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Abstract

In this study, we formally test for nonlin#ar dependence in four currency futures
contracts traded on the International Monetary Market of the Chicago Mercantile
Exchange, since most prior research studies have reported that financial time series
exhibit nonlinear behaviour. Four nonlinear testing procedures are used. Our initial
findings provide evidence of nonlinear dependence for all currencies; namely the British
Pound (BP) the Japanese Yen (JY), the German Mark (DM) and the Swiss Franc (SF),
each quoted in US dollars per foreign currency unit. As the BDS test rejects the null
hypothesis of i.i.d. while the third moment test fails to reject multiplicative dependence,

this suggests that the nonlinearity occurs in the variance of the process.

Since our results show significant ARCH effects; i.e., that large and small changes in
returns tend to be systematically clustered over time, the study employs the
specifications of conditional heteroscedasticity and finds that Bollerslev’'s GARCH
generalization (1986) of the ARCH process provides a parsimonious model that
represents the data satisfactorily. As a result, further related analyses conducted in the
study make use of similar GARCH procedures throughout. Perhaps the most important
point to emerge from our empirical analysis is the ability of the GARCH (1,1) model to

capture nonlinear dependence in all the series.

Following the procedures laid down by Lamoureux and Lastrapes (1990), we test for
the ‘mixtures of distributions’ hypothesis in which the stochastic mixing variable is
hypothesized to be the rate of information arrival. Our findings on the contemporaneous
relationship between volume and returns are consistent with this hypothesis, indicating
that currency futures pricing appears to be efficient. The study also considers the
informational role of contemporaneous volume with respect to volatility, and our results
in this context show that trading volume contains significant explanatory power over the

conditional variance in the GARCH specifications of the returns series.

The important contribution of this analysis to current research literature is the




confirmation that, for currency futures, trading volume can effectively explain the
conditional variance. Indeed, the GARCH effects diminish in all cases examined and
this finding suppurts that of Lamoureux and Lastrapes (1990) for the stock market.
Moreover, the present study overcomes the problem of the high serial correlation of
volume by replacing it with unexpected volume in the conditional variance, following
the procedure of Bessembinder and Seguin (1993). Using uncorrelated volume
surprises, a similar result of a positive contemporaneous relationship between volume
and return volatility is obtained, albeit with a slightly lower level of significance.

However, the GARCH effects remain significant; i.e., they do not vanish.

Next, we show that lagged uncorrelated volume has a low explanatory power, which
confirms the role of contemporaneous (unexpected) volume, there being none of the
problems of simultaneity in the conditional variance equation that were found by Najang
and Yung (1991) in treasury bond futures. In addition, we report results for subperiods
which are almost identical to those of the full period, indicating structural stability in

the entire sample period.

Finally, our results reveal that in the case of the conditional variance equation, ARCH
effects exist simultaneously with spillover effects from other currencies for the BP and
the DM, but not for the SF or the JY. Also, while the BP and the SF are found to be the
main exporters of volatility to other currency futures, there is no clear evidence that any
currency futures contract imports volatility on a bilateral basis. However, our results
show that the inclusion of a third and fourth contract in the conditional variance equation
reduces the volatility spillover between the first and second contracts, leading to the
conclusion that a common economic effect is responsible to some extent for volatility

interactions.

Vi
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Chapter One

Introduction

1.1 Background to the Study

Futures markets have received considerable attention over the past few years,
particularly given the increase in financial risk in the markets. The development of the
market for financial futures stems from the collapse of the Bretton Woods fixed
exchange rates system in 1971, following which there was a period of unprecedented
volatility in both exchange rates and interest rates. The increase in risk associated with
such volatility had the potential effect of reducing both production and consumption of
commodities leading to welfare losses. As a result, companies and financial institutions
needed better exchange rate and interest rate exposure management techniques in order
to compensate for this increase in risk, which in turn created a need for new financial
instruments such as futures. The International Monetary Market (IMM), part of the
Chicago Mercantile Exchange (CME), introduced currency futures in 1972 in order to
allow companies to hedge against risk. Since then, many futures markets have emerged

around the world functioning similar to the IMM.

Apart from minimizing the problems arising from default risk, futures markets also

provide liquidity in secondary dealing. Risk can be easily shifted from hedger to




speculators who willingly assume the risk in exchange for extra profits, and it is this
-rocess of shifting the unwanted risk which leads to the increased liquidity of the
<, tures market. In the absence of futures markets, the cost of managing this risk would
be higher. However, the market cannot function effectively unless information flows to
the market are efficient. Thus, the effectiveness of the futures market in hedging risk
depends on its own efficiency. It follows that one of the key issues in assessing futures
markets is the extent to which these markets can be considered as efficient. If the
markets are not efficient, then their existence will not alone be sufficient to avoid the
losses which would occur due to the increased financial risk and volatility. Furthermore,

this inefficiency will also bring extra costs.

The market efficiency hypothesis suggests that the current price of an asset in the market
should fully reflect all available information. A market is deemed to be efficient with
respect to an information set if it suggests that it is not possible to make economic
profits using that information set. On the other hand, in an inefficient market, investors
can earn abnormally high returns on their investments by using information which is not
available to the market as a whole. As noted by Fama (1991), market efficiency per se
is not testable; it must be tested jointly with some model of pricing assets. In the case of
the futures markets, efficiency is commonly tested on the basis of a model which implies
that the current futures price should equal the currency spot price expected to prevail at
the expiry date. This implies that the futures price is the best predictor of the eventual
spot price and that the futures price incorporates all relevant information including the
past spot and futures prices. However, if the joint hypothesis is rejected this does not

necessarily imply that the market is inefficient or that the asset pricing model used is

(R




inappropriate (Antonious, 1996). For example, Beck (1994) argues that the hedging
demand by risk-averse agents may in itscit cause th> existence of the risk premium.
Indeed, a further study by Danthin (1978) reports thas, even in efficient markets, the
existence of a risk premium created by the hedging demand of risk averse investors may
violate the simplest hypothesis that the current futﬁres price is an unbiased estimate of

the future spot price.

Based on the above assumptions, numerous authors have examined the role of market
efficiency for various types of futures contract [e.g. Cornell (1981); Chowdhury (1991);
McCurdy and Morgan (1988); Antonious and Holmes (1996)]. Generally, they report
mixed results. The reasons for these mixed results are various, among them being the
different methodologies employed and the sample periods used. But there are also
limitations arising from the assumptions underlying the simple unbiasedness hypothesis.
In particular, a better understanding of the process through which futures prices are
generated is required, taking into account not only the distribution of their returns but

also their time series properties.

With respect to the behaviour of returns in financial time series, it is well known that the
empirical distributions of price changes are usually too leptokurtic to be consistent with
Gaussian populations. As Locke and Sayer (1993) note, this knowledge dates back to the
pioneering works of Mandlebrot (1963) and Fama (1965) on stock returns. Both these
authors found that, in the majority of cases, the empirical distributions of daily price
changes had more observations located around the mean and in the extreme tails than

did a normal distribution. Moreover, this leptokurtosis appeared in spot exchange rates

3




as well as in stock returns [Hsieh (1988); Friedman and Vandersteel (1982)] and
elsewhere. In addition, further studies of stock returns [Hinnich and Patterson (1985).
Akgiray (1989), Blank (1991), Scheinkman and LeBaron (1989), Hsieh (1991)] and
spot exchange rates [Bollerslev (1987); Hsieh (1989a); Krager and Kugler (1993)]
revealed behaviour exhibiting significant levels of second-order dependence and, as
such, they could not be modelled as linear white-noise procedures. An appropriate
explanation for the existence of such behaviour was given in the work on the application
of autoregressive conditional heteroscedasticity (ARCH) models (Engle, 1982) and their
generalized (GARCH) form (Bollerslev, 1986). Nonlinear models of this type allow for
persistence in the variance structure and have been found to provide a good
approximation to return series in various financial markets, as they account in particular

for the tendency of financial returns to cluster together in chronological time.

Among the authors who have employed time-varying variance models in asset markets
are Domowitz and Hakkio (1985); Akgiray (1989); Baldaulf and Santoni (1991). As for
futures markets, the search for nonlinear dependence has also been widespread; the
empirical work of DeCoster, Labys & Mitchell (1991) was among the first to consider
commodity futures, and Blank (1992) provided similar results from a nonlinear

dynamical analysis of the S&P 500 index futures contract.

Following the success in modelling univariate time series using a nonlinear model, the
present study extends to include trading volume in the analysis. The importance of this
factor is widely acknowledged by the fact that trading in asset markets is mainly induced

by the arrival of new information leading to subsequent revisions of expectations by

4




investors. The trading volume therefore can be considered to reflect information about
changes in the expectatici: of investors and their agreement on the pricing implications
(Harris and Raviv, 1993). Indeed, Blaum, Easley and Hara (1994) argue that the role
of volume as a signal of the precision of beliefs means that the volume of statistics
provides information to the market that is not conveyed by the price. Besides trading
volume, residual terms (i.e., financial disturbances) are also now known to have
informational content in that they contribute to explaining the conditional variance
(Najang, Rahman and Yung, 1992). Moreover, this effect may spill over from one
futures contract to another, and is observable in the transmission of volatility. In the
currency futures market, for example, a hedger can take clues from the residuals of the
contract in question (i.e., an ARCH effect) and from other currency futures (i.e., a
spillover effect). It is these recent developments that are the focus of the modelling

approach investigated in this thesis.

1.2 Aims of the Study

The aims of this study are threefold. To begin, we will test for nonlinear dependence in
the returns series for four leading currency futures contracts. As noted above, it is now
widely acknowledged that the linearity assumptions of financial time series are no longer
appropriate. Therefore, as a starting point, this study will adopt several nonlinear testing

procedures which can properly account for the second order moment in the return series.

Secondly, as the results show highly significant GARCH effects in the series, we will

take one step forward by attempting to uncover the source of these effects. Similar




attempts using common stock returns have been made by Lamoureux and Lastrapes
(1990) and Sharma, Mougoué and Kamath (1996) and futures returns hav: been
examined by Najang and Yung (1991) and Fujihara and Mougoué (1997a). In this study,
we will take a similar approach to that of Lamoureux and Lastrapes (1990) and test the
extent to which trading volume explains the GARCH effects found in the currency
futures returns. We will also reexamine the relationship between trading volume and
price variability using GARCH procedures. Two competing hypotheses will be tested,
namely the mixtures distribution hypothesis (MDH) and the sequential information

model (SEQ).

Finally, this study will extend the existing research on spillover effects in several
important ways. Firstly, we will test both mean and volatility spillover using data which
avoids any period when a price limit was imposed as this has affected some prior
research. Secondly, our study will provide a more comprehensive analysis of spillover
effects. More specifically, we will analyse both pairwise and multi-currency spillover
in order to test whether there is a common economic effect in the currency futures return

series.

1.3 An Overview of the Thesis

The thesis is presented in eight chapters. Following this introduction, Chapter Two
presents a theoretical and empirical review of prior research and its purpose is to survey
the body of literature on four major issues related to the thesis: (i) market efficiency; (ii)

nonlinearity in financial returns; (iii) the relationship between trading volume and price
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variability; and (iv) spillover effects. Prior research is discussed not
onlv in the context of the currency futures, but in the wider framework of the equity

mar.  the foreign exchange market and futures inarket.

Chapter Three presents an in-depth discussion of the currency futures éontract in relation
to market microstructures and pricing, starting with a brief outline of the basic features
of market operations and the important characteristics of futures contracts. We go on to
describe the currency futures market, in particular, before reviewing research into the

pricing of such contracts.

Chapter Four presents the data for a relationship between volume and volatility and for
spillover effects, followed by an introduction to the methodological issues arising when
testing for nonlinear dependence, An overview of heteroscedasticity modelling is also

provided, focussing on the GARCH specification.

Chapter Five contains a detailed analysis of autocorrelation and nonlinearity in the four
currency returns series, as well as in the GARCH residuals. Results on a number of

testing procedures for nonlinear dependence are presented.

The empirical results concerning the informational role of trading volume are contained
in Chapter Six. Two competing hypotheses are considered: namely, the sequential
information model (SEQ) and the mixtures distribution hypothesis (MDH). This is
followed by a test of GARCH effects for contemporaneous volume and lagged volume.

and the consistency of the new results is demonstrated for subsamples of the data.




Chapter Seven presents the findings concerning mean and volatility spillover effects.
In order to demonstrate the presence of ceminon ecoii iic effects in currency futures
series, the spillover effects are modelled both on a pai~wise basis and for all four

contracts together.

Chapter Eight gives a summary of the research and the methods employed. In order to
place the results in context and to demonstrate the contribution of this thesis with regard
to the informational role of volume in pricing volatility and its spillover between futures
contracts, the findings of the present study are compared with previously published
results. Finally, the implications of the results for futures trading are discussed and

possible directions for further research into the currency futures market are suggested.




Chapter Two

Nonlinearity, Volatility and Trading
Volume: Theoretical Issues and
Empirical Evidence in Finance.

2.1 Introduction

In this chapter, we explore the early theoretical issues and analyse the empirical
evidence in the futures markets, as well as in the foreign exchange and equity markets,
which influences the work developed in this thesis. Four issues are put forward and
critically evaluated. These are: market efficiency and the assumption of linearity in
Section 2.2; nonlinear dependence in financial returns in Section 2.3: the relationship
between trading volume and price variability in Section 2.4; and spillover effects in
Section 2.5. Selected related literature is reviewed for each of the issues under
discussion in the three different markets. Studies investigating the same issues as well
as other issues related to the currency futures market will, however, be reviewed in

Chapter 3. Finally, Section 2.6 gives a summary of previous findings.




2.2 Market Efficiency Tests and the Assumption of Linearity

The research on the intrinsic value of sect..ity has resulted in a large volume of literature
on modern portfolio theory and capital market theory. The Efficient Market Hypothesis
(EMH) suggests that if the market is regarded as price efficient, investors cannot, in
general, outperform the market since information regarding price is already impounded
in the price itself. Earlier empirical work testing the EMH was based on the random
walk model Fama (1970). Many analyses concluded that stock prices follow a random
walk. However, new evidence which opposes the EMH has been found in recent
studies by Fama and French (1988), Poterba and Summers (1988) and Lo and
MacKinlay (1988). This suggests that stock returns contain relatively large predictable

components.

In the literature on the futures market, the subject of market efficiency has long been
debated. The search for a market efficiency hypothesis for futures markets and foreign
exchange has been based on assessing whether forward or futures rates are unbiased
predictors of future spot rates. Most of the tests conducted in these markets use unit
roots, cointegration and error correction models: for example; Meese and Singleton
(1982), Domowitz and Hakkio (1985), and Baillie and Bollerslev (1989) on the foreign
exchange market; and Lai and Lai (1991), and Antoniou and Holmes (1996) on the
futures market. A market is said to be efficient if the market price fully reflects the
available information so that there is no strategy from which traders can profit

consistently by speculating on the expected futures spot price.
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Testing for Time Varying Risk Premium in Gold Futures

An empirical estimation of the time varyiug risk premium in the gold futures market and
an identification of the factors that may contribute to such a risk premium was the
purpose of the study by Melvin and French (1990). Specifically, the authors examined
whether South African political unrest or oil price movements could affect gold market
participants' perception of the future, thus leading to a change in the premium attached
to futures price quotations. According to risk premium theory, the futures price at time
t for delivery one period forward should be equal to the expected future spot price plus

a time varying risk premium.

Melvin and French (1990) use data from COMEX and the Wall Street Journal (Febuary
1975 to November 1988) on the futures settlement price of a contract 30 days prior to
the last day of trading. The corresponding spot market price on the same day was used
for the spot price observation, yielding one observation per month for each variable.
Data on the spot price were taken from the Data Resource, Inc; daily data tape. A
GARCH parameterization was used to estimate the conditional variance since the

evidence indicated that the spot price forecast error follows an ARCH process.

The results of the author’s estimation showed that South African political unrest and oil
price changes were in fact significant determinants of the conditional variance of spot
price forecast errors. Furthermore, there was evidence of a significant time varying risk
premium in gold futures prices. Thus, the futures price is a biased estimate of the

expected future spot price.
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Testing Market Efficiency Using Cointegration for Four Futures Nonferrous

Metals

Chowdhury (1991) examined the efficient market hypothesis for four nonferrous metals:
copper, lead, tin and zinc, all of which were traded in the London. Metal Exchange
(LME). Specifically, the efficiency of these markets was tested using the recently
developed cointegration theory after accounting for the presence of nonstationarity in the
data series. The author noted that, in the presence of nonstationary series, the
conventional market efficiency statistical testing procedures are no longer appropriate

since they tend to bias toward an incorrect rejection of efficiency.

Futures prices for three-month delivery and the subsequent spot price when the contract
matured were used; specifically the monthly average spot and futures (three months)
prices from July 1971 to June 1988. Sixty-four observations were used for estimation.
The results indicated the presence of nonstationarity in the price for all cases, thus
casting into doubt most of the previous studies that had tested for market efficiency
using the levels of spot and futures prices of these metals. To account for nonstationary
behaviour and to resolve one of the major concerns regarding the previous studies, the
author used the cointegration approach. The empirical results indicated the rejection of
the efficient market hypothesis for the four nonferrous metals; thus, the futures price

appears to be a biased predictor of the subsequent spot price in these markets.

12




Testing the Market Efficiency and Unbiasedness Hypothesis for the FTSE-100

Stock Index Futures

An investigation into the joint hypothesis of market efficiency and the unbiasedness of
futures prices was Carrieci out by Antoniou and Holmes (1996) using UK data. Unlike
previous research, their study tested for both the short- and long-run efficiency of the
FTSE-100 stock index futures contract traded on the London International Financial
Futures Exchange (LIFFE), using cointegration and error correction models. In addition,

variance-bounds tests were developed and employed to test for futures market efficiency.

Quarterly spot values of the FTSE-100 stock index and the FTSE-100 futures contract
prices were used, covering all the futures contracts which expired in the period from
September 1984 to June 1993. The observations related to futures prices were divided
into subsets according to the time to expiration. The results show that the market is
efficient and thus provides an unbiased estimate of future spot prices for a period of one
and two months away from expiration. However, they are not unbiased predictors when
considering three or more months prior to maturity. The reasons, as the authors argue,
could either be due to a positive risk premium or to inefficiencies caused by the fact that
these dates correspond with the dates of the maturity of earlier futures contracts because

stock index futures trade on a three-month cycle.

Another study testing the unbiasedness hypothesis and the existence of a risk premium
was carried out by Kolb (1992) on 29 commodities with 980,800 daily settlement price

observations between 1957 and 1988. In particular, he examined the implications of the
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Keynsian theory of normal backwardation which suggests that futures prices should be
Jower than expected future spot prices due to the presence of a risk premium in futures

pricing which arises because hedgers are risk averse.

Kolb’s results show that, while some commodities allow for normal backwardation in
their pricing, others in fact follow an opposite process, that of contango where futures
prices are consistently higher than expected futures spot prices. As a result, Kolb
concluded that normal backwardation is not a universal feature of futures contracts. In

addition, he inferred that most commodities exhibit no risk premium.

Testing for Unbiasedness Hypothesis in the Foreign Exchange Market

The original work on testing for unit roots in exchange rates was done by Meese and
Singleton (1982). Specifically, they tested for the presence of unit roots in the
autoregressive representations of the logarithm of the spot and forward exchange rates.
The authors argued that the test for unit roots is important because assuming that levels
or differences of exchange rates are stationary can lead to substantially different
conclusions (e.g., testing whether forward rates are unbiased predictors of futures spot
rates). Testing for the presence of unit roots in the autoregressive representation of a

time series amounts to testing whether certain coefficients are unity.

Their data consisted of the weekly series of Wednesday twelve o'clock Swiss franc-
U.S. dollar, German mark-U.S dollar and Canadian dollar-U.S. dollar spot bid rates and

the midpoint of the twelve o'clock bid-ask spread on the three-month forward rates. The
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sample began on 7 January 1976 for all currencies and ended on July 8, July 2 and June
24, 1981 for Switzerland, Canada and Germany, respectively. Using the unit root test of
Dickey and Fuller (1981), the authors found that levels arnd logarithms of foreign
exchange rates do not have stable univariate AR representations (nonstationary). In
addition, the series (In s,_, - In f) for Canada and Germany have stable univariate AR
representations. However, the results suggest the presence of a single unit root in the

series for Switzerland.

Testing for Rational Expectations and Market Efficiency in the Foreign Exchange

Market

Baillie, Lippens and McMahon (1983) were among the first researchers to test for
rational expectations and efficiency in the foreign exchange market. Their hypothesis
was that if the foreign exchange market is efficient in the sense that all available
information is used rationally by risk-neutral agents in order to determine the spot and
forward exchange rates, then the expected rate of return to speculation will be zero.
Thus, under the assumption of rational expectations and risk neutrality, a hypothesis can
be derived in which the forward rate is an unbiased predictor of the future spot rate. This
hypothesis is clearly a joint hypothesis since it includes the assumption of rational

expectations and the assumption that the risk premium for the forward rate is zero.

Using weekly data from the New York foreign exchange market from June 1973 to April
1980 for six different currencies: the British pound, the German mark, the Italian lira,

the France franc, the Canadian dollar and the Swiss franc, the authors first modelled the

15




forward and spot exchange rates as an unrestricted bivariate autoregressive. Then they
tested the null hypothesis that the forward exchange rate is an unbiased estimate of the
corresponding futures spot exchange rate, using a nonlinear Wald test. Their result
rejected the null hypothesis in all cases. These results cast doubt on the assumption made

in many macroeconomic models.

Testing for Time-Varying Risk Premium in the Foreign Exchange Market

The research of Domowitz and Hakkio (1985) relates to the study of Melvin, et.al.,
(1990) on the gold futures market and also to Lai and Lai’s study (1991) on the forward
currency market in that they all examine the existence of a risk premium. However,
Domowitz and Hakkio (1985) are more comprehensive as they examine the risk
premium in the foreign exchange market as a function of the conditional variance of

market forecast errors.

Averages of bid-ask rates obtained from the Bank of America for five foreign
currencies: the British pound (BP), the France franc (FF), the German mark (DM), the
Japanese yen (JY) and the Swiss franc (SF), are used, consisting of 108 nonoverlapping
observations from June 5, 1973 to August 17, 1982 for three variables: the spot rate, the
forward rate and the future spot rate. Since many studies recognize the presence of
conditional heteroscedasticity in the forecast errors of foreign exchange, the authors
model the series based on the ARCH specification of Engle (1982) using likelihood
techniques to obtain efficient estimates. Their results reject the null hypothesis of no

risk premium only for the BP and the JY. Nor is there much evidence that the
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conditional variance of the exchange rate forecast is an important sole determinant of

the risk premiv
Testing Market Efficiency Using Cointegration in the Foreign Exchange Market

Baillie and Bollerslev (1989) carried out research on testing for unit roots in exchange
rates which is closely related to the study of Meese and Singleton (1982). However, they
use different testing procedures and sampling method. Meese and Singleton (1982)
employed Dickey and Fuller’s unit roots test on weekly data but Baillie and Bollerslev
follow Phillips and Perron’s (1988) tests for unit roots on daily series, arguing that these
tests have been robust for a wide variety of serial correlation and time-dependent
heteroscedasticity. Subsequently, the authors tested for cointegration in order to certify
whether there was some long-run equilibrium relationship between spot and forward

rates.

Baillie and Bollerslev employed daily spot and thirty-day forward exchange rate data
from the New York Foreign Exchange Markets for the period between March 1, 1980
and January 28, 1985 constituting a total of 1,245 observations. Their data were the
opening bid prices for the British pound (BP), the German mark (DM), France franc
(FF), the Italian lira (IL), the Swiss franc (SF), the Japanese yen (JY) and the Canadian
dollar (CD). The results reveal strong evidence of the presence of a unit root in the
univariate time-series representation for seven daily spot and forward exchange rates
series. Furthermore, all seven spot and forward rates appear to be cointegrated, thus

supporting the hypothesis that the seven series are in a relationship of equilibrium in the
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long-run. These findings imply market efficiency where there is no systematic
divergence between the futures and spot prices which could profitably ~= exploited b

traders.

Testing for Market Efficiency and Unbiasedness Hypothesis in the Foreign

Exchange Market

Lai and Lai (1991) examined the testing of future market efficiency in a study which is
closely related to the research by Chowdhury (1991), in that both use cointegration
technique. Although both studies accounted for the nonstationarity of data series in their
analysis, they focused on different markets: Chowdhury (1991) examined the futures
markets of four nonferrous metal while Lai and Lai (1991) were concerned with the

forward foreign currency market.

Lai and Lai used the monthly spot and forward rates for five major currencies against the
U.S. dollar: the British pound (BP), the German mark (DM), the Swiss franc (SF), the
Canadian dollar (CD) and the Japanese yen (JY). Each series consisted of 198
observations, taken over the period from July 1973 to December 1989. These data are
nonoverlapping and they are end-of-month observations on the bid spot exchange rate
and the bid one-month forward rate from the International Monetary Market Yearbook
for the 1973-1987 period and from The Wall Street Journal for the 1988-1989 period.
The research findings do not support the unbiasedness hypothesis, which can be
interpreted as a violation of the joint hypothesis of market efficiency and no-risk

premium for all major forward currency markets.
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Testing for the Random-Walk Hypothesis in the Stock Market

The b our of stock-market prices was investigated by Fama (1965). First, he
discussed in detail the theory underlying the random-walk model and then he tested the
model's empirical validity. He noted that the theory of random-walks in stock prices
actually involves two separate hypotheses: first, that successive price changes are
independent and second, that the price changes conform to some sort of probability

distribution.

Fama uses the daily price data on thirty stocks from the Dow-Jones Industrial Average.
The time periods vary from stock to stock but usually run from about the end of 1957
to September 26, 1962 and consist of about 1,200-1,700 observations per sample. The
results of the serial correlation model and the run tests, fail to reject the hypothesis of
random-walks in stock prices. This indicates that successive price changes are
independent and identically distributed random variables which in turn implies that the
series of price changes has no memory; i.e., the past cannot be used to predict futures in

any meaningful way.

Testing for the Random-Walk Hypothesis Using Variance Test Ratio

Poterba and Summers (1988) investigated transitory components in stock prices.
Specifically, they analysed monthly data on real and excess returns from the New York
Stock Exchange since 1926 as well as annual returns data for the 1871-1985 period. The

authors also analysed 17 other equity markets and studied the mean-reverting behaviour
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of individual corporate securities in the U.S.

Using variance ratio tests, they found that stock retu. swed positive serial
correlation over short periods and negative correlation over longer intervals. This
empirical evidence suggests that stock returns, contrary to the random walk hypothesis,
contain relatively large predictable components. These results are in line with those of

Fama and French (1988) and Lo and MacKinley (1989).

Another study testing the random walk hypothesis which was similar to that of Fama
(1965) was carried out by Urrutia (1995), using monthly index prices from the Latin
American equity market of Argentina, Brazil, Chile and Mexico from December 1975

to March 1991.

On the basis of variance-ratio tests, Urrutia rejected the hypothesis of random walk.
However, run tests indicated that Latin American equity markets are weak-form
efficient. These empirical findings suggest that investors might not be able to develop

trading strategies that would allow them to earn excess returns.

2.3 Nonlinearity in Financial Returns

Research in financial economics has found that the distribution of returns is not normal
but leptokurtic. Specifically, the empirical distributions of daily price changes have more
observations located around the mean and in the extreme tails than does a normal

distribution. This leptokurtosis appears in stock returns [Fama (1965); Akgiray (1989)].

20




spot exchange rates changes [Hsieh (1988); Friedman and Vandersteel (1982)] and
elsewhere. The modelling of financial time series has become important because it has
been found that the naive linear stochastic model known as the random walk, which
was generally assumed to be an appropriate model for the return series, is not so.
Further studies of stock returns [Hinnich and Patterson (1985), Akgiray (1989), Blank
(1991), Scheinkman and LeBaron (1989), Hsieh (1991)] and of spot exchange rates
[Bollerslev (1987); Hsieh (1989a); Krager and Kugler (1991)] have confirmed that
nonlinear models are more appropriate. Various nonlinear models have been proposed,
mainly time varying variance models [Domowitz and Hakkio (1985); Bollerslev (1987);
Akgiray (1989); Baldaulf and Santoni (1991)]. However, the self-exciting threshold
autoregressive (SETAR) model, suitable for data which have a time-varying mean has

also been used [Krager and Kugler (1993)].

Over the past few years, the search for nonlinear dependence in financial time series has
become widespread and empirical work has extended to the futures markets [DeCoster,
Labys & Mitchell (1991); Yang and Brorsen (1993); Fang, Lai & Lai (1994)]. Blank
(1992) provides results from a nonlinear dynamical analysis of the S&P 500 index
futures and soybeans futures while Fujihara and Mougoué (1997a) find linear and
nonlinear dependence in petroleum futures. In addition, Fujihara and Park (1990) have
compared various stochastic processes for weekly futures returns and have concluded

that they are best represented by a nonlinear model.
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Testing for Nonlinear Structure in Futures Pricing

DeCoster, Labys and Mitchell (1991) were among the earliest to investigate the
characteristics of futures prices. Specifically, they examined whether there is a nonlinear
dynamic structure and, in particular, a chaotic structure in the behaviour of futures
prices. Chaotic analysis is capable of evaluating whether the process has a deterministic
structure. If this structure can be shown to exist, the implication would be that the
empirical validity of the efficient markets hypothesis, which implies a random walk for

asset prices, is called into question.

Daily settlement futures price data are used for four major commodities traded on
exchanges in New York; i.e., the Coffee 'C' contract, the Sugar No. 11 contract, the
Silver .999 Fine contract and the Refined copper contract. The series for silver aﬁd
copper begin in January 1968, the series for sugar begins in January 1971; and the series
for coffee begins in October 1972. All series end in March 1989 with total observations
in excess of 4,000. These series adopt prices from the contract nearest to the maturity.
The series data are rendered stationary by taking the first difference of the logs of the
price data. Then, using the ARCH (10) model, the transformed series is filtered and the
residuals are saved. The correlation dimension technique of Grassberger and Procaccia
(1983) is estimated for the standardized ARCH residuals. Their results for the ARCH
residuals strongly suggest the presence of nonlinear structure in the data, and this
implies the possibility that profitable, nonlinearity-based trading rules may exist.

However, the test is unable to verify whether the nonlinear structure is chaotic in nature.

22




Closely related to the work of DeCoster, Labys and Mitchell (1991), is the study of
Blank (1992) who attempted to examine the existence of a nonlinear dynamic in
commodity futures markets. In particular, he evaluated the commodity futures markets
using methodology of a nonlinear nature to detect any signs of a deterministic system
underlying prices over time. In doing so, Blank determines (a) whether there is a
difference between chaotic analysis results for cash and financial futures markets; (b)
whether there is a difference between the results for financial futures markets and

agricultural products.

Futures prices for the S&P 500 index and soybeans are used. For each product, daily
closing price data for recent individual futures contracts and nearby contracts are
evaluated. For soybeans, the November 1986 and November 1987 contracts are used.
The data for each contract begins during July of the previous calender year, yielding 337
and 335 observations, respectively. The nearby futures price series is constructed from
the closing prices of the futures contract closest to its maturity date at each point in time
and covers the period from 1966 through 1988, with 5,823 observations. The December
1986 and December 1987 S&P 500 contracts are used. Each contract has 250
observations covering the previous calender year. The S&P 500 nearby series begins in

May 1982 and ends in December 1987, and consists of 1,420 observations.

The GARCH model is first applied to the data series to generate the residuals for the
analysis. This serves as a good filter for studies of chaos. The nonlinear model of
Brock and Sayers (1988) is then tested on the residuals to obtain the estimated

correlation dimension. Blank’s results show that both the S&P index and soybeans
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appear to have chaotic nonlinearities in their underlying generating processes. When the
results for the stock index and soybean futures are compared, similarity is revealed.
However, the results of the stock index are different than those reported in earlier stock
market studies which use cash price data. Both futures markets are shown to have a low
correlation dimension. In particular, the correlation dimension for soybeans is slightly
lower for the nearby series than for the contract series. The statistical tests indicate the
presence of nonlinearities in both markets but estimates of the Lyapunov exponents
suggest that these nonlinearities are deterministic rather than stochastic in nature.
Therefore, the author argues that there is a possibility that short-term forecasting models

may be improved.

Vaidyanathan and Krehbiel (1992) extend the earlier work of DeCoster, Labys and
Mitchell (1991), and Blank (1992). The purpose of their investigation is test for the
existence of nonlinear dependence in the S&P 500 futures mispricing series. They argue
that the presence of nonlinear structure in the mispricing series would be consistent with
a deterministic as opposed to a stochastic explanation. In particular, this study identifies
some aspects of market microstructures that can generate chaotic dynamics in the

mispricing series.

The authors use daily data representing futures mispricing for the S&P futures contract.
computed as the difference between the S&P 500 futures price and the theoretical
forward price, which is expressed as a percentage of the index value. The data starts
with the September 1983 S&P 500 contract and follows the December, March, June,

September cycle with the last series relating to the June 1987 S&P 500 contract. Each
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series has approximately 1,600 observations. The futures contract prices from the nearest
contract at any point is used. The daily interc... ;ate on ¢~ ificates of deposit is used to

compute the theoretical forward and the mispricing seric:

The methodology used is quite similar to that of DeCoster, et.al., (1991) except for the
testing of nonlinearity. Vaidyanathan and Krehbiel employ the BDS procedure of
Brock-Dechert-Scheinkman (1986) to test for independent, identical distribution (i.i.d.)
in the series. The BDS statistic converges to a normal distribution with unit variance;
i.e., N (0,1), which implies that inference based upon the standard normal distribution
is possible. Rejection of the null hypothesis can provide evidence of serial dependence
in the data. The results of the BDS test for the null hypothesis of an i.i.d on the return
series is rejected. To eliminate the possibility of linear dependence, AR is filtered to the
return series and the residuals are then tested for the i.i.d. The results reject the null
hypothesis even though the values of the BDS statistic are reduced. By applying the
ARCH process, the study again tests for the i.i.d. on the standardised residuals. The
results reject the null hypothesis in three out of five cases, implying that the ARCH
process cannot account for all the nonlinearity in the data series. The authors note that
the possibility of a deterministic/chaotic explanation of the data which suggests that

market efficiency is violated in the S&P 500 misprising series.

Yang and Brorsen (1993) test both the GARCH and the deterministic chaos process for
a large sample of daily futures price changes. Their study is similar to those of Blank
(1992) and DeCoster, et.al., (1991) but more comprehensive in that seasonality, day-of-

week and maturity effects are considered simultaneously.
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Daily closing data on 15 commodity contracts actively traded in the U.S. futures markets
are used. Except for wheat (Kansas City) contracts which start trading from February
1979, the other 11 commodity contracts (corn, coffee, oats, soybean, soybean meal.
wheat (Chicago), copper, gold (NY), palladium, platinum and silver) are for the 10 years
from January 1979 to December 1988. The other three commodity contrécts, the NYSE,
the S&P 500 and the Value Line start from January 1984 to December 1988. The authors
argue that using more than 2,500 observations for each commodity (except for the stock
indexes) provides enough degrees of freedom that it seems reasonable to use tests that

are only asymptotically valid.

Using the BDS test, the null hypothesis of i.i.d. is rejected for all return series. Such
findings are consistent with deterministic chaos. Next, using a similar method to the
study of Vaidyanathan, et.al., (1992) in order to eliminate the possibility of linear
dependence, the GARCH model is filtered to the return series and the residuals are then
tested for the i.i.d. The BDS test statistics for the standardized residuals indicate
significant dependence for eight contracts. In two of these cases, the BDS statistic is
negative which is consistent with deterministic chaos. If time series data are stochastic.
the estimated dimensions should have full dimension; that is, equal or very close to the
embedding dimensions. The results show that only silver has an estimated dimension
lower than the embedding dimensions. As for market anomaly, the results show that
volatility does not differ according to the day of the week. The maturity effect is
significant in six cases and a seasonal pattern is revealed for several commodities.
especially agricultural commodities. The authors conclude that these findings provide

strong support for the existence of conditional heteroscedasticity. However, there is no
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conclusive support for or against deterministic chaos.

Fujihara and Mougoué (1997a" test for linear and nonlinear dependence in three
petroleum futures returns. Specifically, they re-test the analysis of market efficiency for
the futures market based oﬁ linear and nonlinear tests for the three energy futures. They
argue that this analysis is useful since in the presence of any dynamics, linear and
nonlinear, conditional densities can provide a better description of short-term price

movements than can unconditional densities.

Daily futures prices for crude oil, heating oil and unleaded gasoline traded at the
NYMEX from December 3, 1984 to September 30, 1993 and consisting of 2,217
observations are used. A single time series is constructed by using the nearby futures
contract until the day prior to its last trading day at which point the data is rolled over
to the next deferred contract. Using the linear model of weak-form efficiency test on the
return series, they find evidence against market efficiency in two out of three cases.
However, the opposite results are found after nonlinear dependence has been accounted
for using BDS tests. The nonlinear behaviour arises solely from the variance of the
process as shown by the third-order moment tests. Fixing GARCH models to the data
can explain both nonlinear dependence and leptokurtosis. A strong GARCH effect is
shown for all three oil futures series. In conclusion, the authors note that the testing and
accounting for nonlinearities is important since this may help improve short-term price

predictability and may also lead to the long-term improvements in investment strategies.
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Testing for Nonlinear Dependence in the Foreign Futures Market

Hsieh (1988) examines the statistical properties of the daily rates of exchange for five
foreign currencies. His main purpose is to discriminate between two competing
explanations of the observed heavy tails of the distribution. One view is that the data are
independently drawn from a fat tail distribution that remains fixed over time, while

another proposes that the data come from distributions that vary over time.

Daily closing bid prices of foreign currencies from the interbank market are used. Five
major currencies are selected which include the British pound (BP), the Canadian dollar
(CD), the German mark (DM), the Japanese yen (JY) and the Swiss franc (SF). The data
consist of 2,510 daily observations from January 2, 1974 to December 30, 1983. The
author finds that the exchange rate changes are not independent and identically
distributed. In addition, the data are independently drawn from a normal distribution in

which the mean and variance change over time.

Hsieh (1989a) extends the previous study, Hsieh (1988) by examining whether changes
in the five foreign exchange rates exhibit nonlinear dependence. Specifically, the author
employs methodology proposed by Brock, Dechert and Scheinkman (1986) to test
directly for nonlinear dependence and to distinguish between different types of
nonlinearity. As noted by the author, there are two possible explanations of the nonlinear
dependence in the exchange rate changes series: first, that they are purely deterministic
processes that look "random" and second, that they are nonlinear stochastic functions of

their own past.
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Daily closing prices of five foreign currencies in terms of the U.S. dollar from the
interbank market provided by the University of Chicago Center for Research on Security
Pric:+ are used. They include: the British pound (BP), the Canadian dollar (CD), the
German mark (DM), the Japanese yen (JY) and the Swiss franc (SF), and total 2,510
observations from January 2, 1974 to December 30, 1983. The results demonstrate that
daily exchange-rate changes are not independent of changes in the past. Although there
is little linear dependence in the data, the BDS test and autocorrelations of squared data
detect strong nonlinear dependence. Evidence from the third-order moments indicates
that nonlinearity enters through variance rather than through means. The findings are
consistent with the presence of conditional heteroscedasticity. Further investigation
suggests that a generalized (ARCH) model can explain a large part of the nonlinearities

for all five exchange rate changes.

Estimating ARCH and GARCH Models in the Foreign Currency Market

Hsieh (1989b) study estimates autoregressive conditionally heteroscedastic (ARCH) and
generalized ARCH (GARCH) models for five foreign currencies. He also examines the
ARCH and GARCH specifications as well as the number of nonnormal error densities
and the comprehensive set of diagnostic checks for each methods. Although the ARCH
and GARCH models have been found to be successful in accounting for most of the
heteroscedasticity of exchange-rate data in many studies, Hsieh points out that none have
conducted a thorough investigation to identify properly the type of heteroscedasticity in

the data-generating process.
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Hsieh examines daily closing-bid prices of five currencies in terms of the U.S. dollar:
the British pound (BP), the Canadian dollar (CD), the German mark (DM), the Japanese
yen (JY) and the Swiss franc (SF), from 1974 to 1983, totalling 2.510 observations. The
data are from the University of Chicago Center for Research on Security Prices. Hsieh’s
results show that the GARCH (1,1) and exponential GARCH (1,1) are extremely
successful at removing conditional heteroscedasticity from daily exchange-rate
movements. Goodness-of-fit diagnostics indicate that EGARCH with certain non-normal
distributions fits the Canadian dollar extremely well and the SF and the DM reasonably

well. However, only one model fits the J'Y reasonably well and none of them fit the BP.

Kriger and Kugler (1993) study the non-linearities in foreign exchange markets over
the last ten years and estimates self-exciting threshold autoregression (SETAR) models
for five foreign currencies using weekly data. Their study is motivated by the conjecture
that the system of managed floating which prevailed in the 1980s, leads to different

behaviour of moderate and large exchange rate changes.

Weekly data series are examined for five currencies against US dollar from June 1980
to January 1990, totalling 500 observations. These currencies are the German mark, the
French franc, the Italian lira, the Swiss franc and the Japanese yen. The results show
that, in all cases, threshold effects are found to be statistically significant. However,
when the BDS test is applied to the SETAR residuals, it shows some misspecification
of the models. Similar results are obtained when the standard GARCH model is applied
to the data. The authors conclude that neither the SETAR nor the GARCH model

provide a convincing framework for describing non-linearities of exchange rate data.
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Brooks (1996) also tests for non-linear dependence in the sterling exchange rates using
a set of 10 daily sterling exchange rates covering the entire post Bretton-Woods era until
the present day. He suggests that the evidence of non-linearity in financial time series
may improve in the short term by switching from a linear to non-linear modelling
strategy. He examines daily mid-spot exchange rate data series, denominated in pound
sterling from January 2, 1974 to July 1, 1994, for the Austrian schilling/pound, the
Canadian dollar/pound, the Danish krone/pound, the French franc/pound, the German
mark/pound, the Hong Kong dollar/pound, the Italian lira/pound, the Japanese
yen/pound, the Swiss franc/pound and the US dollar/pound. Using the nonlinear tests
of BDS, Tsay, RESET, Engle and White, Brooks finds, on the whole, that the null
hypothesis of linearity is rejected by all the tests, in almost all of the series. Moreover,
most of this nonlinear dependence can apparently be explained by reference to the

GARCH family of models.

Testing the Behaviour of Stock Prices

Akgiray (1989) published new evidence about the time-series behaviour of stock prices.
Many previous studies on stock prices assumed dependence and linearity in the return
generating process for the series. However, he challenged these common assumptions
noting that there seems to be no compelling theoretical reasons for accepting either

assumption.

He uses data from the Center for Research in Security Prices, consisting of 6,030 daily

returns of value-weighted and equal-weighted indices covering the period from January
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1963 to December 1986. The sample is divided into four different periods of 6 years
each and each period as well as the entire period is analysed separately. The author
discovers that the daily time series exhibii significant levels of second-order dependence
and that they cannot be modelled as linear white-noise processes. Moreover, the return
generating process is empirically shown to be a first-order autoregressive (AR1) process
with conditional heteroscedasticity innovations. In particular, the generalized

autoregressive conditional heteroscedasticity GARCH (1,1) processes fit the data well.

Testing for Nonlinearity in the Stock Market

The Scheinkman and LeBaron (1989) study examines the new technique of algorithms
used to distinguish between random systems and deterministic systems and specifically
uses this technique to detect the detect nonlinearity departures from random-walk
behaviour in U. S. stock returns data. In addition, the Brock, Dechert and Scheinkman

(BDS) procedures are used to test for nonlinearities.

Daily returns on the value-weighted portfolio from the Center for Research in Security
Prices, totalling 5,200 observations are used. The authors also construct the weekly
returns series which they argue are less noisy since these are not sensitive to weekend
effects. Before applying the BDS test, the return series is first filtered through the linear
models to make sure that linear effects have been removed. The resulting residuals are
then tested for i.i.d. using BDS procedures. The results indicate the presence of
nonlinearities in weekly returns. In addition, the results of the Brock test show a

deterministic system in the return series.
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Hsieh (1991) carried out a similar study to detect chaotic and nonlinear behaviour in
the stock market. His interest in the subject reflects increased interest in both the
financial press and academic literature following evidence that the frequency of large

moves in stock markets is greater than would be expected under a normal distribution.

The author applies the BDS test of i.i.d to weekly stock returns data from 1963 to 1987,
obtained from the Center for Research in Security Prices. His results strongly reject the
hypothesis that stock returns are i.i.d. The cause does not appear to be chaotic dynamics
but, rather, conditional heteroscedasticity. Another observation is that the ARCH-type
models do not fully capture the nonlinearity of stock returns and this contradicts the

findings of Hsieh, (1989a) on foreign exchange rates.

Exploring the Nature of Nonlinear Dynamics in Stock Market

Booth, Martikainen, Sarkar, Virtanen and Y1i-Olli (1994) extend the work of previous
studies on nonlinear dependence by exploring the nature of the nonlinear dynamics (e.g..
Hsieh, 1991). In particular, they use Grassberger-Procaccia correlation dimensions to
test whether returns in the Finnish stock market, during the 1970s and 1980s, were

generated by a chaotic process.

The authors use daily data from the Finnish Stock Index (HSI), a value-weighted index
consisting of 134 stocks, beginning on the first trading day in January 1970 and ending
on the last trading day in December 1989. The sample is split into two consecutive 10

year periods. The results exhibit significant nonlinear dependence of non chaotic form
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in both periods. A simple GARCH model removes most of the nonlinearity which
contra  ts the tindings of Scheinkman and LeBaron (1989) for US stock returns but
supports Hsieh's (1591) contention that US stock returns are not chaotic and that the

observed nonlinearities are effectively removed by GARCH processes

Testing Nonlinearity Using High Frequency Data in the Stock Market

Abhyankar, Copeland and Wong (1995) use high frequency data to test for the presence
of nonlinear dependence and chaos in real-time returns on the U.K. FTSE-100 Index.
The authors employ a larger size sample in order to have a greater potential for
observing the microstructures effect as well as an increase likelihood that the underlying

process has remained stationary over the sample period.

The data consist 60,000 minute-by-minute real time returns on the UK FTSE-100 Index
of stocks quoted on the London International Stock Exchange over the period from
January 4, 1993 to June 30, 1993. Using the BDS test for i.i.d. and the Lyapunov
Exponent test for chaos, the results show clear evidence of nonlinear dependence in the
series. There is little evidence to support the view that the process is chaotic. The authors
also test the residuals from a GARCH process fitted to the data, to ascertain whether the
nonlinearity can be explained by this type of model. Their results suggest that GARCH

can explain some but not all of the observed nonlinear dependence.
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2.4 The Relationship Between Trading Volume and Price Variability.

It has been widely accepted and well documcited 1n the literature that GARCH models
provide a good fit for exchange rates and currency futures.' In the present study, we will
also examine whether ARCH effects disappear when volume is included as an
exogenous variable in the conditional variance equation. It has been suggested that time-
series dependencies in information flows induce the documented ARCH effect. Indeed,
Lamoureux and Lastrepes (1990) have shown that ARCH effects tend to disappear
when volume is included in the variance (other early empirical studies include Epps and
Epps, 1976; Smirlock and Starks, 1985; Karpoff, 1987). As for the futures market, there
is a growing body of literature which examines this relationship, including studies by

Clark (1973), Tauchen and Pitts (1983), Cornell (1981), Foster (1995) and others.

There are two leading models which can provide explanations of the above finding
concerning information arrival for the observed correlation between price variability and
volume. The first model which is referred to as the Mixture of Distribution Hypothesis
(MDH), was proposed by Clark (1973) and later extended by Harris (1986). It suggests
that there is a positive contemporaneous relationship between these variables. In the
framework of MDH, when new information arrives, trading increases as the investors
revise their expectations. This implies that trading volume and prices change

synchronously in respond to new information.

Studies include Hsieh (1989a) and Laux and Ng (1993) among others.
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The second model, referred to as the sequential information arrival hypothesis (SEQ),
was provided by Copeland (1976) and followed by Smirlock and Starks (1988). In this
model, the new information is not transmitted to all traders in a single day. Instead, the
new information reaches one trader at a time. Consequently, each individual trader’s
transaction in response to a given signal represents one of a series of incomplete or
intermediate equilibria prior to the final complete information equilibrium, unlike the
MDH where the final equilibrium is obtained immediately. In other words, trading
occurs in sequence only after information is received by each trader. The primary
implication of SEQ suggests that price variability is potentially forecastable given

knowledge of past trading volume and vice versa.
Examining Contemporaneous Volume-Price Relationship in the Futures Market

Clark (1973) was among the first to investigate the volume-price variability relationship
in the futures markets. He developed a model which argued that the daily price change
was the sum of a random number of within-day price changes. Thus, the variance of the
daily price change is a random variable with a mean which is proportional to the mean
number of daily transactions. Clark argues that the trading volume is related positively
to the number of within-day transactions and so the trading volume is related positively
to the variability of the price change. If trading volume is not related to the speed of
evolution, there should be no correlation between these variables. In other \.vords, his
hypothesis implies that trading volume and prices change synchronously in response to

new information.
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Clark uses daily data on price and volume for cotton futures from 1945 to 1958,
excluding the Korean War pe+ January 26, 1951 to March 23, 1951). The series are
divided into periods of 1,000 " .ations each. Sample 1 is from January 17, 1947 to
August 31, 1950, while Sample 2 is from March 24, 1951 to Febuary 10, 1955. Simple
linear regression results in a positive relationship between the aggregate volume and the
square of the price change, suggesting that trading volume as an appropriate proxy for

speed of evolution.

Cornell (1981) also investigated the relationship between the volume of trading and
price variability for futures contracts daily data from the Center for the Study of Futures
Markets at Columbia University. His sample began on January 1, 1968 and ended on
May 1, 1979 except for gold which began on January 1975 for the COMEX and on
March 1 for the International Monetary Market of the Chicago Mercantile Exchange.
Altogether he selected 18 commodities from those that were actively traded on the major
U.S exchanges during that period. The data consisted of daily observations on the
settlement prices for all outstanding contracts on each commodity and also aggregate

figures, across the contracts, on volume and open interest.

Using simple linear regression, Cornell found a significant positive contemporaneous
correlation between the changes in average daily volume and the changes in the standard
deviation of daily log price relatives for 14 of the 18 commodities in the sample. For the
other four commodities, the correlation was also positive though insignificant. In
addition, a pooled time series and cross-sectional regression showed that the

contemporaneous correlation between the two variables was significant at the 1 percent
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Jevel. Conversely, the correlations between changes in price variability and lagged

changes in volume were insignificant.

A study by Tauchen and Pitts (1983) is very similar to the earlier studies of Clark (1973)
and Cornell (1981). Their research focuses on the relationship between the variability
of the daily price changes and the daily volume of trading on the speculative markets.
They extend the previous work on the theory of speculative markets in two ways. First,
they derive from economic theory the joint probability distribution of the price change
and the trading volume over any interval of time within the trading day. Secondly, they
determine how this joint distribution changes as more traders enter (or exit from) the
market. According to the model, if the number of traders is fixed, then the model
predicts that the distribution of the daily price change is leptukurtic and that the square
of the daily price change is positively related to the daily trading volume. If the number
of traders is growing, then the model predicts that the mean trading increases linearly
with the number of traders. Also, the variance of the price change decreases with more

traders.

The authors employ daily data on price change and trading volume for the 90-day T-Bill
futures contracts traded at the Chicago Mercantile Exchange (CME), a total of 876
observations beginning from January 6, 1976 and ending on June 30, 1979. The price
data are aggregate for different delivery dates and are expressed in thousands of dollars.
The trading volume is the total for all contracts and is expressed in thousands of

contracts.
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Using maximum likelihood to estimate the parameter, for a fixed number of traders, the
daily © =me and the square of the price change are positively related. However, as
number of traders increases, the mean daily volume increases while the variance of the
price change decreases. In conclusion, the author’s results seem to reconcile conflicting
findings between the price variability-volume relationship for this market and the

relationship obtained by previous researchers for other speculative markets.

Price-Volume Relationship and Cointegration

Malliaris and Urrutia (1998) extend previous research on the relationships between
price and trading volume, and the determinants of trading volume. In doing so, they
postulate several hypotheses and test them using agricultural commodity futures
contracts. Augmented Dickey and Fuller tests of stationarity, tests of cointegration, and
error correction methodology are used to test four hypotheses. They are time-series
properties of price and volume of trade; short-term and long-term relationships between
price and trading volume; the changes in trading volume over time depend on three
factors: time, price and volatility of price; the volatility of trading volume as a function
of price volatility. They use corresponding daily prices and trading volume from January
2, 1981 through to September 29, 1995, for six agricultural commodity futures

contracts: corn, wheat, oats, soya beans, soyabean meal and soybean oil.

For the first hypothesis, the time series of price and trading volume are found to be non-
stationary in levels but stationary in growth; that is, they are integrated in order 1, I(1).

Because in the second hypothesis the two variables are cointegrated, there is causality
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in the Granger sense between price and volume of trade in at least one direction. Thus,
price and trading volume are interrelated in the long run as weil as in the short run. The
third hypothesis is confirmed only for price variability; i.e., trading volume is a function
of price variability. For the fourth hypothesis, the authors find that price volatility is a
determinant of both trading volume and the volatility of trading volume, confirming

previous results of Cornell (1981) and Garcia, Leuthold and Zapata (1986).

Malliaris and Urrutia conclude that the strong relationship between price and trading
volume highlights the relevance of trading volume and offers support to technical
analysis. Furthermore, the evidence of long-run relationship between the variables
should help hedgers, who hold positions in the futures markets much longer than

speculators.

Examining the Lead-Lag Volume-Price Relationships Between Trading Volume

and Price Variability in Commodity Futures Market

Garcia, Leuthold and Zapata (1986) examined the lead-lag relationships between trading
volume and price variability for selected contracts of corn, wheat, soybeans, soybean
oil and soybean meal during 1979 and the early 1980s. These five agricultural
commodities are traded on the Chicago Board of Trade. The daily data used are for each
contract and are differenced and subdivided into three periods of approximately four-

months' length with roughly an equal number of data points in each group.

The methodology used to examine lead-lag relationships follows the approach suggested
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by Granger (1969). This linear causality model assumes that the series are generated by
a stationary stochastic process with a constant variance. In addition, the authors use two
different methods to measure price variability: first, the percentage change in daily
closing prices (PCCP) and second, the adjusted price range (ADIJR), which is
constructed by adjusting the range if today's low price exceeds yesterday's close when
prices are increasing or if today's high price is less than yesterday's close when prices are
decreasing. As for volume, the daily volume relative to the level of open interest

(VOL/OI), was used.

The authors find eighteen lead-lag and two feedback relationships using PCCP , and
seventeen lead-lag and three feedback relationships using ADJR. In addition, with
PCCP, price variability leads volume more frequently than volume leads price
variability. However, with ADJR, the results are reversed; i.e., volume leads price
variability more frequently that price variability leads volume. As for the composition
of lead-lag relationships by commodities, both show a higher proportion of leads and
lags in the soybeans, soybean oil and soybean meal than in the other two commodities.

This may reflect the more volatile nature of soybeans.

In conclusion, the authors argue that in general there is no clear pattern in the
relationship or in lead-lags and price trends, a finding consistent with that of Cornell
(1981) and with the assumption made by Tauchen and Pitts (1983). This suggests that

redictine price movements from past changes in price and volume is not very reliable.
P gp p p ry
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Size and Maturity as a Function of Price-Volume Relationship in the Oil Futures

Market

Foster (1995) was among the first to investigate the dynamic relationship between
trading volume and price variability in the oil futures markets. He extends the previous
study of this relationship by raising two more related issues: first, whether the level of
trading differs with the direction of price movements and, secondly, whether the size

or maturity of a futures market affects its volume-volatility relationship.

His data are daily closing prices for a roll-over of nearby futures contracts written on
Brent crude and WTI crude from the IPE and NYMEX, respectively, together with their
corresponding daily trading volumes over a period from the January 1990 contract to the
June 1994 contract for both Brent and WTI contracts. A third sample of WTI futures
covers the period from the January 1984 contract to the June 1988 contract. He makes

comparisons of the volume-volatility relationship with respect to market maturity.

Two conflicting theories on testing for the price-volume relationship are discussed.
These are the sequential information model (SEQ) and the mixture of distribution
hypothesis (MDH). The SEQ model hypothesizes that traders in a market receive new
information in a sequential, random fashion. On the other hand, the MDH provides a
model which implies a positive relationship between volume and price variability with
the relationship being a function of the directing (or mixing) variable, defined as the rate

of information arrival.
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Using the GARCH model and the generalized method of moments (GMM) model, the
author finds that volume and volatility are largely contemporaneously related and poth
driven by the same factors, assumed to be information. In addition, volume variables are
significant in the GARCH models but are numerically small and have a negligible
impact on the GARCH coefficients, suggesting that the volume is not an adequate proxy
for the rate of information flow. The study also finds that trading volume and the
dispersion of price changes are symmetric. Therefore, it is not expected that the level of
trading volume is affected by the direction of price changes. The implication of these
findings is that oil futures do not react directly to the sign of a price change. Finally,
using the GMM model, Foster finds evidence from the NYMEX- WTI contract that as
markets become larger and more liquid; i.e., mature markets, their informational

efficiency and volatility increases.

Testing Macro and Microeconomic Variables-Volume Relationship in the Metal

Futures Market

Martell and Wolf (1987) investigate the relationship between the level of activity
(trading volume) and macro- and microeconomic variables instead of the volume-price
relationship. Specifically, they expand the variables and empirically examine the
determinants of volume in metal futures markets. Daily and monthly data for the active

nearby contract month from January 1, 1976 to December 1, 1982, are used.

The daily settlement prices are taken from most recent twenty trading days and the

monthly settlement prices are from the average per day. Macro- and microeconomic
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variables are taken from several sources. The S &P Stock Index is used as a proxy for
market perforinance and the Treasury Bill rate represents risk free interest while the rate
of unemploymert and the Consumer Price Index measure the level of activity in the real
market and the price levels, respectively. Using a linear regression, the authors find that
all the variables used explain the trading volume satisfactorily for both daily and
monthly data sets. In contrast to previous research, they show that volume is a function

of more than one variable.

Testing for Intradaily Price Variability and Volume Relationship in the Bond

Futures Contracts

Watanebe (1996) was among the earliest to examine the relationship between price
volatility and trading volume using high frequency data. His data set consists of a 5-
minute return and trading volume for Japanese Government Bond (JGB) Futures
contracts that expire in March and June 1995. The sample period is from March 3, 1995
to May 3, 1995 and the trading volume is the sum of the contracts that expire in March
1995 and June 1995. After omitting data when trading is zero, the observations total

3,234.

Based on the mixture-of-distribution hypothesis, the author first sets up a model in
which price volatility and log volume are jointly determined by a single latent common
factor. Using a quasi-maximum likelihood procedure via the Kalman filter, the model
is then fitted to data. He finds that the common factor is not persistence and that there

are highly persistent noises, providing evidence for the misspecification of the mixture-
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of-distribution hypothesis. In addition, using the VAR model as a comparison, the author
finds evidence of bi-directional causality as well as simultaneous causality between
volatility and volume. He concludes that the presence of signiiicant causality from
volume to volatility suggests that high-frequency trading volume data may provide

useful information for financial risk management.

Testing for Volume-Price Variability and the GARCH effect in Treasury Bond

Futures Markets

Najang and Yung (1991) investigate two main issues. First, they reexamine the
distributional properties of futures price movements. Secondly, they investigate the
relationship between volume and price variability, and the GARCH effect in Treasury
Bond futures markets. They employ the GARCH specification which is more appropriate
than the standard statistical model because it is consistent with the return distribution

which exhibits leptokurtosis.

Daily closing prices and the volume data for Treasury Bonds between January 1984 and
August 1989 from the Chicago Board of Trade (CBOT), are used. The analysis is
performed on the entire period and on each calendar year. The authors find that the
returns process of Treasury Bond futures can best be described by a GARCH (1,1)
model. Subsequently, when contemporaneous volume is included in the GARCH
specification, they find a positive price variability-volume correlation for only 1986 and
1988. However, the GARCH coefficients are statistically significant for the overall

period as well as for each calender year. When, instead of contemporaneous volume,
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lagged volume is included in the GARCH specification to account for simultaneity
problems, there is evidence of a positive price variability-volume correlation for the
overall period and for most of the subperiods. The authors conclude that in the presence
of simultaneity problems, lagged volume is a good instrument for contemporaneous
volume in .the GARCH specification. Furthermore using volume may help to explain

the volatility of Treasury Bond futures despite the persistence of past volatility.

Testing the Returns-Volume Relationship Using Linear and Nonlinear Granger

Causality in Petroleum Futures Contracts

Fujihara and Mougoué (1997a) have been the first to study the relationship between
returns and trading volume in the futures market employing the nonlinear Granger
causality test. They examine the relationship between returns and trading volume for
three petroleum futures contracts. Using daily data for futures prices and trading volume
for crude oil, heating oil and unleaded gasoline traded on the NYMEX from December
3, 1984 to September 30, 1993, they first employ the VAR model to test for linear
causality between returns and volume. Their results show that returns and volume have
no predictive power for one another. As substantiated by Baek and Brock (1992), linear
causality tests generally have low power against nonlinear relationships and, therefore,

fail to detect useful nonlinear relationships between price variability and trading volume.

However, since the distribution of the returns and volume series show some evidence
of nonlinear dependence, Fujihara and Mougoué employ a nonlinear causality model.

In doing this, they first filter for linear dependence through the use of the VAR process.
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Next, a nonparametric test statistic based on the correlation integral is employed. The
nonlinear causality test results reveal a significant bidirectional nonlinear causal
relationship between the filtered returns and the volume series. Then, since the third
moment test on the returns and volume series shows that nonlinear dependence arises
solely from the variance, the authors filter the series using GARCH specification. The
results still show strong evidence of bidirectional nonlinear Granger causality which
suggests that the nonlinear process may influence both the mean and variance of futures
returns and volume. The authors conclude that the strong nonlinear causal relationships
found between petroleum futures and trading volume imply that knowledge of current

trading volume improves the ability to forecast futures prices.

Examining Exchange Rates-Unexpected Change Relationship in the Foreign

Exchange Market

A study by Frenkel (1981) analyses the key issues and the lesson taken from the
experience with flexible exchange rates during 1970s. Specifically, he analyses the
efficiency of the foreign-exchange market and the volatility of exchange rates as well
as the relationship between exchange rates and unexpected changes in interest rates, a
proxy for "news." As is widely known, the foreign-exchange market is efficient if

current prices reflect all currently available information.

Data on the British pound (BP) and the German mark (DM) obtained from the
International Monetary Fund (IMF) are used; namely, spot exchange rates (for end-of-

month rates) and forward exchange rates (end-of-month bid prices for 1-month
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maturity) for the period from June 1973 to June 1978. The interest rates are 1-month
Eurocurrency rates obtained from the Weekly Review, corresponding to the last Friday
of each month. Using linear OLS, the author finds that, in general, the behaviour of thz
foreign-exchange market during the 1970s is consistent with the efficient market
hypothesis. In addition, the "news" is found to be a major factor influencing changes in
exchange rates, suggesting that exchange-rate changes are dependent on unexpected

changes in the rates of interest.

Mussa (1982) examines the exchange rate as an asset price that depends on expectations
concerning exogenous real and monetary factors that will affect relative prices and
absolute price levels. He develops an integrated model of exchange rate changes by
taking the exogenous factors of expected and unexpected changes as a proxy for new
information. The author explains that the expected change is the systematic and
predictable component of change which contradicts prior beliefs concerning real and
monetary changes affecting the exchange rate. Unexpected change, on the other hand,
is random and unpredictable and reflects new information concerning real and monetary

factors that determine the exchange rate.

In general, the results of theoretical analysis of the effect of economic policy on the
exchange rate show that the rate responds not only to the current policy action of the
government (the expected) but also to the effect which a given action has on

expectations concerning future policy (the unexpected).
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Examining the Bid-Ask Spread-Volume Relationship in the Foreign Exchange

Market

Bassembinder (1994) examines the relationship between the bid-ask spread and the
trading volume in the wholesale foreign exchange markets. He is interested in assessing
this relationship because it has been shown that volume is highly correlated and can be

forecast to a substantial degree.

A set of daily spot and six-month forward currency quotations at the close of London
trading from January 1979 to December 1992, is used. These are ask and bid quotes
obtained from Reuters for the British pound (BP), the Swiss franc (SF), the German
mark (DM) and the Japanese yen (JY). Because of the lack of a comprehensive database
on trading volume in the wholesale foreign exchange market, Bassembinder follows the
procedure of Glassman (1987), using currency futures trading volumes as instrumental
variables for spot volumes. First, the author applies an ARIMA(10,1,0) specification to
decompose futures trading volume into forecastable and unexpected components. Then.
using the generalized method of moments (GMM), the coefficients are estimated. His
results show that both the forecastable and the unexpected trading volume have
heterogeneous effects on the bid-ask spread. For each of the four currencies, the

estimated coefficient of unexpected trading volume exceeds the forecastable volume.
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Examining the News Events-Exchange Rates Relationship Using High Frquency

Data in the Foreign Exchange Mark~*

Goodhart, Hall and Pesaran (1993) investigate the response of short-term movements
of exchange rates to news events ‘using an extremely high frequency data set. In
particular, they examine the effects of news events within a GARCH-M framework
where news may potentially affect either the level or the variance of the sterling-dollar
rate. In allowing for the effects of news, they focus on two specific news events: the
announcement on Wednesday 17 May of the US trade figures, and the one percent rise

in UK base interest rates on Wednesday 24 May.

A continuous time-series of ask/bid prices quoted on the Reuters FXFX page for the
sterling-dollar rate over the period Sunday 9 April to Monday 3 July 1989, totalling
130,000 observations over an 8-week period is used. The results show that news can
affects the level of the exchange rates, suggesting that the level of the exchange rate is
a stable as opposed to a random walk process (since the lagged t-1 is significant). When
the effects of news is allowed to enter the conditional variance, similar results are
obtained. In addition, the parameter of the GARCH process changes dramatically from

one very close to integration to one which is clearly stable.

Testing for Incoming Quote-Price Variability Relationship Using Intradaily Data

in the Foreign Exchange Market

A study by Takezawa (1995) is closely related to that of Goodhart, et.al., (1993); both
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use high frequency data of intradaily foreign exchange rates to investigate the impact of
information or news on volatility. However, each uses a different proxy for information
While Goodhart, et.al., (1993) use a news announcement on US trade and UK interest
rates, Takezawa employs an incoming quote as the regressor in the conditional variance
(GARCH) equation. As he notes that, since volume data are not available for FOREX,
the number of incoming quotes can be used a proxy for potential trading and thus for

information flow.

Hourly data for the period from January to August 1993 for five foreign exchange
currencies: the British pound (BP), the German mark (DM), the Canadian dollar (CD),
the Japanese yen (JY) and the Swiss franc (SF) are used to test whether lagged
information has an effect on volatility; i.e., whether information is long-lived. The
results show that the lagged number of quotes is positively and significantly related to
volatility for all currencies, thus providing evidence of a time-consuming or information

decay process.

Volume as a Proxy of News Information in the Stock Market

Copeland (1976) focuses on the new techniques of information arrival developed under
the key assumption that individuals shift their demand curves sequentially as new
information is revealed to them. An individual will react to news of information by
shifting his demand curve and his reaction will be followed by others. Finally, when all

the individuals have received the news, a new equilibrium is established.
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Using volume as a proxy of news information, Copeland finds a positive correlation
between the absolute val “nrice changes and the expected value of trading volume
with high values which oc. . = when traders are unanimous about new information and
the low values which occurs when they disagree. Trading volume also seems to increase

as a function of the strength of new information.

Closely related to the work of Copeland (1976) is the study of Epps and Epps (1976)
who provide a theoretical model for the distribution of stock prices and empirically
explain the stochastic dependence between transaction volume and changes in the
logarithm of security prices. The authors examine 20 common stocks selected from the
New York Stock Exchange (NYSE), and derive a model in which the variance of the
price change on a single transaction is conditional upon the volume of that transaction,
thus supporting the work of Clark (1973). A change in the logarithm of price can
therefore be viewed as following a mixture of distributions, with transaction volumes

as the mixing variable.

Number of Transactions-Price Relationship in the Stock Market

Harris’s (1987) study is related to the work of Clark (1973) and Tauchen and Pitts
(1982). He examines the flow of information (the mixture of distributions hypothesis)
for the distributions of daily price changes and volume. While the previous researchers
use daily intervals, Harris uses transaction data to test for the mixture of distribution
hypothesis, which assumes that the variance per transaction is related to the volume of

that transaction.
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The prices and volume of fifty common stocks traded continuously on the New York
Stock Exchange between December 1, 1981 to January 31, 1933 are u “nr each
security, price changes and volume are computed over fixed intervals of . ., 50 and
100 transactions and over daily time intervals. The prices and volume are then adjusted
for the effects of dividend, stock splits and stock dividends. The results, generally
support the mixture of distribution hypothesi;s and the author points out that the daily

number of transactions may be a good estimate of a time-varying information.

Review of Previous Studies on Price Change-Volume Relationship in the Financial

Market

Karpoff (1987) reviews the previous and current research on the contemporaneous
relation between price changes and trading volume in the financial market. He draws

four conclusions.

First, the empirical relations are established; i.e., volume 1is positively related to the
magnitude of the price change and, in equity markets, to the price change per se. This
can help discriminate between different hypotheses of market structure. Secondly, the
price-volume relation is important for event studies that draw inferences from a
combination of price and volume data. If price changes and volume are jointly
determined, incorporating them will increase the power of these tests. Thirdly, he finds
that price-volume tests generally support the mixture of distribution hypothesis and that
price data are generated by a conditional stochastic process with a changing variance

parameter that can be proxied by volume. Fourthly, price-volume relations have
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significant implications for research into futures markets because the time to delivery

. a futures contract affects the volume of trading and therefore possibly the price.

Modelling ARCH Using Conditional t-Distribution in the Stock Market

Bollerslev (1987) develops a simple time series model designed to capture the
dependence of speculative price changes. Specifically, the author extends the ARCH
model to allow for conditional t-distribution errors. This permits a distinction between
conditional heteroscedasticity and conditional leptokurtic distribution, either of which

could account for the observed unconditional kurtosis in the data.

Five different monthly stock price indices for the U.S. economy including Standard and
Poor's 500 Composite, Industrial, Capital Goods, Consumer Goods and Public Utilities,
are used. The indices are monthly averages of daily prices and consist of 453
observations. He finds that speculative price changes are approximately uncorrelated
(but dependent) over time. The standard t-distribution fails to take account of this
temporal dependence, and ARCH and GARCH models with conditionally normal errors
do not seem to fully capture the leptokurtosis. However, the GARCH (1,1)-t model fits

the data adequately.

Testing for Price Change-Volume Relationship in the Stock Market

Smirlock and Starks (1988) investigate the empirical relationship between absolute stock

changes and trading volume in the stock market. Specifically, they test whether the
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proxy for information arrival by trading volume follows a sequential (SEQ) or a
simultaneous (SIM) process. Accordin;. - SEQ tuc:2 are intermediate equilibria prior
to the final complete information equilibrium, whiie in the SIM there is only the final

equilibrium.

Daily stock prices and volume data for the 49 consecutive trading days from June 15
through August 21, 1981 obtained from a sample of New York Stock Exchange firms
are used. Granger causality tests reveal a significant causal relationship between
absolute price changes and volume at the firm level. The results show some evidence in
support of the SEQ as a more accurate description of dominant market behaviour than
the SIM. The SEQ implies that knowledge of the behaviour of volume can improve

conditional price change forecasts based on past price changes.

Examining for Volume-Returns Relationship Using Intradaily Data in the Stock

Market

A study by Jain and Joh (1988) is closely related to work by Clark (1973) on the
contemporaneous relationship between trading volume and returns. They extend the
study to include the lead and lagged relationship between these variables using a long
time series of hourly data. The authors note that high frequency data enable them to

obtain precise estimates of correlations.

Hourly data for trading volume and the returns of common stocks on the New York

Stock Exchange (NYSE) for the years 1979 to 1983, comprising 1,263 trading days from
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are used. The data consist of 7,578 hourly observations for the six hours per day trading
time. The hourly trading volume data for the NYSE are taken from The Wall Street
Journal and the market returns are from Standard and Poor's (S&P) 500. Using linear
causality models, a strong positive correlation emerges between contemporaneous
trading volume and absolute value of returns which is consistent with the mixture of
distributions hypothesis as developed by Clark (1973) and others. Trading volume is

positively correlated with returns lagged up to four hours.

Testing for Linear and Nonlinear Causality Between Returns and Volume in the

Stock Market

Hiemstra and Jones (1994) are among the few who use both linear and nonlinear
causality tests to examine the dynamic relation between daily Dow Jones stock returns
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