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This article investigates the unbiasedness hypothesis of futures prices
in the freight futures market. Being the only market whose underlying
asset is a service, it sets it apart from other markets invcstij^ated so
far in the literature. Cointegration techniques, employed to examine
this hypothesis, indicate that futures prices one and two months be-
fore maturity are unbiased forecasts of the realized spot prices,
whereas a bias exists in the three-months futures prices. This mixed
evidence is in agreement with studies in other markets and suggests
that the acceptance or rejection of unbiasedness depends on the id-
iosyncrasies of the market under investigation and on the time to
maturity of the contract. Despite the existence of a bias in the three-
months prices, futures prices for all maturities are found to provide
forecasts of the reali/ed spot prices that arc superior to forecasts gen-
erated from error correction, ARIMA, exponential smoothing, and
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random walk models. Hence it appears that users of the BIFFEX
market receive accurate signals from the futures prices {regarding the
future course of cash prices) and can use the information generated
hy these prices to guide their physical market decisions. © 1999 John
Wiley Sf Sons. Inc. Jrl Fut Mark 19: 3S3-376, 1999

INTRODUCTION

The relationship between futures prices before maturity and expected
spot prices on the maturity day of the contract has attracted considerable
interest and prompted much discussion in different futures and forward
markets. In particular, the extent to which the price of a futures contract
reflects unbiased expectations of the spot price on delivery date is of
importance to market participants: First, the existence of a bias in futures
prices increases the cost of hedging.' Second, a benefit that futures mar-
kets provide is their ability to "discover" future equilibrium prices in spot
markets—their price discovery role; futures contracts are traded for the
delivery of the underlying asset at various points in the future, and they
reflect the current expectations of the market about the course of cash
prices at those points in the future. This availability of information re-
garding future spot prices provides signals that guide supply-and-demand
decisions in ways that contribute to a more efficient allocation of eco-
nomic resources. If futures prices are not unbiased forecasts, then they
may not perform their price discovery function efficiently—because they
do not represent accurate predictors of expected spot prices.

Several studies in the past have examined the unbiasedness hypoth-
esis. Lai and Lai (1991) Hnd evidence against the unbiasedness hypoth-
esis for the one month forward British pound, German mark, Swiss franc,
Canadian dollar and Japanese yen exchange rates. Similar conclusions
are drawn by Chowdhury (1 99 I) in the examination of the quarterly lead,
tin, zinc, and copper forward prices at the London Metal Exchange
(LME). Crowder and Hamed (1993) investigate the unbiased expecta-
tions hypothesis on the oil futures market; they find that oil futures prices
one month prior to maturity are unhiased forecasts of the realized spot
prices. Krehhiel and Adkins (1994) examine the quarterly Treasury bill.
Eurodollar and Treasury bond futures prices; their results indicate rejec-
tion of the unbiasedness bypothesis. A common feature of the above stud-
ies is the use of cointegration techniques due to the nonstationary prop-
erties of the spot and futures price series.

For instance, when fuliires prices arc aiiove the expected spot prices, long hedgers buy the luLures
contracts at a premium over the price they expect to prevail on maturity.
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Antoniou and Holmes (1996) provide another dimension to the lit-
erature by examining the unbiased expectations hypothesis on the FTSE-
100 stock index futures market for contracts of different maturities. They
find that futures prices 1, 2, 4. and 5 months prior to maturity are un-
biased forecasts of the realized spot prices. On the other hand, the un-
biasedness hypothesis is rejected for futures prices three and six months
before maturity. They argue that this is due to the increased trading ac-
tivity associated with these maturities. Contracts in the FTSE market
mature at three-month intervals; therefore dates three and six months
prior to the maturity of a futures contract are maturity dates for earlier
contracts. As one contract matures, investors who are pursuing rolHng
hedge strategies will move out of this contract and into the contract that
is three or six months prior to maturity. This increased movement between
contracts of differing maturities at the time of contract expiration may
lead to biased futures prices.

Despite the plethora of studies in various commodities and financial
markets, there is no evidence on those futures markets for which the
underlying asset is a service such as the shipping freight futures market.
Shipping is an industry that experiences substantial volatility in the pric-
ing of its service (see, for instance, Kavussanos, 1996, 1997). The aim of
the creation (in 1985) of the Baltic International Freight Futures Ex-
change (BIFFEX) was to provide a mechanism for hedging freigbt rate
risk in the dry bulk sector of the shipping industry. On the basis of their
exposure to the risk of an adverse movement in freight rates, shipowners
or charterers can sell or buy futures contracts representing the expected
future value of the Baltic Freight Index (BFI), which isa weighted average
index of 1 I component routes, each reflecting regularly traded move-
ments in international dry cargo shipping.

However, using an average index-based contract as a hedge for in-
dividual routes implies that fiuctuations on these routes are not accu-
rately tracked by the futures prices, thus reducing the effectiveness oi the
futures contract as a hedging instrument (see, for instance, Kavussanos
& Nomikos, 1998a). This is the primary reason for the low trading activity
evidenced in the market; the daily trading volume averages only 250 con-
tracts per day and open interest is negligible for contracts beyond six
months ahead.

This article, then, by investigating the unbiasedness hypothesis in
the freight futures market, in many respects contributes to the wealth of

^See Tahle I for this, and the "Description of the Contract and Properties of the Data" section of
this article for further discussion.
'For instance, on 1 July 1997, the open interest for the January 1998 contract was 122 contracts,
and no contract was open for the months beyond.
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studies in other futures markets. Tests of the unbiasedness hypothesis are
extended, using the appropriate econometric methodology, to a futures
market with some interesting features. First, BIFFEX is the only futures
contract with an underlying asset that is a service. Second, the trading
volume in the market is low. Given that all the studies so far examine
highly liquid markets, it is of interest to investigate whether thin trading
in the market induces the presence of biases. Third, examination of Fu-
tures contracts with different times to maturity sheds some light to the
temporal changes on the relationship between futures prices and realized
spot prices as the time to maturity of a futures contract changes. The
short run dynamic properties of spot and futures prices are also investi-
gated in order to identify the speed with which spot and futures prices
respond to deviations from their long-run relationship. Finally, this article
explores the predictive power of futures prices and compares the accuracy
of the forecasts implied by the futures prices witb lorecasts generated
from error correction, ARIMA, exponential smoothing, and random walk
models. After all, if futures prices are unbiased forecasts of the realized
spot prices, they should provide the most accurate forecasts of these
prices.

UNBIASED EXPECTATIONS HYPOTHESIS IN
FUTURES MARKETS

The unbiased expectations hypothesis posits parameter restrictions on the
relationship between futures prices before maturity and realized spot
prices. Two suppositions form this hyjiothesis: The price of a futures
contract before maturity equals the expected spot price on the maturity
day of the contract; and the expectation of the spot price is formed ra-
tionally. Empirically, this can be examined by testing the parameter re-
strictions (^1,^2) ^ (0, 1) in eq. (1)

St - Al + ^z^\-.i-n + fit; £t ~ iid(O, a^) (1)

These restrictions are based on a definition of market efficiency that ar-
gues that price changes from one period to the next should be unpre-
dictable given the current information set. If the futures price, Ft.,_,,,
contains all relevant information to forecast the next period's spot price,
St, then F,.,_,, should be an unbiased predictor of the future spot price.
Of course, tests based on eq. (1) examine the joint hypothesis of risk
neutrality (or no-risk premium) and rationality of expectations. Violation
of either hypothesis can lead to rejection of the joint hypothesis; further-
more, these hypotheses cannot be separated without further assumptions
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regarding the formation of expectations or the risk preferences of market
agents.

COINTEGRATION AND THE UNBIASEDNESS
HYPOTHESIS

There is empirical evidence in different futures markets that spot and
futures prices are nonstationary series (see the discussion in the intro-
duction of this article). In this case, in order to test correctly the unhi-
asedness hypothesis through eq. (1), it is important that spot and futures
prices stand in a long-run relationship or, in the terminology of Engle and
Granger (1987), that they are cointegrated.** Frameworks for the exami-
nation of cointegrating relationships are proposed by Engle and Granger
(1987) and Johansen (1988). Johansen's estimation procedure is shown
by Gonzalo (1989) to provide superior inference compared to the Engle
and Granger (1987) approach. Moreover, this approach provides us with
a test statistic that has an exact limiting distribution and enables direct
tests of parameter restrictions on the cointegrating relationships. Within
this specification, the joint distribution of spot and futures prices can be
described as the following Vector Error Gorrection Model (VECM)

AX, = // + 2 ^Mt-i + nX,_i + Vt; Vt ~ iid(O, S) (2)
i= 1

where Xt is the 2 X 1 vector (St Ft,t-n)';/^ is a 2 X 1 vector of determin-
istic components that may include an intercept term, a linear trend term
or both; V, is a 2 X I vector of white noise residuals (vj t V2,t)' and S is
a 2 X 2 variance/covariance matrix.

The VECM of eq. (2) contains information on both the short- and
long-run adjustment to changes in X(, via the estimates of Fj and FI,
obtained using ma.ximum likehhood techniques (see Johansen, 1988,
1991, and Johansen & Juselius, 1990). The crucial parameter for coin-
tegration between St and Ft t-n '^ the rank of matrix n in (2). When FI
has a reduced rank, that is rank(n) = 1, then there is a single cointe-

""A stochastic process, S,, is stationary if: (i) It has a constant mean for all values of t, that is, E(S,)
= constant, Vt. (ii) It has a constant variantc lor nil values of t, that is. Var(St) = conslunt, Vt. (iii)
It has a constant covariance for all values of t, that is, Cov(S,, S| + ,,) = constant, Vt. If a stochastic
series must hf differenced once in order lo bi-come stationary, the series contains I unit root and is
said to be intc^raled of order I, denoted as l(\). US, and F,.,.,, tire l( 1} series, any linear combination
among these two scries will also be / ( I ) . However, tbere may bo a number j8 such that S, — ^ m - n
= e, is stationary. In this special case, Engle and Griingt-r (1987) define the series S, and F, , . , , as
cointegrated of order (1,1) [denoted as C7(l,l) | , and the regression S, - /?F,,,_n - t, is called the
cointegrating or etjuilibrium regression.
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grating vector and the expression nXt_ [ is the error correction term. In
this case, FI can be factorised into two separate matrices a and ji, both
of dimensions 2 X 1 , where I represents the rank of FI, such as

n - ap'

where P' represents the vector of cointegrating parameters and a is the
vector of error correction coefficients measuring the speed of conver-
gence to the long-run steady state.^

Correct specification of the deterministic components in the VECM
is important because the asymptotic distributions of the cointegration test
statistics are dependent upon the presence of trends and/or constants in
fi.^ Once the intercept term is restricted to lie on the cointegrating space,
the vector series becomes Xi _] = (St_i 1 F[_ i.,^^_ [)'with acointegrating
vector ^' = {\ P\ ^2)' where the coefficient of St_ [ is normalized to be
unity, ^1 is the intercept term, and {^2 is the coefficient on F,_|.,_,,_ j .

When spot and futures prices follow unit root processes, cointegra-
tion is a necessary condition for the unhiasedness hypothesis to hold. If
spot and futures prices are not cointegrated. they will tend to drift apart
over time. It this is the case, futures prices cannot be unbiased predictors
of the realized spot prices. However, cointegration, although a necessary
condition for the unhiasedness hypothesis, is not a sufficient condition,
as demonstrated by Hakkio and Rush (1989). In particular, the unbi-
asedness hypothesis implies the restrictions (1 0 - 1) on the cointegrat-
ing vector; that is, that ^] = 0 and ^2 = - 1. Johansen and Juselius
(1990) propose the following LR statistic to test these restrictions:

- T l i n d - IT) - Ml - li)l - x'i.2) (3)

where A* and A\ denote the largest eigenvalues from the restricted and

Because the rank of Fl equals the number of its nonzero eigenvalues, the number of the coinlcgratin^
vectors can be obtained by estimalinf^ the number of tbese eigenvalues that are significantly different
from zero using the following statistics proposed by Jobansen (1988); Xi^cei^) = — T2"_r^. j in( 1 -
/.j) and /n,ax(''.'' "I" 1) = - T ln(l - -ij+ |) where T is tbe number of usable observations and X^ are
the estimated eigenvalues of tbe W matrix. At̂ ce 'ests the null that there are at most r cointegrating
vectors against the alternative tbat the number of cointegrating vectors is greater tban r. /l,,,̂ ^̂  tests
the null tbat thf number of cointegratin^ vectors is r against the alternative of r -h I.

Jobansen (1991) proposes tbe following statistic to test for tbe appropriateness of including an
intercept term in the cointcgrating vector against tbe alternative ihat there are linear trends in ihe
level of" the series;

- r i l n d - ~kl) - Ind - ;.,)] - / ^ { D

wbere X'^ and }.2 represent the smallest eigenvalues of tbe model thai includes an intercept term in
the cointegrating vector and an intercept term in tbe short run model respectively. Acceptance of
tbe null bypotbesis indicates that tbe VECM in eq. (2) sbould be estimated witb an intercept term
in tbe cointegrating vector.
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Route

TABLE I

Baltic Freight Index: Definitions of the Constituent Routes as of May 1997

Vessel
Sire Cargo Route

Weight
in BFI

1 55,000 Light grain
1A 70,000 Grain, ore, or coal
2 52,000 Heavy soya sorghum
2A 70,000 Grain, ore, or coal

3 52,000 Heavy soya sorghum
3A 70,000 Grain, ore, or coal
6 120,000 Coal
7 110,000 Coal
8 130,000 Coal
9 70,000 Grain, coal, or coke

10 150.000 Iron ore

U.S. Gulf to Amsterdam/Antwerp/Rotterdam 10%
Trans-Antlantio round T/C (duration 45-60 days) 10%
U.S. Gulf to South Japan 10%
Skaw Passero to Taiwan/Japan T/C

(duration 50-60 days) 10%
U.S. Pacific Coast to South Japan 10%
Trans-Pacific round T/C (duration 35-50 days) 10%
Hampton Roads to South Japan 7.6%
Hampton Roads to Rotterdam 7.5%
Queensland to Rotterdam 7.5%
Japan/Korea to Skaw Passero T/C

(duration 50-60 days) 10%
Tubarao to Rotterdam 7.5%

Notes: T/C are limecharler routes. Source: The Baltic Exchange

the unrestricted mode!, respectively and T is the numher of usahle oh-
servations. The statistic is asymptotically distrihuted as x^ with degrees
of freedom equal to the number of restrictions placed on ^'.

DESCRIPTION OF THE CONTRACT AND
PROPERTIES OE THE DATA

In a futures market wherein the underlying commodity is a service, the
only possihle option is to trade an index. It was not until 1985 that the
Baltic Freight Index (BFI} hecame the underlying asset of the Baltic In-
ternational Financial Futures Exchange (BIFFEX) contract. The Baltic
Exchange publishes daily the BFI, which is a hasket of freight rates de-
signed to reflect the daily movement in freight rates of 1 I dry bulk spot
voyage and timecharter routes. Eaeh route is given an indi\idual weight-
ing to reflect its importance in the worldwide freight market; the com-
position of the routes, as it stands on May 1997, is presented in Table I.
Trading on BIFFEX involves no supply of cargo or ships; it is a cash
settlement contract. All the contracts that remain open on the last trading
day (which is the last day of each month or 20 Decemher for the Decem-
ber contract) are settled in cash, and the settlement price is computed as
the average of the BFI over the last five trading days of the contract
month; the monetary value of the settlement price is $! 0 per index point.

The data for this study match the delivery date settlement price with
the futures contract price measured one, two, and three months prior to
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the delivery date. The time span of the data is different for each maturity
to allow for changes in the trading patterns in the freight futures market/
We consider three different sets of observations. The first set consists of
closing prices of the futures contract one month before maturity, F,.t_|,
and the corresponding settlement prices at maturity, St, which we call
monthly prices. Futures prices are sampled at the last trading day of the
month preceding the delivery month and the corresponding settlement
price is calculated as the average of the BFI over the last five trading days
of the contract month or the last five trading days prior to 20 December
for the December contract.^ The first observation covers the futures con-
tract that expires on 29 July 1988, and the last obsen'ation is for the
futures contract that expires on 30 April 1997.^ In total, this gives us a
sample of 106 nonoveriapping observations for the period 1988:07 to
1997:04. The second set comprises closing prices of the futures contract
two months from maturity, Ft.t_2. and the corresponding settlement
prices at maturity. The first observation coincides uitb the introduction
of the second "prompt" month contract in October 1991 (sec footnote 7)
and covers the price of the December 91 contract, two months from
maturity. Futures forecasts two months ahead are sampled every month,
and this gives us a sample of 65 overlapping observations for the period
1991:12 to 1997:04.'*' The third set consists of closing prices of the
futures contract three months before maturity, Ft.t_ 3, and the correspond-
ing settlement prices at maturity (quarterly prices), representing a pair of
36 nonoveriapping observations over the period July 88 to April 97.

Data for the period July 1988 to Decemher 1989 are from Simpson,
Spencer and Young Limited (SSY Limited). Data for the period January
1990 to April 1997 are from London International Financial Futures

e period 19H'y to June I *}88 only 4 contract months were traded in the freight futures market;
January. April. July, and October (fhe quarterlies). From July 1 9«8 "spot" and "prompt" months were
inlroduced. In olher words, since July 1 988, at any ^iven month the following contracts were traded;
the current month, ihc following month, and January, April. July, iini! October up to 18 months
ahead. This tr^iding pattern was altered again in October 1991 when trading in a second "prompt"
month was introduced. Therefore, from Oetober 91 the following contracts are always traded: the
current month, the following two months and January, April, July, and October up to 18 months
ahead. For instance, on 30 April 1997 contracts for delivery in ihe following months were traded:
April, May, June, July, October, Januar\ 98, April 98, and July 98.

The use of tbe setllement price ot the futures contract (that is, the average of the BFI over the last
five trading days of the contraet), rather than the BFI price on the maturity day, was suggested hy a
referee, Tbe empirical results from using ihe BFI prices as the realized spot prices are qualitatively
the same to the ones reported in tbis article.
1 he first ohservation coincides with the introduction of the "spot" and "prompt" month contracts.

Thus ftitures forecasts one month ahead are sampled ever>' month.
In contrast, for the period prior to October 1991, futures forecasts two months ahead are available

every three months.
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TABLE II

Descriptive Statistics on the Logarithmic Differences of Monthly (1988:07-
1997:04), 2-Months (1991:12-1997:04) and 3-Months (1988:03-1997:02)

Spot and Futures Prices

Panel A:

Spot

Futures

Panel B:

Spot

Futures

Panel C:

Spot

Futures

1-Month
N

105

105

Price Series
Mean

0,001
(0008)
0,003

(0.008)

2-Months Price Series
N

64

64

i-Month:
N

35

35

Mean

-0.003
(0.011)

-0.002
(0.009)

i Price Series
Mean

0.002
(0.024)
0.005

(0.023)

STD

0.083

0,079

STD

0.089

0.072

STD

0.144

0.133

Max

0.253

0.196

Max

0.253

0.177

Max

0.263

0.226

Min

-0.220

-0.191

Min

-0.220

-0.197

Min

-0.307

- 0.389

Skew

-0.106
[0.66]

- 0.283
[0.24]

Skeiv

0,039
[0,90]

-0.201
[0,52]

Skew

-0,245
[0,57]

-1.041
[0.02]

Kurt

0.270
[0.59]

-0,064
[0,90]

Kurt

0.136
[0.83]
0.010
[0.98]

Kurt

-0.911
[0.32]
1,352

[0,14]

J-B

0.516
[0,77]
1,416

[0.49]

J-B

0.066
[0,97]
0.429

[0,81]

J-B

1.559
[0.46]
8.988

[0,01]

Notes; N is tfie number of observations. Mean and STD are Ihe sample mean and standard deviation of the series. Max
and Min are Ihe maximum and minimum values of the series Skew and Kurt are the estimated centralised Ihir_d and fourth
moments of the data, denoted a^ and (a,, — 3) respectively, their asymptotic distributions under the null are ̂ 'Td, — N{0,6)
and ;'f(«j - 3) - W(0,24), J-B is the Jarque-Bera (1980) test for normality, distributed as ;;^(2), Significance levels are
reported in brackets [.]. Standard errors of the sample mean are in parentheses (.). All series are measured in logarithmic
first differences.

Exchange (LIFFE). Missing observations are taken from the Financial
Times. All the observations are transformed into natural logarithms.

Summary statistics on the first differences of the logarithmic price
series are presented in Table II. The unconditional means of the spot and
futures returns series are statistically insignificant in all the cases. The
standard deviations of the two return series seem to be almost the same
for the monthly data, compared to the two- and three-months series, with
the standard deviation of the spot returns being higher in all the cases.
Tests for the significance of the coefficients of skewness and kurtosis
indicate the presence of excess skewness on the three-months futures
return. Finally, the Jarque-Berra (1980) test indicates that, with the ex-
ception of the three-months futures series, the return series follow the
normal distribution.
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Because spot and futures prices are sampled at monthly and quar-
terly intervals, it is prudent to test for seasonal as well as for ordinary' unit
roots; for instance, seasonalities in commodity markets may be transmit-
ted in the freight market and appear as stochastic seasonal unit roots in
the BFI and BIFFEX prices. Hylleherg et al. (1990) propose a method-
ology lor such tests for quarterly data that is extended to monthly data by
Franses (1991). Applying these tests to our series indicates that there are
no seasonal unit roots in the data even though there is a unit root at zero
frequency, in all the cases. Supplementary augmented Dickey-Fuller
(1981) and Phillips-Perron (1988) tests contirm these findings."

EMPIRICAL RESULTS

Having identified that spot and futures prices are /(I) variables, cointe-
gration techniques are used next to test the unbiased expectations hy-
pothesis. Three steps may be distinguished in this process. First, a weil-
specified VECM with tbe appropriate deterministic components and a
robust lag structure in order to capture any residual autocorrelation is
arrived at. Second, the existenee of a cointegrating vector, describing the
long-run relationship between spot and futures prices, is investigated in
this well-specified VECM using the maximum and trace tests proposed
by Johansen (1988). Third, once the necessary condition for unbiased-
ness, that of the existence of a cointegrating relationship, has been iden-
tified, the unbiasedness hypothesis is investigated by testing parameter
restrictions on the cointegrating vector using the LR statistic of eq. (3).

Regarding the first step, a combination of model selection criteria
(SBIC, 1978. and AIC, 1973) and LR tests (see footnote 6) is used to
determine the lag length and the specification of the deterministic com-
ponents in the VECM. Lag lengths of 2, 1, and 3 are selected for the
one-, two-, and three-months data, respectively, and tbe deterministic
components include an intercept in the cointegratingvector in all cases.'^
Residual diagnostics on the selected models for first and higher order
serial correlation, normahty, and ARCH effects show that the models are
well specified.

The second step in testing the unbiasedness hypothesis involves de-
termining the existence of a cointegrating relationship between spot and
futures prices using the maximum and trace tests. The estimated statistics

' 'These results arc avaikibte from the authors r»n request.
'^This refers to the lag length of an unrcstriitcd VAR in levels tis follows; Xi = 2f_ i AjX,., -t- V,. A
V,'\R wilh p lags of the dependent variable can be rcparameterised in a VECM with p-I lags of Urst
differences of the dependent variable plus ihe levels terms.
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TABLE III

Johansen (1988) Tests for tbe Number of Cointegrating Vectors Between Spot
and Futures Prices. Monthly, 2-Months, and Quarterly Spot and Futures Prices

Hypothesis

r = 0
r = 1

r = 0

r = 1

r = 0
r = 1

r = 1
r = 2

r = 1
r = 2

r = 1
r = 2

Test

26,08
7,53

48,58
3.33

21.01
7,58

Statistic

} *

25,08
7.24

47,06
3.23

17,19
6,20

Hypothesis

Ho H,

Panel A: Monthly Data

r = 0 r > 0
r = 1 o 1

Panel B: 2-Month Data

r - 0 r > 0
r = 1 r>1

Panel C: Quarterly Data

r = 0 r > 0
r = 1 r>1

Test

^trace

33.61
7.53

51,92
3,33

28,59
7,58

Statistic

'Hrace

32,32
7.24

50,29
3,23

23,39
6,20

95% Critical
Values

"-max

15,67
9.24

15,67
9.24

15,67
9,24

^trace

19,96
9.24

19.96
9.24

19,96
9,24

Notes: f represents the number ot cointegrating vectors, A^^(r,/•+ 1 )= ~r in(1 - A,,,) and/„ , „ ( / • )= -TX;L,, , ln{1 -
>i,) where /i, are the estimated eigenvalues of the n matrix in equation (2), A;^, = (T - kp)/TX,^ and Â ĵ g = [T -
kp}!'^ ^,.^^^, where k is the number of variabies in the VECM, are degrees-of-freedom adjusted cointegrating rank tests
(Reimers, 1992), Critical values are from Osterwald-Lenum (1992), Table r .

in Table III, indicate that spot and futures prices are cointegrated. How-
ever, Johansen's tests are biased toward finding cointegration too often in
finite samples. In particular, Cheung and Lai (1993) find that the finite-
sample bias of Johansen's tests is a positive function of T/(T — kp), where
k is the number of variables in the VECM. Reimers (1992) suggests a
small-sample correction of the test statistics for the cointegrating rank.
This correction is found to improve the properties of the cointegration
tests, particularly in moderately sized samples, and consists of using the
factor (T — kp) instead of T in the computation of the ?,JJ,.^^^ and -̂ -irace
tests. Use of the adjusted statistics, denoted as X*. and A * ^ , confirms
that spot and futures prices one, two, and three months prior Lo maturity
are cointegrated.

The unhiasedness hypothesis is examined next by testing the restric-
tions ^j = 0 and/;f2 ~ ~ 1 in the cointegrating relationship ^'X^. | = (1
/^i/^2)(St-i 1 F(_].t_n-l)'- If these restrictions hold, then the price of a
futures contract is an unbiased predictor of the realized spot price. The
estimated coefficients of the cointegrating vectors, along with the residual
diagnostics for the models, are presented in Tables IV, V and VI for the
monthly, two-months and quarterly data respectively. For the one and
two-months futures prices, the null hypothesis of unbiasedness cannot
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TABLE IV

Likelihood Ratio Tests of Parameter Restrietions on the Normalized
Cointegrating Vector of Monthly Spot and Futures Price—Estimation Period:

1988:07-1997:04

Panel A: Model Specijication

A S , ^ _ ^ / A S _ , ^ ^ (a,\^, ,, „ , I ', ' 1 , / v i , ,V (vui

\F.-l.t-2/

Coefficient Estimates Hypothesis Tests on fi'

Ho: H,y. H,,;

a, a, /?' = (i P, {il) fi, = 0 IU=-] /y, - 0 ami /i, = - i

0.014 0,565 1,0000,179 - 1,026 0,23 0.25 1,85
(0,066) (4,385) [0,63] [0,62] [0,40]

Notes: o, and a? are ihe error oorrection coefficient estimates implied by the normalized cointegrating parameters: t sta-
tistics for the null hypothesis u, = 0 are in parentheses. Estimates of the coefficients in the cointegrating veotor are nor-
malised with respeot to the coefficient of S,, The statistic for hypothesis tests on the coefficients of the cointegrating vector
is - 7"[ln{1 - J.') - ln{1 - A,)] where/! and.i, denote the largest eigenvalues of the restricted and the unrestricted models
respectively. The statistic is / distributed with degrees of freedom equal to the number of restrictions placed on the
cointegrating vector. Significance levels are in brackets.

Panel 6: Residual Diagnostics

LM(I) Q(]2} Normality ARCH(4} Normality" LMd)*

V, 0.06 8,79 1,73 2,87 9.01 5.24
Vj 0,01 16,41 4,32 4.77
5% C,v, 3.84 21,03 5,99 9.49 9,49 9,49

Notes, I', and iv are the estimated residuals from each equation in the VECM. LM( 1) is the Godfrey (1978) Lagrange Multiplier
test for serial correlation of order 1: the statistic is asymptotically distributed as x'O)- Q(12) is the Ljung-Box (1978) Q
statistic on the first 12 lags of the sample autocorrelation function distributed as ^^(12) Normality is the Docrnik and Hansen
(1994) test for normality, distributed as x^{2). ARCH(4) is the Engle (1982) test for ARCH effects; the statistic is /-(4)
distributed. Normality* and LM(1)' are the bivariate tests for normality (Doornik and Hansen. 1994) and serial correlation
distributed as ;t^(4).

he rejected at conventional levels of significance.'^ However, For the quar-
terly futures prices, the restriction is rejected at the 5% level.''^ In order

' 'As additinnal supporting evidence for our results on the two-months prices, inference is also carried
out using the Phillips and Hansen (l^^O) fully modified least squarfs (FM-OLS) estimator. Use of
this method is motivated by the overiiipping observations problem, present in the two-months price
series (Hansen & Hodrkk, 1980). In the presence of serial eorrelalion induced hy the overlapping
futures forecasts, Moore imd Ciillen (199S) assert that use of the FM-OLS estimator is more appro-
priate ihan Johiinsen s MLE. [n line with Johansen's tests, results from the FM-OLS estimation are
supporti\e of the unbiasedness h\pothesis in ihe two-months futures. Results From these tests are
availahle from the authors on request.

As suggested by a referee, the rejection of the unbiasedness hypothesis in the quarterly prices may
he attributed to the small numher of usable observations employed in the analysis (T = 33). As in
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TABLE V

Likelihood Ratio Tests of Parameter Restrictions on the Normalized
Cointegrating Vector of 2-Months Spot and Futures Prices—Estimation Period:

1991:12-1997:04

Panel A: Model Specification

V.-l ; . -3/

Coefficient Estimates Hypothesis Tests on fi'

Ho: Ho: Ho:

a, 012 fi' = (I ^\ P2) fii — ^^ Pl ~ ~ i fi\ ~ ^ " " ^ A2 ~ ~ '

0.006 0.454 1,000 0,638-1,091 1.31 1.41 4.09
(0.065) (8,506) [0.25] [0.24] [0.13]

See Notes in Tabie IV, Panel A,

Panel B: Residual Diagnostics
LM{ 1) Q(12) Normality ARCH{4} Normality-* L M ( 1)*

1',

5% cv.

1.68
0.01
3,84

10.16
13,79
21.03

0,57
2.25
5,99

2,06
0,85
9,49

1,89

9,49

5.25

9,49

See Notes in Table IV, Panel 8,

to check whether the rejection of the joint hypothesis is driven by the
presence of a significant intercept term or from the coefficient of the
futures price being significantly different from one we test individually
for the null hypotheses fi\ = 0 and (^2 = ~ 1̂  our results indicate that
/f] and)92are individually significantly different from 0 and 1, respectively.
Hence, we conclude that futures prices one and two months prior to
maturity are unbiased expectations forecasts of the realized spot prices;
on the other hand, futures prices three months from maturity provide
biased forecasts of the realized spot prices.

The issue that arises is to pinpoint what could possibly create biases
on futures prices three months from maturity. As already emphasized, the
market is characterised by low trading volume and most of the trading

the case of the triice und max eigenvalues tests, the LR tests for linear parameter restrictions on the
cointegrating relationship may reject the null hypothesis too often in small samples. Psaradakis
(1994) suggests correcting the LR test of eq. (3) by a Factor of (T — Hi/fe)/r where m is the numher
of estimated parameters in the VLCM subject to (he reduced rank restriction Fl = a{l For the
quarterly prices test, this Lorrection yields a/^(2) statistic of 6.82. with a 95% critical value of 5,99,
which still rejects the null hypothesis of unhiascdncss.
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TABLE VI

Likelihood Ratio Tests of Parameters Restrictions on the Normalized
Cointegrating Vector of Quarterly Spot and Futures Prices—Estimation Period;

1988:03-1997:02

Panel A: Model Specification

AS.

Coefficient Estimates Hypothesis Tests on p'

a, a. P' = (Ifi^fi^) Ho: H,,: H,,
PI ^ 0 P2 = -I PI = 0 and P2 = - I

0,880 0.834 1,000 3,761 - 1,521 6,30 6,23 8,34
(3.793) (4,854) [0,01] [0,01] [0,02]

See Notes in Table IV, Panel A,

Panel B: Residual Diagnostics
LM(1) Q(4) Normality ARCHf4) Normality*

Vz
5% cv.

1,35
1,62
3,84

0,89
5,76
9,49

0,65
5,11
5,99

0,62
6,02
9,49

4,49

9.49

8.37

9.49

See Notes in Table iV, Panel B,

concentrates in contracts that are near to maturity. Gilbert (1986) argues
that thin trading in a futures market creates worries about execution of
trading orders hecause attempts to trade at quoted prices may change
these prices; this may generally result in some forward market hias. Hence
it seems that limited liquidity divorces futures prices from heing unhiased
forecasts of the realized spot prices three months from maturity. On the
other hand, as the contract approaches its maturity day, trading activity
in the market increases; this forces futures prices one and two months
from maturity to reflect more accurately the expected spot prices on the
maturity day of the contract. This finding is in contrast to the findings of
Antoniou and Holmes (1996), in the examination of the FTSE-100 con-
tract, who argue that increased trading activity in the market creates price
hiases in lutures prices. It seems that the opposite is true for the freight
futures market.

Another possibility is that the hias in futures prices three months
prior to maturity reflects imbalances hetween long and short hedging
demand in the market. BIFFEX trades the expected value of a service.
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which is essentially a nonstorable commodity. Pricing biases seem to he
more prevalent for the markets of nonstorahie commodities. Empirical
studies by Kolb (1992) and Deaves and Krinsky (1995) indicate the ex-
istence of significant positive returns in the futures prices of three non-
storahie commodities (feeder cattle, live cattle, and live hogs); moreover,
these returns increase as the time to maturity ot a futures contract in-
creases. Conditional on the assumption of rational expectations, these
findings are consistent with the theory of normal backwardation, ad-
vanced by Keynes (1930), which hypothesizes that hedging pressures cre-
ate a differential hetween futures prices and expected spot prices at con-
tract expiration (that is, a risk premium). The significance of the hedging
forces as a factor linking futures and spot prices for nonstorable com-
modities is also emphasized by Gray and Tomek (1970), who argue that,
for these markets, futures prices are linked to expected spot prices
through the balance of hedging forces; if these forces represent only one
type of futures market position (either net long or short), then a price
bias may result.

To investigate the effect that this bias has on the short-run properties
of spot and futures prices, we examine the estimated error correction
coefficients, aj and a2, presented in Tables IV, V, and VI. For the monthly
and two-months price series, the estimated error correction coefficient
on the futures price, a2, is positive and statistically significant, whereas
the coefficient on the spot price, «], is statistically insignificant. The sign
of the coefficient on the futures price is in accordance with convergence
toward a long-run equilihrium relationship; that is, in response to a posi-
tive forecast error at period t — 1 (that is, St_| > Ft_[.t_2), the price of
the futures in the next period will increase in value thus restoring the
long-run equilibrium. Ihis finding is consistent with the hypothesis that
past forecast errors affect the current forecasts of the realized spot
prices—that is, the futures prices, but not the spot prices themselves.
Therefore, only the futures price responds to the previous period's devi-
ations from the long-run equilibrium relationship and does all the cor-
rection to eliminate this disequilihrium.

Turning into the quarterly price series, we can see that hoth a^ and
a2 are positive and significant at the 5% level. This is consistent with our
empirical findings regarding the presence of a hias in the quarterly futures
prices. If futures prices provide unhiased forecasts ot realized spot prices,
they should contain all the information that is relevant in forecasting
future spot prices. The existence of a systematic bias on the other hand
implies that past forecast errors affect the realized spot prices. The posi-
tive signs of both error correction coefficients indicate that a positive
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TABLE VII

Modeling the Price Bias in the 3-Months Forecast Error

S, — rt,[_3 — ̂ l^-'i-i ^̂  ''i' ''i — iid(O, (T~)

e, Q18) Q~(S) ARCH(t} J-B

0,632 9.687 7,646 1,247 1,509

(4,817) [0.29] [0,47] [0,26] [0,47]

Notes: The t-statistic for the null hypothesis C, = 0 is in parentheses {,), Q(8) is the Ljung-Box (1978) Q statistic on the first
8 lags of the sample autocorreiation (unction, Q'(8) is the Q statistic on the first 8 lags of the sample autocorrelation function
of the squared residuais, ARCH(1) is the Engle (1982) tests for ARCH effects of orders 1, J-B is the Jarque-Bera (1980)
test for normality. Significance levels are in brackets.

forecast error at period t — I will force both the futures and the spot
prices to increase. Hence any disequilibrium at period t — 1 is also carried
foru'ard to period t, as would he expected by the existence of a hias in
futures prices.

The issue that arises is whether the bias on the quarterly futures
prices represents a (possihly time-varying} risk premium, conditional on
the assumption of rational expectations. A common method of charac-
terizing time-varying risk premia in different futures and forward markets
is through the family of autoregressive conditional heteroskedasticity
(ARCH) models^^; for instance, Domowitz and Hakkio (1985) model the
risk premia in the foreign exchange market using the ARCH in mean
model, whereas Hal! and Taylor (1989) investigate the existence of risk
premia in the tin, lead, copper, and zinc contracts at the LME using the
GARCH in mean model.

In order to identify the behavior of the bias in the BIFFEX prices
three months from maturity, we specify the conditional mean of the three-
month forecast error (that is, Sj - Ft.t_3) using Box-Jenkins (1976) tech-
niques. Our results, presented in Table VII, indicate that the forecast
error follows a moving average (MA) process of order 1. However, mod-
eling the conditional variance of the forecast error as a GARCH process
does not yield any significant results"*; this is consistent, as well, with
the residual diagnostics from the estimated model that do not indicate
the existence of ARCH effects. Therefore we conclude that the hias in
futures prices three months from maturity is a function of the previous
period's error term. This can be interpreted either as e\idence for the
existence of a risk premium that follows an MA(1) process or as the result

For an overview on the developments in the formulation of ARCH I models and a survey on their
empirical applications in finance, sec Bollerslev et al. (1 994).

'These results are available from ihc authors on request.
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of market irrationality because the market fails to embody in tbe current
futures prices a systematic time series component of the forecast error
(see also in Copeland, 1991). Unfortunately, we cannot distinguish be-
tween these two alternatives, because any test of the unbiasedness by-
pothesis is a joint test tbat there is no risk premium and that market
agents are endowed with rational expectations (Fama, 1991). Therefore
failure to accept the unbiasedness hypothesis can be attributed to failure
of eitber of tbese two reasons. Nevertbeless we can still investigate
wbetber the existence of a systematic bias in futures prices (wbich implies
that futures prices do not represent accurate predictors of the realized
spot prices) affects the price discovery function of the market.

FORECASTING PERFORMANCE OF FUTURES
PRICES

This section investigates the ability of end-of-montb futures prices to
predict tbe realized spot prices on the maturity day of the contract. The
forecasting performance of futures prices is an issue that has been in-
vestigated in the literature for different futures markets. For instance, Ma
(1989) and Kumar (1992) compare the forecastingaccuracy of oil futures
prices to forecasts generated from time-series and random walk models,
whereas Haferet al. (1992) compare the forecasting performance of Trea-
sury-bill futures prices to that of forward prices and suney data. Broadly
speaking, it is found that futures prices provide superior forecasts of the
realized spot prices than do forecasts generated from alternative models,
although their forecasting performance diminishes as the forecast horizon
increases.

The purpose of the forecasting exercise is to investigate whether one
can obtain more accurate forecasts of the settlement prices one, two, and
three months ahead by employing time-series models rather than using
the readily available information provided by futures prices. Futures price
forecasts are compared to forecasts generated by bivariate VECM and
univariate ARIMA and Holt-Winters (Holt, 1957, and Winters, 1960)
exponential smootbing modeis. Tbe performance of tbese models in fore-
casting tbe BFI has been investigated by otber studies in tbe literature.
Cullinane (1992) finds tbat ARIMA models provide tbe most accurate
forecasts of the BFI for a forecast borizon up to seven days, wbereas, for
greater lead times, the Holt-Winters model provides superior forecasts.
On the other hand, Kavussanos and Nomikos (1998b) Hnd that a VECM
of spot and futures prices outperforms these model specifications for fore-
casts up to 15 days ahead. For comparison purposes, we also consider a
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bencbmark random walk model. Tbis model assumes that BFI prices at
time t ~ n are tbe most accurate predictors of settlement prices at time
(, St; therefore it uses information from the historical spot prices to gen-
erate forecasts of the future settlement prices and requires no estimation.

In order to compare the forecasting performance of futures prices
with that of time-series models, care must be taken to ensure that fore-
casts from the latter correspond precisely to the forecasts implied by tbe
futures prices. BIFFEX prices converge to tbe settlement price at tbe
maturity day of tbe contract and hence, the futures price n months from
maturity provides a forecast of the settlement price for this particular day.
Because the settlement price of the futures contract is calculated as the
average of the BFI over the last five trading days of the contract, time-
series models should be estimated in sucb a way so that forecasts for
these particular days can be obtained. This requirement, in turn, implies
that the time-series models should be estimated using daily price data.

Tberefore, a VECM is estimated using the most recent 300 daily
spot and futures prices of tbe contract tbat is closer to maturity.''^ Over
tbe period 1988:04 to 1997:03, 107 different VECM models are identi-
fied and estimated along tbe lines described in section 3 of the article.'*^
Similarly, ARiMA models are estimated for each forecast period utilising
at any given point the most recent 300 daily BFI observations. Tbe most
parsimonious ARIMA model is identified using Box-Jenkins (1976) tecb-
niques and tbe five general mode! specifications estimated for each lore-
cast period, are presented in Table VIII. For instance, over the period
April 1988 to September 1989, the model that provides the best fit for
the BFI series is a first difference model with autoregressive terms at lags
1 and 3. Finally, using the same set of observations as in tbe ARIMA
modelling procedure, tbe Holt-Winters model is estimated to generate
forecasts for tbe settlement prices 1, 2, and 3 months abead.'^

Tbe forecasting accuracy of eacb method is assessed using tbe fol-
lowing criteria. Mean absolute error (MAE), wbich measures the absolute
deviation of the predicted value from the realized value; root mean square

'^In line with this article, Ma (19H9) and Kumar (1992) also estimate models from daily data using
a rolling regression.s procedure.

For instance, the first model is estimated using 300 dsiily observations of spot and futures pricfs
up to 29 April 19H8. which is ihf las! trading day of the July 1988 contract three-months before
expiry. Tlie estimation procedure is as follows; Dickcy-1 ulicr (1981) and Phillips-Perron (1988) lests
are performed on the spot and futures prices to identify ihcir order nf integration and the existence
of a stationary relationship between [hem is investigated using the Johansen (I 988) tests. The re-
sulting VEt:M produces lorecasts of the BFI prices for the last live trading days of the July 1988
contract. The arithmetic average of these forecasts yields the forecasted value of the settlement price.
This estimation procedure is repeated for the subsequent periods, utilizing at any given point in time
the most recent 300 daily spot and futures observations.
'^For a review of different classes of exponential smoothing models see Gardner (1985),
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TABLE VIII

ARIIVlA(p,d,q) model Specifications for Forecasting One and Three Month
Ahead Realised Spot (BFI) Prices

Selected Model Estimation Period

AS, = ^,AS|_
Ao, = (P,ADI_

A S , — <t>,&S,_
AS, = <^|AS, _
AS, = <i>,AS|_

, + <l>^t

, + 0,v

1 + (P^i

-1-

4S,.3 + V,
| . 3 4-

V, - iid(O, &') 88:04, 88:06 - 89:09. 94:10 - 95:07
V, ~ iid(O, 0-^)89:10 - 90:05
V, ~ iid(O, T-) 90:06 - 92:06. 94:01 - 94:09
V, - iid(O, a') 92:07 - 93:12. 95:08 - 96:04
V, ~ iid{0, a^) 96:05 - 97:03

Noles: Estimation period refers to the last trading day of ttie month over which an ARIMA model is estimated. In total 107
models are identified and estimated over the period 1988:04 and 1988:06 to 1997:03. Eaoh model is estimated using the
most recent 300 daily BFI observations up to the last trading day of eaoh month and generates forecasts of the settlement
price 1,2, and 3 months ahead.

TABLE IX

Comparison of Forecast Statistics for Alternative Sources of Forecasts

Forecast Source

Futures
VECM
ARIMA
Random walk
Holt-Winters

Futures
VECM
ARIMA
Random walk
Holt-Winters

Futures
VECM
ARIMA
Random walk
Holt-Winters

N

106
106
106
106
106

65
65
65
65
65

36
36
36
36
36

MAE

Panel A: 1-Month Ahead Forecasts
0.0529
0.0526
0.0601
0.0616
0.0807

Panel B: 2-Month Ahead Forecasts
0.0941
0.0993
0.1020
0.1037
0.1896

Panel C: 3-Month Ahead Forecasts
0.1032
0.1200
0,1277
0.1219
0.2881

RMSE

0.0669
0.0668
0.0760
0.0776
0.1078

0.1140
0.1189
0.1283
0.1285
0.2382

0.1277
0.1378
0.1468
0.1418
0.3634

Theiis

3.077* 10--
3.055' lO-*
3.964' lO-*
4.134- 10-"
7.991*10-'

8.942* 10-*
9722- lO-"
0.0011
0.0011
0.0039

0.0011
0.0013
0.0015
0.0014

0.0091

Notes. 1-month ahead foreoasts are for the period 1988:07 to 1997:04; 2-months ahead forecasts are tor the period 1991:12-
1997:4: 3-months ahead forecasts are for the period July 1988 to April 1997. N is the number of forecasts; MAE is the Mean
Absolute Error, RMSE is the Root Mean Square Error; Theil's is Theil's (1966) Inequality Coefficient.

error (RMSE), which attaches a higher weight to larger forecast errors;
and, finally, Theil's (1966) inequality coefficient, which takes into ac-
count the ability of each method to forecast trends and changes (see
Pindyck & Ruhinfeld, 199!, for the properties of these forecast criteria).
The results in TABLE (X indicate that, apart from the one-month horizon
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where the VECM provides marginally hetter Forecasts than the futures
prices. For the remaining horizons Futures prices outperForm the other
models considered. Given the additional time and eFfort incurred to es-
timate the VECM, in comparison to the futures forecasts that are readily
availahle in the market, the results for the one-month horizon do not
provide reliable evidence to undermine the apparently hetter forecasting
ability of Futures prices.^" We can also note that the Forecasting perfor-
mance of Futures prices diminishes as the forecast horizon increases; this
is consistent with the findings of Ma (1989) and Kumar (1992) and re-
flects that more information, regarding the future course of spot prices,
is availahle to market participants when the forecasts are made For a
shorter horizon. However, although futures prices display this Forecasting
weakness, they still provide the best Forecasts.

Regarding the other Forecasting methods, the VECM outperForms
the remaining time-series models For all the Forecast horizons; ARIMA
models outperForm the random walk model For the one- and two-months
forecasts—although this is reversed For the three-months. On the other
hand, the Holt-Winters model has the worst forecasting accuracy over all
forecast horizons. This poor performance can he attributed to the sto-
chastic properties of the BFI series. The Holt-Winters model is etjuivalent
to an AR1MA(().2,2) model specification; if the underlying series can be
identified hy a different class of ARIMA models, as is the case in our
analysis, then forecasts generated by the Holt-Winters model will be far
from accurate (see also Harisson, 1967, and Granger & Newbold, 1986).
These results indicate that users of the BIFFEX market receive accurate
signals from the futures prices regarding the future course of cash prices.

SUMIVIARY AND CONCLUSIONS

The unbiased expectations hypothesis suggests that the price of a futures
contract hefore maturity should he an unhiased predictor of the spot price
on the maturity day of the contract. Several studies have investigated this
hypothesis in different futures and forward markets with mixed evidence.
Despite this plethora of studies, there has heen no evidence for the un-
biasedness hypothesis on a futures market that trades the expected value
of a service and is characterised by low trading activity—such as the
freight futures market. Parameter restriction tests on the cointegrating
relationship between spot and futures prices indicate that futures prices

-"The Forcciistin^ performance (if futures pricfs is iilso investigated usinj; the RFI prices, rather than
the settlement priees, at the expiration dav of the contrat t. RL'SIIUS from these tesls also indicate ihat
futures prices provide siiperidr forecasts than the ailernative model specificalions.
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one and two months from maturity provide unbiased forecasts of the
reali/ed spot prices. On the other hand, futures prices three months from
maturity are biased estimates of the realized spot prices. However, despite
the existence of a bias, futures prices provide more accurate forecasts of
the realized spot prices than forecasts generated from VECM, random
walk, ARIMA, and the Holt-Winters models. This finding emphasizes the
significance of tbe freight futures market as a price discovery center
where information about future supply and demand conditions is assim-
ilated and interpreted in an efficient manner.

The implications of these findings are the following. First, market
participants receive accurate signals from futures prices and can use tbe
information generated by these prices in order to guide their physical
market decisions; tberefore charterers or shipowners can use the futures
prices as indicators of the future course of BFI prices. Moreover, for
shorter maturities (that is, one and two months), the "average" hedger
can use the market efficiently without paying any risk premium. For
longer maturities, however, the existence of a bias in futures prices in-
creases the cost of bedging, and it seems tbat hedgers will have to trade
off the relatively higher hedging cost against the risk of heing unhedged.
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