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Abstract
Day-of-the-week effects are documented in five foreign currency futures, the German mark, the
Swiss franc, the British pound, the Canadian dollar, and the Japanese yen. Patterns on price volatility and
traded volume are detected which are distinct from the pattern on mean returns. In particular, the
overnight return from Tuesday's closing to Wednesday's opening is significantly higher than overnight
returns in other weekdays while trading returns are the same over different weekdays. On the other hand,
there is evidence that the trading volatility of futures prices is lower on Mondays than the other weekdays,
and traded volume appears to be highest on Tuesdays and lowest on Fridays.

1. Introduction
A number of authors have documented that asset returns are not constant
across days of the week. Early evidence on the so called day-of-the-week effect
has been obtained from studies of close-to-close returns in broad market indices
(see e.g., French [1980], Gibbons and Hess [1981], and Lakonishok and Levi
[1982]). More recently, and in an effort to shed additional light on the pheno
menon, authors have analysed firms of different size (Keim [1984], Keim and
Stambaugh [1984], Rogalski [1984], and Harris [1986a]), and studied intradaily
returns on a stock index (Smirlock and Starks [1984]), and on firm disaggregated
data (Harris [1986a]). In all of these studies asset returns on Mondays are found
to be significantly lower than returns in other weekdays. Lower Monday returns
are found not only in the U.S. stock market but also in returns on treasury bills
(Gibbons and Hess [1981]) and orange juice futures (Roll [1984]), while Jaffe
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and Westerfield [1985] document a different pattern, namely lower Tuesday
returns, for the Japanese and Australian stock markets.
Although interesting, the comparison of mean returns over days of the week
is not complete because it ignores other trading characteristics such as price
(return) volatility and trading volume, which may follow similar daily patterns.
Related work by Fama [1965] and more recently by French and Roll [1985]
documents that equity returns are more volatile during exchange trading hours
than during non-trading hours. Moreover other studies (see e.g. Harris [1986b],
and Grammatikos and Saunders [1986] show that price volatility and traded
volume are positively correlated. However, no study to date has sought to
investigate whether mean returns, price volatility and volume are related in a
day-of-the-week fashion. Hence the first objective of this paper to examine the
characteristics of asset returns when the markets are open and closed, and to test
for day-of-the-week patterns in mean returns, price (return) volatilities and trading volume.
In non-equity markets McFarland, Pettit, and Sung [1982] examine the
distributional characteristics and day-of-the1week effects on a sample of seven
spot and four forward series of foreign exchange price changes. They are able to
reject normality for all series examined and find high price changes on Mondays
and Wednesdays and low on Thursdays and Fridays. Although Jaffe and Westerfield [1985] also find high Wednesday returns for spot exchange rates, they
fail to find high Monday returns. In the only study on futures markets Cornell
[1985] finds evidence that the Monday effect does not exist in the SP500 futures
although it persists in the underlying spot index. Thus, the second objective of
this study is to provide evidence on whether futures on foreign exchange follow
similar patterns with those detected in their spot counterparts by previous
authors.
The rest of the paper is organised as follows: The second section describes
the data and presents distributional characteristics of the returns series. The
third section provides evidence on the day-of-the-week effects on futures' returns
while similar findings for price volatilities are given in section four. The fifth
section presents the results for the traded volume, and finally the last section is a
summary and conclusion.
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The Data and Distributional Characteristics of Returns
The sample consists of daily observations for five different foreign currency
futures traded on the International Monetary Market (IMM): the German mark,
the Swiss franc, the British pound, the Canadian dollar, and the Japanese yen.
Daily observations on high, low, opening, and closing prices, and volume traded
were obtained from the Commodity Systems, Incorporated (CSI), and the Interactive Data Corporation over the period March 1978 - March 1983. Although
most foreign currency futures started trading in 1972, the markets in the early
years were rather thin. Consequently, the period selected has been characterised
by relatively high daily volume in order to minimise potential biases to our
estimators. At any point in time there are four contracts outstanding with delivery in March, June, September and December. In order to avoid using overlapping observations two series are formed: the first consists of data on the
nearby contract (i.e. with maturity between 0 and 3 months), while the second of
data on the next-to-nearby contract (i.e., with maturity between 3 and 6
months). Due to space considerations only the results on the nearby contract are
reported below as those on the next-to-nearby contract were essentially the
same. To control for "delivery complications" those days that fall in the delivery
month are omitted1. Days in which prices hit the limit are also dropped from the
sample. Finally, days following a holiday are dropped from the sample, so that
the calculated returns from Tuesday through Friday are one day returns while
those for Monday are three day returns (from the previous Friday to Monday).
Daily returns are computed as the natural logarithm of the ratio of successive
closing prices. The daily (close to close) returns are then decomposed into trading and non-trading day returns. Trading (close to open) returns are calculated
as the natural logarithm of the ratio of the closing price to the opening price
while non-trading or overnight (open to close) returns are estimated as the
logarithm of the ratio of the opening price to the preceding closing price. Overnight Monday returns are estimated from Monday's opening and (previous)
Friday's closing prices. Table I presents some distributional characteristics on
the above variables.
The mean daily (close to close) and overnight returns are negative reflecting
a general strengthening of the U.S. dollar relative to the five foreign currencies
over the sample period. The ratio of variances between trading and non-trading
(overnight) returns is 86%, 92%, 144% and 54% respectively for the mark, franc,
pound, Canadian dollar and the yen. Since these futures trade for 5 hours per
day (currently from 8:30 to 1:30) the per hour variance during trading hours is
much larger than the per hour variance during non-trading hours. Similar evi-
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Previous studies by Stevenson and Bear [1970], Dusak [1973], McFarland,
Pettit and Sung [1982], and Helms and Martell [1984] among others reject the
hypothesis that commodity price changes are normally distributed. Normality is
tested for our return series using the Kolmogorov-Smirnov non-parametric
goodness of fit test. The last two columns in Table I present respectively the
Kolmogorov-Smirnov Z's and their associated p-values. With the exception of
the daily (close to close) and overnight returns for the Canadian dollar normality
is rejected for all the other cases at the 5% level. This observation prompts the
use of non-parametric tests in the examination of day-of-the-week effects instead
of parametric tests applied by previous authors.
To test whether trading and overnight returns are identically distributed the
Wilcoxon matched-pairs signed-ranks test is applied. This non-parametric test
analyses the differences between the paired observations, also taking into
account the magnitude of the differences.

283

and the Garman and Klass estimators are calculated for each day and so and si,
the standard deviations of so and s? are used for further analysis.
Table V presents the mean (and standard deviation) of the two volatility
estimators over different days of the week. Columns (6) and (7) show the Chisquare and the p-values of the non-parametric Kruskall-Wallis test of equality
across days of the week. Table VI displays the results of the Mann-Whitney U
test of equality between the volatilities of each pair of week days.
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As seen in panel A, Table V, for all currencies the classical volatility estimator appears to be larger on Mondays than the rest of the weekdays and the
evidence is statistically significant for the franc, the pound, and the yen (see
Table VI). Nevertheless, Monday's variance is far from being three times as large
as that of the rest of the weekdays as might be expected since it is estimated over
a three day period.
The Garman and Klass volatility estimator is a better indicator of the "true"
daily trading volatility on Mondays because it is calculated from values observed
on Monday. As seen in panel B, Table V, the Garman and Klass estimator is
uniformly lower on Mondays than the rest of the weekdays. The hypothesis if
equality across the different days is rejected for the franc and the yen while the
Mann-Whitney U test (see Table VI) reveals many statistically significant differences between the volatility on Monday and the volatility on each of the other
weekdays4. Thus Monday's trading volatility appears to be lower than the trading volatility of the rest of the weekdays.

5. The Day-of-the-Week Effect on Traded Volume
Table VII, panel A, displays the mean and standard deviation of the traded
volume over the different days of the week. For all currencies examined traded
volume is highest on Tuesdays and lowest on Fridays. For example, the Tuesday
(Friday) volume is 12%, 16%, 15%, 15% and 14% (10%, 13%, 15%, 13% and
11%) higher (lower) than the average of the four remaining weekdays for the
mark, frank, pound, Canadian dollar and yen respectively. Because of large
variability in the daily traded volume, the Kruskall-Wallis test does not reject the
hypothesis of equality in traded volume across the different weekdays. The
Mann-Whitney U test (see Table VII, panel B), however, reveals that for all
currencies examined traded volume is significantly higher on Tuesdays than on
Fridays5. The high volume on Tuesday may indicate an appropriate positioning
by some traders in view of the expected higher overnight returns from Tuesday's
closing to the opening on Wednesday.

6. Summary and Conclusions
Day-of-the-week effects are documented in five foreign currency futures,
the German mark, the Swiss franc, the British pound, the Canadian dollar and
the Japanese yen. The overnight return from Tuesday's closing to Wednesday's
opening is significantly higher than overnight returns in other weekdays while
trading returns are the same over different weekdays. Moreover, there is evi-
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dence that the trading volatility of futures prices is lower on Mondays than the
other weekdays. Finally, traded volume appears to be highest on Tuesdays and
lowest on Fridays. The high Tuesday volume may indicate positioning by traders to capture the positive overnight return after Tuesday's closing.
Surprisingly the low Monday volatility and low Friday volume are distinct
from the pattern in mean returns and a connection among them is not apparent.
Nevertheless, the study indicates that searching for patterns in volatilities and
traded volume in equity and other asset markets may be a fruitful area for
further research.

Footnotes
1. To avoid delivery, traders close their positions before maturity through reverse transactions. However, because most of the reverse transactions take place in the last trading days, they
may have a disproportionate effect on the futures' trading characteristics.
2. The foreign exchange market is a global market and most of the transactions take place
abroad. Recent studies show that the daily volume of foreign exchange trading in the Tokyo,
London and New York markets has reached $48, $90, and $50 billion respectively (see the Wall
Street Journal 8.20.86, p. 18).
3. An additional parametric test is also performed. The test is a regression model of the
following form:
Return,= b0+bi Trend + b2 Maturity + b3Di + b4D2 + b5D3 + b6D4 + E,
where Di, D 2 , D3 and D4 are dummy variables that take the value of 1 respectively for Mondays,
Tuesdays, Wednesdays and Thursdays. According to this representation the intercept captures the
effect of each day over Friday. The Trend variable, the Maturity variable and the Monday, Tuesday
and Thursday variables are generally insignificant. On the other hand, with the exception of the
Canadian dollar, the Wednesday dummy is significantly positive (at the 5% level) for the overnight
returns.
4. A regression model is also estimated (see footnote 3). The trend variable is significantly
positive (at the 5% level) for all currencies, while the Monday dummy is significant for the mark,
franc, pound and the yen.
5. A regression model is also estimated (see footnote 3). The trend variable and the Tuesday
dummy are significantly positive (at the 5% level) for all currencies, while the rest of the variables
are insignificant.
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