj s, and FAC; s. FAC; s exhibit an inverse U-shaped pattern across
trading intervals of the day for both DM and JY. To determine whether
the visible intraday patterns do exist, nine'*" trading intervals are selected
for testing whether their mean statistics are equal. They are 7:20-7:25,
7:30-7:35, 8:15-8:20, 9:00-9:05, 10:00-10:05, 11:00-11:05, 12:00-

''By doin(> so, one is able lo minimizf computing time uithoul iosing ntne
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TABLE I

The Average FAC. HO; No Intraday Pattern'

Major Announcement Minor Atmouncenwnt Nonannouncement
A-Santple B-Satnple N-Sample

P-Value r(8) P-Value /^f8) P-Vahie

Deutschemark 1214.8436 0.0000 253.7086 0.0000 314.9809 0.0000
Japanese yen 496.5381 0.0000 88.9079 0.0000 84.4509 0.0000

'Nine intervals are used to test the null hypothesis. They are 7:20-7:25; 7:30-7:35; 8:15-8:20; 9;00-5:05; 10:00-10.05;
11:00-11:05; 12:00-12:05; 13:00-13:05, and 13:55-14:00.

12:05, 13:00-13:05, and 13:55-14:00. As shown in Table I, the null
h^qjotheses of no intraday pattern for FACf s, FACf, and FACj '̂s are
rejected at the 1% marginal significance level. The distinctive intraday
patterns of FAQ "s are mainly caused by the major macroeconomic an-
nouncements. However, one of the factors which causes FACj 's to exhibit
an inverse U-shaped pattern may be the overlapping trading hours be-
tween the U.S., London, and Furopean markets [Ferguson, Mann and
Schneck(1993) Harvey and Huang (1991)]. For the B-sample, both fac-
tors contribute to the intraday patterns of FAC; 's. In any case, the inverse
U-shaped FACf's suggests that the intraday patterns of information flows
are inverse U-shaped when none of the 18 scheduled macroeconomic
news announcements are released.

Tlie Average Ahsolute Value of
Price Changes

Copeland and Galai (1983) show that the presence of informed traders
induces dealers to quote higher bid—ask spread to minimize the loss.
Higher individual dealer s quoted bid—ask spread is likely to cause higher
market spread, ceteris paribus, which, in turn, enlarges the successive
transaction price changes. Therefore, the AAC is expected to be positively
correlated with information trading. From the intraday patterns of the
average FAC's, one expects that the average AAC's will increase after the
announcements and exhibit an inverse U-shaped pattern for the days
without announcements.

The intraday patterns of average AAC's for the A-sampIe (AACf s),
B-sample (AACf s), and N-sampIe (AACj '̂s) are shown in Figures 2(A)
and 2(B} for DM and JY, respectively. Notice that the 7:30 and 9:00
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announcements do enlarge the average AAC, especially, immediately fol-
lowing the major announcements, where AAC'J is the largest for both
currencies.

The test results for the null hypotheses, AAC^ = AACf =
where i = 1, . . . , 80. are presented in Figure 2{C) for DM and Figure
2(D) for JY. The null hypotheses are rejected mostly within two hours of
trading at the 1% or 5% marginal significance level. From Figures 2{E)
and 2(F), it is noteworthy that the differences hetween AACf's and
AACf's are more pronounced and last longer for DM than for JY. This
suggests that the change of dollar/mark exchange rate is more sensitive
to U.S. macroeconomic news than to the dollar/yen exchange rate. Ap-
parently, it takes a shorter time for AACf's to converge to AACJ '̂s than
for FACf's to converge to FACf's. In other words, after one hour of trad-
ing, the enlarged transaction costs caused hy a major announcement van-
ish. The transaction price path, however, is still noisy with trends. How-
ever, for the B-sample of DM, the opposite phenomena are observed. It
takes longer for AACf s to converge to AACf̂ 's than for FACf's to con-
verge to FAC; 's. This suggests that while the minor announcements do
not affect the price path much, they do have a more lasting impact on
transaction costs for DM. These findings suggest that information usually
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TABLE II

The Average AAC. HO: No Intraday Pattern

Major Annonitcement
A'Sample

y'lS) P-Vahie

Miftor Announcement
B-Sam pie

P-Valtie

Nonunnouucement
N-Sample

rl8} P-Vahte

Deutsche mark
Japanese yen

92.7503
123.4553

0.0000
0.0000

30.9011
42.8885

0.0001
0.0000

11.8383
42.9402

0.1586
0.0000

affects both movement of transaction price and magnitude of successive
price changes. But, sometimes, the news effect is only reflected by one
of them.

Since the intraday patterns of the average AAC suggest the intraday
patterns of transaction costs, it is important to know whether these pat-
terns actually exist. Table H shows that the null hypothesis oi equality of
AAC^'s and AACf across the nine trading intervals is strongly rejected at
the 1% marginal significance level for both DM and JY. For the N-sample,
the intraday patterns of AvXCf's are more significant for JY than for DM.
ln fact, for DM, the null hypothesis of no intraday patterns for AAC; 's
can not be rejected at the 10% marginal significance level. Figures 2(G)
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and 2(H) present the replication (in different scale) of Figures 2(A) and
2(B) for the N-sampIe. Here, an inverse U-shaped pattern for /\ACf̂  is
detected for both JY and (less obviously) for DlM. This is further evidence
that intraday information flows and transaction costs are also inversely
U-shaped for the /V-sample.

The Price Ranges

The PR is a measure of both volatility and maximal possible gross proBt''
over a five-minute trading interval. The intraday patterns of average PR's
for the A-sample (PRf's). B-sample (PRf's), and N-sampIe (PRJ '̂s) are
presented in Figures 3(A) and 3(B) for DM and JY, respectively. Notice
that PRf's, PRf"s are between 3 to 7 ticks, which indicates that off-floor
traders generally hold positions longer than five minutes, because oth-
erwise they could not make profits after subtracting transaction costs.'*^
Similar to the intraday patterns of FACi '̂s and AACi^'s, PRf '̂s also exhihit
an inverse U-shaped pattern.

For the A-sample, PRi '̂s for DM are between i and 20 ticks, and for

Maximal ^ross profit per contract fur interval i. equals PRj X $ 12.5.
'^Kolb (I99I) stales ihat lhe Iransactitm cosl of a ruutid turn for an nff-thc-floor trader is aboul $25
(2 ticks) lo S80 (6.4 ticks) per contracl. The Ininsaclion cosl for n floor trader is probahiy less than
$1.
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Japanese yen: 11/01/88-11/05/93.

JY between 3 and 16 ticks. Maximal fluctuation for both currencies oc-
curs at the 7:30-7:35 interval which is right after the 7:30 announcement
time. The large PRf's give traders an incentive to try to predict macro-
economic statistics before they are announced. For example, a wise trader
who buys one DM or JY contract at the five-minute Iow and sells it at the
five-minute high (or vice versa), can, on average, make $250 (for DM) or
S200 (for JY) per contract. This far exceeds all required transaction costs.

The null hypotheses, PBf = PRf = PRi>', where i = 1, . . . , 80, are
rejected at 34 intervals for JY and 38 intervals for DM at the 5% marginal
significance level. Figures 3-(E) and 3-(F) show that the significant dif-
ference hetween PRf's and PRj s is, again, right around the announce-
ment times. This, once more, demonstrates that major announcements
have a greater and more lasting impact on both exchange rate paths than
the minor announcements. Also, for both currencies, intraday patterns
of PRf's, PR?'s, and PRJ^'S exist at the 1% marginal significance level,
which are shown in Table III.

The Nufnher of Price Changes

Following Bagehot (1971), Copeland and Galai (1983) categorize tbe
traders faced by the dealer into two types: the informed traders who pos-
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TABLE III

The Average PR. HO: No Intraday Pattern

Major AnnoitncemeiJt
A-SaiHple

riH) P-Vahte

Minor Announcement
B-Sample

y'{8} P-Value

Noutinnotincenient
N-Sa}nple

r(S) P-Value

Deutsche mark
Japanese yen

645.9425
376.4409

0.0000
0.0000

256.8709
219.5546

0.0000
0.0000

155.4189
126.7222

0.0000
0.0000

CO CO CT) CT> CM CNJ CM CO

Time

FIGURE 4(A)
Deutschemark; I l/Ol/88-l 1/05/93.

sess special information and the liquidity-motivated traders. Holding in-
formation trading constant, the higher liquidity trading in the market is
expected to increase NP without affecting FAC, AAC, and PR. In other
words, the higher NP mainly comes from the higher random arrival rate
of orders. On the other hand, holding liquidity trading constant, the
higher information trading is likely to increase FAC, /\AC, PR, and NP,
because of higher fundamental variances. As Ragehot (1971) observes,
information and liquidity trading are usually negatively correlated. Since
the value of NP depends on both types of trading, the intraday pattern of
the average NP for days without announcements is not obvious. However,
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FIGURE 4(B)
Japanese yen: I 1/0I/8K-11/05/9.?.

the average NP is expected to increase right after the announcements
owing to the drastic increase in information trading which surpasses the
decrease in liquidity trading.

Figures 4-{A) and 4-(R) show that, for both DM and JY, higher av-
erage NP's for the A-sample (NPf s) are recorded throughout the trading
intervals than those for the 6-sampIe (NPf's). and N-sample (NPj^'s). It
is noteworthy that, for the i\-sample of both currencies, NP'̂ o 's higher
than any other NPf '̂s, where i ¥= 80. Recall that, compared with the
average FAC's and AAC's of other trading intervals, FACgo is more neg-
ative and AAC{J() is smaller most of the time. This indicates that the trad-
ing at the end is mainly driven by the liquidity demand of closing out
outstanding positions. Meanwhile, the intraday pattern of NP; 's is not
inverse U-shaped, which suggests that the intraday pattern of liquidity
trading for the N-sample is U-shaped. The high NPJ 's around opening
and closing are attributed to liquidity-motivated portfolio rebalance trad-
ing [Rrock and Kleidon (1992)1, and the high NP;'"s around 9:00 and
10:00 generally comes from the increase in formation trading. For the A-
sample, as expected, NP3 is the largest for both DM and JY. The average
time between price changes immediately following an announcement is
6-8 seconds. On the other hand, for the B-sample, both DM and JY
display two small spikes at 7:30—7:35 and 9:00—9:05 intervals.
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Figures 4-(C) and 4-(D) show that the null hypotheses of equality
between NPf, NP, , and NP; are rejected for most of the trading intervals
at the 1 % or 5% marginal significance level. However, the null hypotheses
of NPj = NP; , where i — 1, . . . , 80, can only be rejected right around
the announcement times which are 7:30, 9:00, and 13:00. This further
shows that the major announcements attract more information trading
than the minor announcements.

As shown in Table IV, for both currencies, the null hypotheses of no
intraday pattern are significantly rejected at the 1% marginal significance
level for the A-sample, B-sample, and N-sample.

CONCLUSIONS

This article presents how the dollar/mark and dollar/yen exchange rates
react to the anticipated U.S. monthly macroeconomic announcements.
Several important findings and conclusions follow.

First, for both currencies, the 7:30—7:35 interval, immediately after
the major announcements, not only has the largest average AAC, NP, and
PR and is the only trading interval with positive average FAC. The impact
of seven major announcements on these four price statistics lasts for at
least an hour. On the other hand, the impact of the other 1 1 minor an-
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TABLE IV

The Average NP. HO: No Intraday Pattern

Major Announcement
A-Sample

•/-(8i P-Value

Minor Announcement
B-Sample

P'Vatue

Nonannoiincemeni
N-Sample

y-(S) P-Vatue

Deutsche mark
Japanese yen

1775.5119
1429.0743

0.0000
0.0000

822.3581
874.0548

0.0000
0.0000

1172.6679
1364.3260

0,0000
0.0000

nouncements is rather short Hved. This indicates that higher information
flows are more likely to be accompanied hy partial priee adjustments,
higher transaction costs, a greater range of price fluctuations (large po-
tential speculative profits), and more intensive information trading. These
findings are intuitive in the sense that scalpers, unlike the NYSE spe-
cialists, have no obligation to make the market. Moreover, unlike the
stock market, every participant in the market knows when important news
is released. If the market is ohviously on one side after the announcement,
the optimal strategy for scalpers is to offer less quantity with enlarged
hid-ask spreads [Lee, MuckJow and Ready (1993)] or even to jump on
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the price trend handwagon [Working (1954)]. Therefore, the transaction
price will change more rapidly and dramatically. In any case, market re-
action to the news will stabilize in two to three hours.

Second, for the A-sample, the higher NP, caused by information trad-
ing after the announcements, also generates higher liquidity trading.
This, in turn, stimulates higher NP at closing time. Hence, as closing
time approaches, the average NP soars even though there is no significant
difference in the other three mean statistics between the A-sampIe and
the N-sample.

Third, for the N-sampIe, intraday patterns for the average FAC, AAC,
and PR are inversely U-shaped, indicating that intraday information trad-
ing and transaction costs exhibit the same patterns.

Leng (1992) finds that DM and JY futures are efficient at the daily
frequency. After observing the significant intraday patterns of the above
four price statistics, one would ask whether the DM and JY futures are
efficient at the intradaiiy frequency. Ederington and Lee (1994) and Ed-
erington and Lee (1995) find that it only takes 50 seconds for JY and 40
seconds for DM to complete the reaction to the initial news release by
focusing on two minutes before and ten minutes after the announce-
ments. Nonetheless, the question whether there is a systematic price ad-
justment pattern at the intradaiiy frequency of whole trading days with
explicitly considering the timing of macroeconomic announcements is
left for future research.
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