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THE UNBIASEDNESS HYPOTHESIS IN THE FREIGHT FORWARD MARKET: EVIDENCE FROM COINTEGRATION TESTS

ABSTRACT

The current paper investigates the unbiasedness hypothesis of Forward Freight Agreement (FFA) prices in the freight over-the-counter forward market trades. Cointegration techniques are employed to examine the hypothesis. The results indicate that FFA prices one and two months before maturity are unbiased predictors of the realised spot prices, for all investigated routes. On the other hand, the unbiasedness of the market in the three months FFA prices depends on the specific route being investigated. More specifically, three months FFA prices for routes 1 and 1A are found to be biased predictors of spot prices, while FFA prices for routes 2 and 2A are unbiased predictors of spot prices. This diverse evidence suggests that the unbiasedness hypothesis depends on the specific characteristics of the market under investigation, the selected trading route and on the time to maturity of the contract. The failure of FFA prices to maintain a long-run cointegrating relationship with the expected spot prices is deemed to be the reason for the existence of a bias in FFA prices for some routes.     
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1. INTRODUCTION

In efficient markets, market agents process information rationally and incorporate current and past information into asset prices (Fama, 1970). In that sense, only new information, or news, should cause changes in prices. Since news are by definition unforecastable, then price changes (or returns) should be unforecastable; no information at time t or earlier should help to improve the forecast of prices (or returns)
. In such efficient markets, the existence of derivatives (futures/forward) markets can help to discover prices which are likely to prevail in the spot market
. In efficient markets, according to the unbiasedness hypothesis, forward contract prices must be unbiased estimators of the spot prices of the underlying asset that will be realised at the expiration date. 

This paper investigates this hypothesis for the Forward Freight Agreements (FFA) market. The aim of the creation (in 1992) of the FFA market was to provide a mechanism for hedging freight rate risk in the dry-bulk and wet-bulk sectors of the shipping industry. FFAs are principal-to-principal contracts between a seller and a buyer to settle a freight or hire rate, for a specified quantity of cargo or type of vessel, for usually one, or a combination of the major trade routes. Currently, FFA contracts have as the underlying asset spot freight rates in routes of the Baltic Panamax Index (BPI), the Baltic Handymax Index (BHMI), the Baltic Capesize Index (BCI), and the Baltic International Tanker Index (BITR). One counterparty takes the view that the price of an agreed freight route, at an agreed time, will be higher in the future, and buys FFA contracts (charterer), in order to sell them in the future at the higher price. The other party takes the opposite position, and sells FFA contracts (shipowner). Settlement is made on the difference between the contracted price (forward price) and the average price for the route selected in the index over the last seven working days. 

FFA contracts are traded in over-the-counter (OTC) derivative markets where two parties must agree to do business with each other. That means that each party accepts credit risk from the other party
. The primary advantages of an OTC market is that the terms and conditions are tailored to the specific needs of the two parties. It is a private market in which the general public does not know that the transaction was done. It can also save money by not normally requiring initial, maintenance and variation margins, common in the futures organised exchanges
. 

The special features of this market, in comparison to the existing literature on futures and forward markets, are: (i) the non-storable nature of the underlying commodity, being that of a service. The theory of intertemporal relationships between spot and derivatives prices of continuously storable commodities is well developed, in contrast to that of non-storable commodities (e.g. freight services). The non-storable nature of FFA market implies that spot and FFA prices are not linked by a cost-of-carry (storage) relationship, as in financial and agricultural derivatives markets. Thus, inter-dependence between spot and FFA prices may not be as strong as for storable commodities; and (ii) the asymmetric transactions costs between spot and FFA markets. These costs are believed to be higher in the spot freight market (in relation to the FFA market) as they involve the physical asset (vessel).
Several studies in the past have examined the unbiasedness hypothesis in various forward markets. In the forward exchange rate market, Hakkio and Rush (1989) reject the joint hypotheses of no predictable risk-premium and unbiased expectations for the one-month forward German mark and one-month forward British pound. Lai and Lai (1991) examine the one-month forward British pound, German mark, Swiss franc, Canadian dollar and Japanese yen exchange rates and report evidence against the unbiasedness hypothesis. Barnhart and Szakmary (1991), find that both spot and one-month forward exchange rates for the UK, Germany, Japan, and Canada are cointegrated, although they reject the parameter restrictions for unbiasedness for all currencies. Norbin and Reffett (1996) examine the three-months forward exchange rates for Germany, Canada, Japan, UK and Switzerland and report evidence in favour of the unbiasedness hypothesis. Luintel and Paudyal (1998) examine the one-month forward exchange rates for Germany, Canada, France, Japan and US vis-à-vis the UK forward exchange rate and show that unbiasedness could not be sustained, with the exception of the Canadian currency. Barnhart et al. (1999) report results in favour of unbiasedness, using end of month data for one-month forward exchange rates for the British, Canadian, German, French, Swiss, Japanese and Italian currencies. 

In the forward commodity market, Chowdhury (1991) rejects the unbiasedness hypothesis, in the examination of the quarterly lead, tin, zinc, and copper forward prices at the London Metal Exchange (LME), during the period 1971-1988. Krehbiel and Adkins (1993) find that three- and four-months forward contract prices and realised spot prices are cointegrated in the silver, copper, gold and platinum market of the Commodity Exchange (COMEX), but with the unbiasedness hypothesis to hold only for the platinum market. Moore and Cullen (1995) examine the aluminium, copper, lead, nickel, tin and zinc metal markets of the LME and conclude that unbiasedness cannot be rejected for four of these – aluminium, copper, lead, and zinc. Overall, the empirical evidence, based on cointegration techniques, is mixed. Thus, rejection or not of unbiasedness depends on the type of contract, the maturity of the contract, the market, and the time-period under investigation.

Investigation of the hypothesis for the freight forward market is interesting for the following reasons: First, the underlying asset is a service, which is a unique feature. Second, the price discovery function provides a strong and simple theory of the determination of spot prices that may prevail in the future. Third, if forward prices are to fulfil their price discovery role, they must provide accurate forecasts of the realised spot prices, and consequently provide new information in the market and in allocating economic resources (Stein, 1981). The existence of inefficiency of forward prices in marking spot prices can increase the cost of hedging, assuming that the market agents are fully informed when they set the forward price in FFA contracts
. Finally, the apparent lack of research in the freight forward trades further motivates this investigation as the findings can serve as a performance comparison with the Baltic International Freight Futures Exchange (BIFFEX) futures market, investigated by Kavussanos and Nomikos (1999), amongst others. 

The latter, examine the BIFFEX contract using cointegration techniques and find that futures prices one- and two-months from maturity provide unbiased forecasts of the realised spot prices. On the other hand, futures prices three-months from maturity seem to be biased estimates of the realised spot prices. The decrease in volume in BIFFEX contracts has coincided with the creation of the FFA market at the beginning of 1992 (Figure 1). Kavussanos and Nomikos (2000) attribute this to the inefficiencies of the BIFFEX to serve as an effective hedging instrument against freight fluctuations, leading to FFA’s emerging as the main tool which agents use for hedging in this market. Empirical examination of the efficiency of the FFA market would provide a helpful direction towards the validity of the above inference. 

The remainder of this paper is organised as follows. Section two presents the methodology for testing the unbiasedness hypothesis. Section three takes a preliminary look of the data and tests their statistical properties. Section four applies the cointegration methods to the FFA freight derivatives market and tests the unbiasedness hypothesis. Final remarks follow.

2. THE UNBIASEDNESS HYPOTHESIS AND COINTEGRATION

Theoretically, a forward price is equivalent to the expected spot price at maturity, under the joint hypothesis of no risk-premium and rational use of information
. The relationship can be tested empirically through the following equation (see for example Moore and Cullen, 1995; Barnhart et al., 1999):

                      St = β1 + β2 Ft,t-n + ut     ;    ut ~ iid(0,σ2)                                            (1) 

where Ft,t-n is the forward price of a n period maturity contract, St is the spot price at the maturity of the contract and ut is a white noise error process. Unbiasedness holds when the following parameter restrictions (β1, β2) = (0, 1) are valid.
Because most macroeconomic (time series) variables are found to be non-stationary use of ordinary least squares (OLS) to estimate Equation (1), result in inconsistent coefficient estimates and t- and F-statistics which do not follow standard distributions (Granger and Newbold, 1974). The cointegration framework, developed by Engle and Granger (1987) and Johansen (1988, 1991) can be used to resolve the problem and reliably test for unbiasedness
. Engle and Granger demonstrate that if two non-stationary variables are cointegrated, the variables follow a well-specified error-correction model (ECM), where the coefficient estimates, as well as the standard errors of the coefficients are consistent. 

The following vector error correction modelling (VECM) framework, proposed by Johansen (1998), is used to test for unbiasedness:

                  ΔXt = μ + 
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where Xt is the 2x1 vector (St, Ft,t-n)’, μ is a 2x1 vector of deterministic components which may include a linear trend term, an intercept term, or both, Δ denotes the first difference operator, εt is a 2x1 vector of residuals (uS,t, uF,t)’ and Σ the variance/covariance matrix of the latter. The VECM specification, contains information on both the short- and long-run adjustment to changes in Xt, via the estimates of Γi and Π, respectively.

Johansen and Juselius (1990), show that the coefficient matrix Π contains the essential information about cointegration between St and Ft,t-n. If rank(Π) = 0, then Π is 2x2 zero matrix implying that there is no cointegrating relationship between St and Ft,t-n. In this case the VECM reduces to a VAR model in first differences. If Π has a full rank, that is rank(Π) = 2, then all variables in Xt are I(0) and the appropriate modelling strategy is to estimate a VAR model in levels. If Π has a reduced rank, that is rank(Π) = 1, then there is a single cointegration relationship between St and Ft,t-n, which is given by any row of matrix Π and the expression ΠXt-1 is the error correction term. In this case, Π can be factored into two separate matrices α and β, both of dimensions 2x1, where 1 represents the rank of Π, such as Π = αβ’, where β’ represents the vector of cointegrating parameters and α is the vector of error correction coefficients, measuring the speed of convergence to the long-run steady state. 

Since rank(Π) equals the number of characteristic roots (or eigenvalues) which are different from zero, the number of distinct cointegration vectors can be obtained by estimating the number of these eigenvalues, which are significantly different from zero. The characteristic roots of the q x q matrix Π, are the values of λ which satisfy the following equation 
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The choice of the deterministic components that should be included in the VECM is important since the asymptotic distributions of the cointegration test statistics are dependent upon the presence of trends and/or constants in the VECM and is a task that must be supported by some economic argument
. Unbiasedness is tested by the following restrictions β1 = 0 and β2 = -1 on the cointegrating vector. The following statistic proposed by Johansen and Juselius (1990) may be used for that:  
          -
[image: image3.wmf](

)

(

)

[

]

1

1

1

1

l

l

)

l

)

l

-

-

-

*

n

n

T

   (   χ2 (2)

                    (3)

where 
[image: image4.wmf]1

l

)

 is the largest eigenvalue of the unrestricted model and 
[image: image5.wmf]*

1

l

)

 is the largest eigenvalue of the model with the imposed restrictions on the coin​te​grating vector. The asymptotic distribution of the likelihood ratio test statistic is χ2 with degrees of freedom equal to the number of assumed parameter restrictions (r) placed on β’. 

The Fully Modified Least Squares (FM-OLS) cointegration test, proposed by Phillips and Hansen (1990), and the Bierens (1997) non-parametric test can also be used to test for unbiasedness. Their use is motivated by the overlapping observations problem, present in the two- and three-months maturity periods, which may affect the Johansen (1988) test (Hansen and Hodrick, 1980). With overlapping contract periods, if the observation frequency of the sample data is, say h, where h < n (n is the maturity of the contract) in Equation (1), a moving average process of order n/h – 1 in the residuals may be generated. 

The Phillips and Hansen (1990) method applies a non-parametric correction to the OLS coefficient estimates and to their associated t-statistics to take into account the impact of autocorrelation on the residual term when the right hand side variables of Equation (1) are not weakly exogenous. The Phillips and Hansen (1990) method leads to fully modified estimates of both parameters and standard errors, which are asymptotically equivalent to maximum likelihood estimates
. The method of Phillips and Hansen (1990) does not suffer from the overlapping observations problem, since it only involves an adjustment to the OLS estimates of the cointegration vector without any reliance on the parameters governing the short-run dynamics (the estimate of the long-run covariance is positive definite in every case). 

Bierens (1997) proposes a multivariate non-parametric method of estimation of Equation (1), which is in the same spirit as Johansen’s method in that the test statistics are obtained from the solutions of a generalised eigenvalue problem and the hypotheses to be tested are the same. Their main important difference is that the Bierens method estimates two random matrices, in the generalised eigenvalue problem, constructed independently of the data generating process. These matrices consist of weighted means of the system variables in levels and first differences and are constructed such that their generalised eigenvalues share similar properties to those in the Johansen method
. In contrast, the Johansen’s (1990) method constructs the q x q ( matrix to be dependent on the data generating process in a parametric way.

3. DESCRIPTION OF THE DATA AND THEIR STATISTICAL PROPERTIES
From the creation of the FFA market on February 1st 1992 until November 1st 1999, the eleven panamax and capesize voyage and time-charter routes of the Baltic Freight Index (BFI) served as the underlying assets of the FFA trades, in the dry-bulk sector of the shipping industry. After the latter date, with the exclusion of the capesize routes and with the renamed index as BPI, the underlying assets of the FFA contracts are panamax routes. The composition of the BPI, as it stands on January 2001, is presented in Table 1.   

Data for FFA rates on four panamax routes, namely route 1, 1A, 2, and 2A, and three contract maturities – one-, two-, and three-months, are obtained from Clarkson Securities for the period 1996:01 – 2000:12
. The reason for using only four routes out of seven, and January 1996 as a starting date (instead of 1992), is due to the lack of quotes of shipbrokers for the remaining routes (3, 3A, and 4) and for the years 1992-1995. The FFA price series are the average (mid-point) of bid and offer quotes (Moore and Cullen, 1995; Evans and Lewis, 1995; Luintel and Paudyal, 1998). Data for spot freight rates for the same routes are obtained from Datastream for the period 1996:01 - 2000:12. 

Freight rates on the individual underlying trading routes are reported on a daily basis (at 11:00 a.m. London time) by a panel of eleven independent London shipbrokers to the Baltic Exchange and the latter reports them in the market at 13:00 p.m. London time. Each member of the panel submits, to the Baltic Exchange, its daily view of the rate on each constituent route of the Baltic indices. Each freight rate assessment is derived from actual fixtures, or in the absence of an actual fixture from the panellist’s expert view of what the rate would be on that day if a fixture had been agreed. Then the Baltic Exchange, for each trade route, after excluding the highest and lowest assessments of the day, takes an arithmetic average of the remaining. The average rate of each route is then multiplied by the Weighting Factor
 (WF) to return the contribution of each route to the index. Finally, by adding all the route contributions, an overall average index is created, for example the daily BPI. Volume figures for the FFA market are, unfortunately, not publicly available.
For the analysis, forward prices are matched with realised spot prices at the contract maturity (or prompt) date. The prompt date is normally the last trading day of each month, except for the December contract, which is the 20th of the month. If the prompt date falls on a non-business day, i.e. a Sunday or a holiday, it is relocated to the next available business day. The corresponding settlement price for FFA contracts is calculated as the average of the spot rates over the last five trading days or over the last five trading days prior to 20 December for the December contract, until November 1999. After November 1999 the settlement price is sampled as the average of the spot rates over the last seven trading days
. All price series are transformed in natural logarithms for analysis, and the largest sample period used is 1996:01 – 2000:12. 

Summary statistics of the logarithmic first difference series for spot and FFA prices for the four panamax routes are presented in Table 2. The unconditional means of the spot and FFA returns series are statistically zero in all cases. The standard deviations of the spot price series are higher than the FFA price series in all routes and for all maturities. Coefficients of skewness and kurtosis indicate mixed evidence for both spot and FFA return series. More specifically, the results (not shown) denote the existence of (i) excess skewness in route 1 in one- and two-months spot price series, and in route 2A three-months spot price series; (ii) excess kurtosis in routes 1 and 2A spot price series and in route 1A three-months FFA price series; Jarque-Bera (1980) tests indicate that, with the exception of routes 1 and 2A spot prices and route 1A three-months FFA prices, the return series follow normal distributions. 

Results of the Augmented Dickey-Fuller (ADF, 1981) and Phillips-Perron (PP, 1988) tests, in the same table, indicate that all variables are first-difference stationary. ADF and PP tests are criticised for lack of power in rejecting the null hypothesis of a unit root when it is false (Lee, et al., 2000). This lack of power is addressed by the KPSS test proposed by Kwiatkowski, et al. (1992), which has stationarity as the null hypothesis
. However, results from applying the KPSS test for the series confirm the ADF and PP test findings. 

Summary statistics on the forecast errors for one-, two-, and three-months maturities for each route, shown in Panel D of the same table, indicate that their means are statistically zero in all cases. It seems that the variance of the forecast errors increases as the forecast horizon increases from one to three months for all routes. The results of applying an F-variance ratio test to examine the above inference indicate that only the variances of the three-months forecast errors are significantly higher than the variances of the one-month forecasts for all routes, except for route 1 which is insignificant. Due to the small sample size, we apply a bootstrap procedure to confirm the above findings, which yields the same results (not shown). These findings are in line with Samuelson (1965) who argued that the volatility of a derivatives contract is a negative function of its time to maturity. 

4. EMPIRICAL RESULTS 

Having identified that spot and FFA prices are I(1) variables, Table 3 presents results which test for cointegration of these series. SBIC (1978) and AIC (1973), used to determine the lag length in the VECM, select 1, 2, and 1 lags for the one- two- and three-months maturities, respectively
. Use of the Johansen (1991) LR test of Equation (5) select a restricted intercept in the cointegration vector in all cases. The Johansen’s (1988) trace (λtrace) and maximum (λmax) statistics of Equations (3) and (4), in Table 3, indicate that FFA and realised spot prices are cointegrated for all maturities and for all routes, except for route 1A in the three-months maturity. The Reimers (1992) small sample correction on Johansen’s λtrace and λmax test statistics (denoted as λ*trace and λ*max) confirms cointegration of all variables except for routes 1 and 1A in the three-months maturity
. 

The unbiasedness hypothesis is examined next by testing the restrictions β1= 0 and β2 = -1 in the cointegration relationship β’Xt-1 = (1 β1 β2)(St-1 1 Ft-1; t-n-1)’. If these restrictions hold, then the price of the FFA contract is an unbiased predictor of the realised spot price. The estimated coefficients of the cointegrating vectors, the hypothesis tests on β’ using Equation (6), along with the residual diagnostics of the models, are presented in Tables 4 to 6 for the one- two- and three-months maturities, respectively. The results indicate that for the one- and two-months FFA prices, and for route 2 and 2A three-months FFA prices, unbiasedness cannot be rejected at conventional levels of significance. However, unbiasedness is rejected for routes 1 and 1A three-months FFA prices, as FFA and spot prices are not even cointegrated (see Table 3, Panel C).

As additional supporting evidence for our results, inference is also carried out using the Phillips and Hansen (1990) and Bierens (1997) non-parametric tests
. The Phillips and Hansen (1990) test, is applied on the OLS regression of the realised spot price on the FFA price of Equation (1). Results in Table 7 indicate that for the one- and two-months maturities the residuals are stationary. Thus, FFA and realised spot prices are cointegrated, with the parameter restrictions of unbiasedness to hold for routes 1, 1A, and 2A. For route 2 unbiasedness is rejected for both one- and two-months maturities. For the three-months maturity none of the FFA and the realised spot prices are cointegrated, and thus, unbiasedness is rejected for all routes
. 

After applying the Bieren’s (1997) (min and gm(r0) cointegration statistics to determine the cointegration rank, using Equation (1), results in Table 8 indicate that the FFA prices one- two- and three-months prior to maturity are cointegrated with the realised spot prices for all routes, with the exception of route 1A three-months FFA prices. To test for linear restrictions (unbiasedness) on the cointegrating vectors, we apply the trace statistic proposed by Bierens (1997). The results indicate that for those routes and maturities for which cointegration was found, unbiasedness cannot be rejected. The results of the Bierens (1997) test are in line with the Johansen results. Their only difference lies after the small sample correction of Reimers (1992), which indicates that FFA prices three-months prior to maturity for route 1 are not cointegrated and are thus, biased predictors of the realised spot prices.

In order to investigate the short-run properties of the spot and FFA prices, we examine the estimated error correction coefficients of the spot prices, α1, and of the FFA prices, α2, for the investigated routes (Tables 4 to 6). The results indicate that for the one-month maturity the error correction coefficients of both spot and FFA prices are statistically significant but have opposite signs. The negative spot price coefficients and the positive FFA price coefficients are in accordance with convergence towards a long-run equilibrium. Thus, in response to a positive forecast error both the FFA and the spot price series will increase and decrease in value, respectively in order to restore the long-run equilibrium. For the two-months maturity we observe that the coefficients on the spot prices are negative and statistically insignificant for routes 1 and 1A and positive and statistically insignificant for routes 2 and 2A. On the other hand, the coefficients on the FFA prices are positive and statistically significant for all routes. The sign and the significance of the coefficients indicate that only FFA prices respond to correct the previous period’s deviations and restore the long-run relationship. For the remaining three-months maturity the coefficients on the spot prices are statistically insignificant in both investigated routes, with a positive sign on route 2 and a negative sign on route 2A. Again only FFA prices correct the disequilibrium that is created from previous period’s deviations. 

The signs and the significance of the error correction coefficients for all routes and maturities are consistent with the empirical findings regarding the lack of a bias. Any disequilibrium from the previous period is not carried forward to the current period, as would be expected if there was a bias in FFA prices. More specifically, both spot and FFA prices respond to restore the long-run equilibrium in the one-month maturity, while in the two- and three-months maturities only FFA prices respond to the previous period’s deviations from the long-run equilibrium relationship and do all the correction to eliminate this disequilibrium. This finding is consistent with the hypothesis that past forecast errors affect the current forecasts of the realised spot prices, i.e. FFA prices, but not the spot prices themselves. The differences in signs and significance levels between routes in each maturity period, may lie in the different economic circumstances and trading fluctuations of each route, responding to different shocks in the system. 

The results of the analysis indicate that FFA prices in routes 1 and 1A three-months prior to maturity do not follow a long-run relationship with spot prices. The finding of no cointegration between spot and forward prices may be due to the following reasons: First, lack of cointegration is normally interpreted to imply either market inefficiency or that the markets do not represent the same asset (Engel, 1996). Second, many shipbrokers suggest that for a creditworthy agent to initiate a FFA contract with another, less creditworthy, agent, the former may require a security against a potential default of the latter in the form of a default-premium. Thus, the FFA price in Equation (1) may be substantially different than the spot price, by the existence of such a premium, creating lack of cointegration between them.

Finally, another reason for finding lack of cointegration may be that spot and forward prices differ in their ability to incorporate information (Crain and Lee, 1996). The international dry-bulk spot freight market provides an immediate fixture of a vessel, and suppliers and buyers on the spot market may not have time to respond to new market information. Due to the forward nature of the FFA market, there may be more time for information to be incorporated in prices. Thus, FFA prices, may be able to aggregate more information, and as a result to be set at a different level than spot prices, creating lack of cointegration between them. Yang and Leatham (1999) argue that this difference between commodity spot and forward prices may be more significant for commodities traded largely in international markets. In addition, the argument in Kavussanos and Nomikos (2000) that transaction costs are lower in the FFA compared to the spot/physical market contributes to the validity of argument put forward here.

Low trading may provide an explanation for finding lack of cointegration in some routes three-months prior to maturity (1 and 1A) and not in others (2 and 2A). Shipbrokers provide only actively trading dry-bulk routes as the underlying assets of the FFA contracts. From August 2000 shipbrokers stopped trading FFAs for routes 1 and 1A as their volumes decreased steadily, making FFA bid and offer prices for these routes to be almost unchanged for several months (especially prices for FFA contracts three-months prior to maturity)
. Consequently, FFA prices may have not followed closely the relevant underlying spot prices, creating a deviation in their long-run relationship. Moreover, finding FFA prices for atlantic routes (routes 1 and 1A) not cointegrated with the spot prices and FFA prices for pacific routes (routes 2 and 2A) cointegrated with the spot prices three-months prior to maturity, may be due to the different sampling periods, which may be liable to different economic circumstances (Engel, 1996)
.

Finally, another explanation may be the specific characteristics of the Atlantic and the pacific trades. Demand for shipping services in each trade depends on the economics of the commodities transported, world economic activity and the related macroeconomic variables of major economies involved (Stopford, 1997 p. 238). Kavussanos and Nomikos (1999) examine the futures BIFFEX contract and conclude that BIFFEX prices are cointegrated with spot prices one-, two-, and three-months prior to maturity, but find unbiasedness only in the first two maturities.  

The success of a derivatives contract is dependent upon the contract providing benefits to economic agents, over and above the benefits they can obtain from the spot market alone. These benefits are price discovery (which this paper investigates) and risk management through hedging. The implications of the analysis can be stated as follows. First, shipowners and charterers can receive accurate signals from FFA prices, one- and two-months prior to maturity for all investigated routes, and from FFA prices three-months prior to maturity for routes 2 and 2A, regarding the future course of spot prices. Consequently, market agents can use the information generated by FFA prices so as to guide their decisions in the physical market and secure their cash-flow (transportation costs). Freight rates may deviate from the expected level quite considerably, and eliminate expected operating profits (Kavussanos, 1996). Thus, FFAs may provide a valuable tool for a market agent operating in the dry-bulk sector to protect himself against adverse freight rate movements, by using unbiased FFA prices to better predict the spot market. 

Second, given the fact that FFA prices are found biased in routes 1 and 1A three-months prior to maturity (due to lack of cointegration), speculation and arbitrage opportunities may create possibilities for excess profits to be made. This however, could well provide an extra incentive for speculators to enter the market and consequently, attract the much-needed volume. 

Third, for the 1 and 1A shipping routes three-months prior to maturity, where FFA prices are found biased, risk-averse agents, with the choice of employing information from the FFA market to construct rolling-hedges, should avoid using these FFA contracts. It appears that the specific time of the expiration of the contracts is not a time when the markets are efficient and hence, it is not the time when the hedges should be rolled over (Holmes, 1993). Shipbrokers must have realised the aforementioned bias and as a policy action they have withdrawn FFA trading for these routes. The results of a clear absence of any cointegration relationship between spot and FFA prices three-months prior to maturity for routes 1 and 1A, confirms prior work of Leuthold (1979) and Naik and Leuthold (1988), which suggest the greater the distance over time the greater the degree of independence between spot and forward prices. However, to what extent FFA contracts can offset effectively the freight rate risk (hedging) and increase market agents wealth (speculation) are matters of further research. 

5. CONCLUSION

This paper investigates the unbiasedness hypothesis of freight forward FFA prices. Voyage routes 1 and 2 and time-charter routes 1A and 2A of the BPI index, from January 1996 to December 2000, have been examined. Parameter restriction tests on the cointegrating relationship between spot and FFA prices, indicate that FFA prices one- and two-months prior to maturity are unbiased predictors of the realised spot prices in all investigated routes. However, the efficiency of the FFA prices three-months prior to maturity gives mixed evidence, with routes 2 and 2A being unbiased estimators and with routes 1 and 1A being biased estimators of the realised spot prices. 

The results in this paper are in line with the studies by Moore and Cullen (1995) and Barnhart et al. (1999) which find unbiasedness for the one- and two-months commodity and foreign exchange forward prices, respectively. However, rejection of unbiasedness for the three-months FFA prices, for routes 1 and 1A, is not in line with the study of Norrbin and Reffett (1996) which provides evidence in favour of unbiasedness in the three-month foreign exchange forward prices, but is in line with the study of Krehbiel and Adkins (1993) which find three-months commodity forward prices biased estimators of the realised spot prices. Thus, it seems that unbiasedness depends on the market and type of contract under investigation. For the investigated routes and maturities for which unbiasedness holds, market agents can use the FFA prices as indicators of the future course of spot prices, in order to guide their physical market decisions. Furthermore, speculation and spread/arbitrage opportunities, due to the fact that FFA prices three-months prior to maturity for routes 1 and 1A are found to be biased, may provide the possibility for excess profits to be made, while it may increase the much-needed volume of this derivatives market. As a future research the price discovery function about current spot and FFA prices (lead/lag relationship) would complement the existing study. 
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Figure 1. Yearly Volumes of the BIFFEX Contract (May 1985 – June 1999)
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                Source: LIFFE, 1999.

Table 1. Baltic Panamax Index (BPI) – Route Definitions

	ROUTES
	ROUTE  DESCRIPTIONS
	SIZE OF VESSELS
	WEIGHTINGS

	1
	1-2 safe berths/anchorages Mississippi River not above Baton Rouge/Antwerp, Rotterdam, Amsterdam.
	55,000
	10%

	1A
	Transatlantic (including ESCA) round of 45/60 days on the basis of delivery and redelivery Skaw-Gibraltar range.
	70,000
	20%

	2
	1-2 safe berths/anchorages Mississippi River not above Baton Rouge/1 no combo port South Japan.
	54,000
	12.5%

	2A
	Basis delivery Skaw-Gibraltar range, for a trip via Gulf to the Far East, redelivery Taiwan-Japan range, duration 50/60 days.
	70,000
	12.5%

	3
	1 port US North Pacific/1 no combo port South Japan.
	54,000
	10%

	3A
	Transpacific round of 35/50 days either via Australia or Pacific (but not including short rounds such as Vostochy/ Japan), delivery and redelivery Japan/ South Korea range.
	70,000
	20%

	4
	Delivery Japan/ South Korea range for a trip via US West Coast – British Columbia range, redelivery Skaw-Gibraltar range, duration 50/60 days.
	70,000
	15%


Notes:               




              Source: Baltic Exchange, 2002.

· Routes 1A, 2A, and 3A refer to time-charter contracts, while 1, 2, 3, and 4 refer to voyage contracts.

Table 2. Descriptive Statistics on the Logarithmic First Differences of One-, Two-, and Three-Months Spot and FFA Prices

	Route 1
	Route 1A
	Route 2
	Route 2A


Panel A: One-Month Spot and FFA Price Series



	
	Mean
	STD
	ADF (lags) 
	PP(12)
	Mean
	STD
	ADF (lags)
	PP(12)
	Mean
	STD
	ADF (lags) 
	PP(12) 
	Mean
	STD
	ADF (lags) 
	PP(12) 

	Spot
	0.0052

(0.017)
	0.126
	-9.586 (0)
	-10.885
	0.003

(0.017)
	0.124
	-7.541 (0)
	-8.485
	-0.002

(0.011)
	0.085
	-7.455 (0)
	-8.629
	-0.005

(0.018)
	0.138
	-8.450 (0)
	-9.189

	FFA
	0.0033

(0.014)
	0.100
	-7.069 (0)
	-8.399
	-0.001

(0.016)
	0.115
	-6.860 (0)
	-7.649
	-0.002

(0.011)
	0.084
	-5.509 (0)
	-6.571
	-0.007

(0.015)
	0.115
	-5.936 (0)
	-6.759


Panel B: Two-Months Spot and FFA Price Series

	
	Mean
	STD
	ADF (lags)
	PP(12) 
	Mean
	STD
	ADF (lags) 
	PP(12) 
	Mean
	STD
	ADF (lags) 
	PP(12) 
	Mean
	STD
	ADF (lags) 
	PP(12) 

	Spot
	0.0024

(0.017)
	0.125
	-9.700 (0)
	-10.742
	-0.001

(0.019)
	0.136
	-7.596 (0)
	-8.393
	-0.003

(0.011)
	0.085
	-7.660 (0)
	-8.565
	-0.006

(0.018)
	0.139
	-8.563 (0)
	-9.031

	FFA
	0.0021

(0.013)
	0.094
	-6.001 (0)
	-7.316
	-0.003

(0.016)
	0.113
	-5.756 (0)
	-6.496
	0.000

(0.011)
	0.084
	-5.039 (0)
	-5.847
	-0.004

(0.016)
	0.121
	-5.971 (0)
	-6.627


Panel C: Three-Months Spot and FFA Price Series

	
	Mean
	STD
	ADF (lags) 
	PP(12) 
	Mean
	STD
	ADF (lags) 
	PP(12) 
	Mean
	STD
	ADF (lags) 
	PP(12) 
	Mean
	STD
	ADF (lags) 
	PP(12) 

	Spot
	0.0007

(0.017)
	0.126
	-9.546 (0)
	-10.607
	-0.002

(0.019)
	0.137
	-7.271 (0)
	-8.332
	-0.003

(0.012)
	0.086
	-7.311 (0)
	-8.492
	-0.008

(0.019)
	0.139
	-8.257 (0)
	-9.029

	FFA
	0.0014

(0.013)
	0.092
	-6.154 (0)
	-7.163
	-0.003

(0.014)
	0.101
	-5.736 (0)
	-6.272
	0.001

(0.009)
	0.073
	-5.057 (0)
	-5.966
	-0.004

(0.014)
	0.102
	-5.439 (0)
	-6.046


Panel D: Descriptive Statistics of Forecast Errors

	
	Meana
	S2 a
	Test for Equal S2 a 
	Meanb
	S2 b 
	Test for Equal S2 b 
	Meanc
	S2 c 
	Test for Equal S2 c 
	Meand
	S2 d 
	Test for Equal S2 d 

	1 M
	-0.0653
	2.4807
	1.0523 [0.426]
	-102.20
	1,549,932
	1.3047 [0.167]
	-0.1655
	3.4063
	1.5045 [0.062]
	-263.307
	1,921,919
	1.3376 [0.136]

	2 M
	-0.0222
	2.6105
	1.5512 [0.056]
	-117.98
	2,021,205
	1.8780 [0.012]
	-0.2323
	5.1248
	2.3251 [0.001] 
	-321.824
	2,570,709
	1.9549 [0.006]

	3 M
	-0.0092
	3.8480
	1.4741 [0.081]
	-193.66
	2,910,738
	1.4401 [0.095]
	-0.2853
	7.9198
	1.5454 [0.050]
	-415.398
	3,757,209
	1.4615 [0.078]


Notes: 

· a Route 1, b Route 1A, c Route 2, and d Route 2A. All series are measured in logarithmic first differences. Routes 1 and 1A are sampled from January 1996 to July 2000, while routes 2 and 2A are sampled from January 1996 to December 2001.
· Mean and STD are the sample mean and standard deviation in series. Standard errors of the sample mean are in parentheses (.). 
· ADF is the Augmented Dickey Fuller (1981) test in log-first differences. The ADF regressions include an intercept term; the lag-length of the ADF test (in parentheses) is determined by minimising the SBIC. PP is the Phillips and Perron (1988) test in log-first differences; the truncation lag for the test is in parentheses. The 5% critical value for the ADF and PP tests is –2.89. 

· S2 is the variance of the series. The F test is the variance ratio test for the null hypothesis of the equality of variances; F=Sx2/Sy2 ~ F[(n1 –1), n2 –1)].

Table 3. Johansen (1988) Tests for the Number of Cointegrating Vectors

Between FFA and Spot Prices 

Panel A: One-Month Maturity (Lag Length of VECM is 1)

	
	Hypothesis

(Maximal)
	Test Statistic
	Hypothesis

(Trace)
	Test Statistic
	95% Critical Values

	
	H0
	H1
	λmax
	λ*max
	H0
	H1
	λtrace
	λ*trace
	λmax
	λtrace

	     Route 1
	r = 0
	r =1
	33.17
	31.94
	r = 0
	r >=1
	34.51
	33.24
	15.67
	19.96

	
	r <=1
	r =2
	1.35
	1.30
	r <=1
	r =2
	1.35
	1.30
	9.24
	9.24

	Route 1A
	r = 0
	r =1
	29.19
	28.11
	r = 0
	r >=1
	30.51
	29.38
	15.67
	19.96

	
	r <=1
	r =2
	1.32
	1.27
	r <=1
	r =2
	1.32
	1.27
	9.24
	9.24

	     Route 2
	r = 0
	r =1
	37.21
	35.93
	r = 0
	r >=1
	39.41
	38.05
	15.67
	19.96

	
	r <=1
	r =2
	2.19
	2.12
	r <=1
	r =2
	2.19
	2.12
	9.24
	9.24

	Route 2A
	r = 0
	r =1
	40.93
	39.52
	r = 0
	r >=1
	43.40
	41.90
	15.67
	19.96

	
	r <=1
	r =2
	2.47
	2.39
	r <=1
	r =2
	2.47
	2.39
	9.24
	9.24


Panel B: Two-Months Maturity (Lag Length of VECM is 2)

	
	Hypothesis

(Maximal)
	Test Statistic
	Hypothesis

(Trace)
	Test Statistic
	95% Critical Values

	
	H0
	H1
	λmax
	λ*max
	H0
	H1
	λtrace
	λ*trace
	λmax
	λtrace

	     Route 1
	r = 0
	r =1
	20.73
	19.16
	r = 0
	r >=1
	23.33
	21.57
	15.67
	19.96

	
	r <=1
	r =2
	2.60
	2.41
	r <=1
	r =2
	2.60
	2.41
	9.24
	9.24

	Route 1A
	r = 0
	r =1
	27.89
	25.79
	r = 0
	r >=1
	31.47
	29.09
	15.67
	19.96

	
	r <=1
	r =2
	3.57
	3.30
	r <=1
	r =2
	3.57
	3.30
	9.24
	9.24

	     Route 2
	r = 0
	r =1
	38.61
	35.90
	r = 0
	r >=1
	42.69
	39.69
	15.67
	19.96

	
	r <=1
	r =2
	4.08
	3.80
	r <=1
	r =2
	4.08
	3.80
	9.24
	9.24

	Route 2A
	r = 0
	r =1
	42.95
	39.94
	r = 0
	r >=1
	46.78
	43.49
	15.67
	19.96

	
	r <=1
	r =2
	3.82
	3.56
	r <=1
	r =2
	3.82
	3.56
	9.24
	9.24


Panel C: Three-Months Maturity (Lag Length of VECM is 1)

	
	Hypothesis

(Maximal)
	Test Statistic
	Hypothesis

(Trace)
	Test Statistic
	95% Critical Values

	
	H0
	H1
	λmax
	λ*max
	H0
	H1
	λtrace
	λ*trace
	λmax
	λtrace

	     Route 1
	r = 0
	r =1
	16.16
	15.54
	r = 0
	r >=1
	19.03
	18.30
	15.67
	19.96

	
	r <=1
	r =2
	2.87
	2.76
	r <=1
	r =2
	2.87
	2.76
	9.24
	9.24

	Route 1A
	r = 0
	r =1
	15.80
	15.20
	r = 0
	r >=1
	19.03
	18.30
	15.67
	19.96

	
	r <=1
	r =2
	3.23
	3.11
	r <=1
	r =2
	3.23
	3.11
	9.24
	9.24

	     Route 2
	r = 0
	r =1
	27.19
	26.22
	r = 0
	r >=1
	31.22
	30.10
	15.67
	19.96

	
	r <=1
	r =2
	4.03
	3.88
	r <=1
	r =2
	4.03
	3.88
	9.24
	9.24

	Route 2A
	r = 0
	r =1
	23.50
	22.65
	r = 0
	r >=1
	27.19
	26.22
	15.67
	19.96

	
	r <=1
	r =2
	3.70
	3.57
	r <=1
	r =2
	3.70
	3.57
	9.24
	9.24


Notes: 

· r represents the number of cointegrating vectors, 
· λmax(r,r+1) = -T 
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i are the estimated eigenvalues of the Π matrix in Equation (2). 
· λ*max = (T – kp)/T λmax and λ*trace = (T – kp)/T λtrace, are small-sample adjusted cointegrating rank tests, where k is the number of regressors in the VECM (Reimers, 1992). 
· Critical values are from Osterwald-Lenum (1992), Table 1*.
Table 4. Likelihood Ratio Tests of Parameter Restrictions on the Normalised Cointegrating Vector of One-Month FFA and Spot Prices

Panel A: Model Specification
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	Coefficient Estimates
	Hypothesis Tests on β’

	
	α 1
	α2
	 β’ = (1 β1 β2)
	H0: 

β1 = 0
	H0: 

β2 = -1
	H0:

β1 = 0 and β2 = -1

	  Route 1
	-0.385

(-3.392)
	0.440

(5.544)
	1
	-0.049
	-0.976
	0.0301

[0.860]
	0.043

[0.835]
	0.249

[0.883]

	Route 1A
	-0.326

(-2.834)
	0.420

(4.938)
	1
	0.4278
	-1.0456
	0.216

[0.642]
	0.201

[0.654]
	0.561

[0.755]

	  Route 2
	-0.099

(-1.807)
	0.026

(0.463)
	1
	-0.3517
	-0.8827
	3.457

[0.063]
	3.494

[0.062]
	3.504

[0.173]

	Route 2A
	-0.268

(-2.180)
	0.528

(6.547)
	1
	-0.1550
	-0.9815
	0.737

[0.786]
	0.089

[0.765]
	0.790

[0.674]


· Notes: 

· α1 and α2 are the coefficient estimates of the error correction model implied by the normalised cointegrating parameters, t-statistics for the null hypothesis (αi = 0) are in parentheses (.). 

· Estimates of the coefficients in the cointegrating vector are normalised with respect to the coefficient of the spot rate, St. 

· The statistic for the unbiasedness hypothesis tests on the coefficients of the cointegrating vector is –T [
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1 denote the largest eigenvalues of the restricted and the unrestricted models, respectively. The statistic is distributed as χ2 with degrees of freedom equal to the total number of restrictions minus the number of the just identifying restrictions, which equals the number of restrictions placed on the cointegrating vector. Exact significance levels are in square brackets [.]. 

Panel B: Residual Diagnostics

	
	Residuals
	LM(1)
	Q(12)
	ARCH(4)
	J-B

	  Route 1
	 uS,t
	0.013 [0.908]
	8.789 [0.721]
	0.609 [0.962]
	85.561 [0.000]

	
	 uF,t
	3.792 [0.051]
	20.922 [0.052]
	4.021 [0.400]
	0.8539 [0.653]

	Route 1A
	 uS,t
	1.822 [0.177]
	5.632 [0.933]
	9.096 [0.059]
	1.0875 [0.581]

	
	 uF,t
	2.689 [0.101]
	22.167 [0.036]
	1.788 [0.775]
	1.4330 [0.488]

	  Route 2
	 uS,t
	0.898 [0.343]
	7.430 [0.828]
	1.199 [0.878]
	0.0305 [0.985]

	
	 uF,t
	0.772 [0.380]
	12.396 [0.414]
	5.841 [0.211]
	1.3730 [0.503]

	Route 2A
	 uS,t
	0.131 [0.718]
	7.911 [0.792]
	3.131 [0.536]
	3.8268 [0.148]

	
	 uF,t
	7.729 [0.005]
	50.064 [0.000]
	5.014 [0.286]
	0.7210 [0.697]

	
	5% c. v.
	3.84
	21.03
	9.49
	5.99


Notes: 

· uS,t and uF,t are the estimated residuals from the spot and the FFA equation in the VECM, respectively. 

· LM(1) is the Godfrey (1978) Lagrange Multiplier test for serial correlation of order 1 and is asymptotically distributed as χ2(1).

· Q(12) is the Ljung-Box (1978) Q statistic of the sample autocorrelation function on the first 12 lags and is distributed as χ2(12). 

· ARCH(4) is the Engle (1982) test for ARCH effects and is distributed as χ2(4). 

· J-B is the Jarque-Bera (1980) test for normality and is distributed as χ2(2). Exact significance levels are in square brackets [.].

Table 5. Likelihood Ratio Tests of Parameter Restrictions on the Normalised Cointegrating Vector of Two-Months FFA and Spot Prices

Panel A: Model Specification
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	Coefficient Estimates
	Hypothesis Tests on β’

	
	α1
	α2
	 β’ = (1 β1 β2)
	H0: 

β1 = 0
	H0: 

β2 = -1
	H0:

β1 = 0 and β2 = -1

	  Route 1
	-0.359

(-0.271)
	0.417

(4.601)
	1
	0.178
	-1.067
	0.204

[0.652]
	0.173

[0.678]
	0.507

[0.776]

	Route 1A
	-0.009

(-0.066)
	0.517

(5.377)
	1
	0.896
	-1.097
	0.846

[0.358]
	0.809

[0.368]
	2.434

[0.488]

	  Route 2
	0.213

(1.701)
	0.642

(7.209)
	1
	-0.099
	-0.965
	0.242

[0.623]
	0.264

[0.607]
	0.395

[0.821]

	Route 2A
	0.057

(0.423)
	0.631

(7.482)
	1
	0.591
	-1.062
	0.989

[0.320]
	0.924

[0.336]
	2.129

[0.345]


See Notes in Table 4, Panel A. 

Panel B: Residual Diagnostics

	
	Residuals
	LM(1)
	Q(12)
	ARCH(4)
	J-B

	   Route 1
	 uS,t
	3.128 [0.077]
	7.663 [0.811]
	0.188 [0.996]
	57.946 [0.000]

	
	 uF,t
	2.158 [0.142]
	36.767 [0.000]
	2.577 [0.631]
	1.357 [0.507]

	Route 1A
	 uS,t
	2.695 [0.101]
	4.157 [0.980]
	2.808 [0.590]
	3.482 [0.175]

	
	 uF,t
	2.383 [0.123]
	44.042 [0.000]
	7.135 [0.129]
	1.861 [0.394]

	   Route 2
	 uS,t
	0.027 [0.869] 
	6.654 [0.880]
	1.097 [0.895]
	1.1494 [0.563]

	
	 uF,t
	4.521 [0.033]
	33.336 [0.001]
	3.577 [0.466]
	0.535 [0.765]

	Route 2A
	 uS,t
	0.206 [0.650]
	5.364 [0.945]
	6.226 [0.183]
	4.781 [0.092]

	
	 uF,t
	4.206 [0.040]
	45.022 [0.000]
	4.426 [0.351]
	0.481 [0.786]

	
	5% c. v.
	3.84
	21.03
	9.49
	5.99


See Notes in Table 4, Panel B.

Table 6. Likelihood Ratio Tests of Parameter Restrictions on the Normalised Cointegrating Vector of Three-Months FFA and Spot Prices

Panel A: Model Specification
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	Coefficient Estimates
	Hypothesis Tests on β’

	
	α 1
	α2
	 β' = (1 β1 β2)
	H0: 

β1 = 0
	H0: 

β2 = -1
	H0:

β1 = 0 and β2 = -1

	      Route 1
	-
	-
	-
	-
	-
	-
	-
	-

	Route 1A
	-


	-
	-
	-
	-
	-
	-
	-

	      Route 2
	0.005

(0.068)
	0.314

(5.724)
	1
	-0.399
	-0.863
	1.017

[0.313]
	1.079

[0.299]
	1.346

[0.510]

	Route 2A
	-0.088

(-0.978)
	0.287

(5.287)
	1
	-0.004
	-0.997
	0.0001

[0.998]
	0.0005

[0.982]
	0.456

[0.796]


See Notes in Table 4, Panel A. 

Panel B: Residual Diagnostics

	
	Residuals
	LM(1)
	Q(12)
	ARCH(4)
	J-B

	      Route 1
	 uS,t
	-
	-
	-
	-

	
	 uF,t
	-
	-
	-
	-

	Route 1A
	 uS,t
	-
	-
	-
	-

	
	 uF,t
	-
	-
	-
	-

	       Route 2
	 uS,t
	2.448 [0.118]
	7.706 [0.808]
	0.449 [0.978]
	0.907 [0.636]

	
	 uF,t
	0.948 [0.330]
	24.137 [0.019]
	2.761 [0.599]
	1.949 [0.377]

	Route 2A
	 uS,t
	1.630 [0.202]
	7.930 [0.791]
	1.945 [0.746]
	3.444 [0.179]

	
	 uF,t
	1.252 [0.263]
	38.835 [0.000]
	9.290 [0.054]
	0.557 [0.757]

	
	5% c. v.
	3.84
	21.03
	9.49
	5.99


See Notes in Table 4, Panel B.

Table 7. Unbiasedness Hypothesis Tests using the Phillips-Hansen (1990) Fully Modified Least Squares Estimator

Panel A: One-Month Maturity 

	
	Cointegration Tests
	Coefficient Estimates
	Hypothesis Tests

	
	 τ (lags) (a)
	Z (lags) (b)
	β1
	β2
	H0: β1 = 0
	H0: β2 = 1
	H0: β1= 0, β2 = 1

	Route 1
	-5.852 (0)
	-6.174 (10)
	0.351

(0.240)
	0.855

(0.098)
	2.136

[0.144]
	2.215

[0.137]
	2.297

[0.317]

	Route 1A
	-5.421 (0)
	-5.362 (10)
	0.511

(0.7635)
	0.942

(0.084)
	0.448

[0.503]
	0.474

[0.491]
	0.923

[0.630]

	Route 2
	-5.919 (0)
	-6.234 (10)
	0.531

(0.158)
	0.823

(0.052)
	11.234

[0.001]
	11.433

[0.001]
	11.513

[0.003]

	Route 2A
	-6.031 (0)
	-6.117 (10)
	0.826

(0.559)
	0.908

(0.061)
	2.178

[0.140]
	2.296

[0.130]
	3.625

[0.163]


Panel B: Two-Months Maturity 

	
	Cointegration Tests
	Coefficient Estimates
	Hypothesis Tests

	
	 τ (lags) (a)
	Z (lags) (b)
	β1
	β2
	H0: β1 = 0
	H0: β2 = 1
	H0: β1= 0, β2 = 1

	Route 1
	-3.909 (0)
	-3.996 (10)
	0.424

(0.316)
	0.821

(0.128)
	1.889

[0.169]
	1.964

[0.161]
	2.057

[0.358]

	Route 1A
	-3.563 (0)
	-3.493 (10)
	1.019

(0.987)
	0.885

(0.109)
	1.068

[0.301]
	1.109

[0.292]
	1.556

[0.459]

	Route 2
	-3.536 (0)
	-3.557 (10)
	0.621

(0.237)
	0.791

(0.078)
	6.865

[0.009]
	7.088

[0.008]
	7.341

[0.025]

	Route 2A
	-3.932 (0)
	-3.826 (10)
	0.973

(0.814)
	0.891

(0.088)
	1.428

[0.232]
	1.516

[0.218]
	2.677

[0.262]


Panel C: Three-Months Maturity 

	
	Cointegration Tests
	Coefficient Estimates
	Hypothesis Tests

	
	 τ (lags) (a)
	Z (lags) (b)
	β1
	β2
	H0: β1 = 0
	H0: β2 = 1
	H0: β1= 0, β2 = 1

	Route 1
	-3.435 (0)
	-3.448 (10)
	-
	-
	-
	-
	-

	Route 1A
	-2.984 (0)
	-3.023 (10)
	-
	-
	-
	-
	-

	Route 2
	-3.051 (0)
	-3.171 (10)
	-
	-
	-
	-
	-

	Route 2A
	-3.440 (0)
	-3.434 (10)
	-
	-
	-
	-
	-


Notes: 

· The estimation method is the Phillips and Hansen (1990) Fully-Modified OLS. Estimation is carried out using Parzen weights; the truncation lag is set equal to 1, 2, and 1 for the one-, two- and three-months maturities, respectively, minimising the SBIC. 

· (a) τ is the Dickey and Fuller (1981) residual-based test for cointegration; the lag length (in parentheses (.)) is determined by minimising the SBIC. 

· (b) Z is the Phillips and Perron (1988) test for cointegration; the truncation lag (in parentheses (.)) is computed using the formula suggested by Schwert (1989) i.e. int[12(N/100)0.25]. 

· The critical values for the τ and Z tests for the null hypothesis of no cointegration (I(1)) are: for the one-month –3.45128, -3.45128, -3.44325, and –3.44325 for routes 1, 1A, 2, and 2A, respectively. For the two-months –3.45348, -3.45348, -3.44515, and –3.44515 for routes 1, 1A, 2, and 2A, respectively. For the three-months –3.45577, -3.45577, -3.44712, and –3.44712 for routes 1, 1A, 2, and 2A, respectively (MacKinnon, 1991). 

· The asymptotic standard errors of the coefficient estimates are in parentheses (.). Hypotheses tests on the coefficient estimates are carried out using a Wald test distributed as χ2 with degrees of freedom equal to the number of restrictions. Exact significance levels are in square brackets [.]. 

Table 8. Unbiasedness Hypothesis Tests using the Bierens (1997) Test

Panel A: One-Month Maturity 
	
	Hypothesis λmin
	Critical Values
	Hypothesis gm(r0)
	Coef. Estimates
	Hypothesis Test 

	
	r = 0 / r = 1 (r = 1 / r = 2)
	5% Level
	r0 = 0, 1, 2
	( Spot, FFA)
	H0: β’ (1 –1)

	  Route 1
	0.0009

1.3587
	(0.017)

(0.054)
	12.99e+003

12.16e-002

65.44e+001
	(1, -0.8446)
	1.41a

	Route 1A
	0.0001

0.8892
	(0.017)

(0.054)
	13.54e+004

27.23e-003

62.80e+000
	(1, -0.6126)
	2.08a

	  Route 2
	0.0005

1.3097
	(0.017)

(0.054)
	12.37e+006

15.85e-005

91.48e-002
	(1, -0.9529)
	1.10a

	Route 2A
	0.0002

1.5895
	(0.017)

(0.054)
	18.31e+004

72.70e-004

61.79e+000
	(1, -0.8685)
	1.37a


Panel B: Two-Months Maturity 
	
	 Hypothesis λmin
	Critical Values
	Hypothesis gm(r0)
	Coef. Estimates
	Hypothesis Test 

	
	r = 0 / r = 1 (r = 1 / r = 2)
	5% Level
	r0 = 0, 1, 2
	( Spot, FFA)
	H0: β’ (1 –1)

	  Route 1
	0.0000

1.4003
	(0.017)

(0.054)
	12.21e+007

11.73e-006

64.61e-003
	(1, -0.7914)
	1.26a

	Route 1A
	0.0014

0.8839
	(0.017)

(0.054)
	10.14e+002

35.45e-001

77.79e+002
	(1, -0.6122)
	3.77a

	  Route 2
	0.0023

1.4766
	(0.017)

(0.054)
	16.91e+002

88.17e-002

62.43e+002
	(1, -0.7745)
	1.62a

	Route 2A
	0.0020

1.9603
	(0.017)

(0.054)
	29.23e+001

28.93e-001

36.12e+003
	(1, -0.7129)
	1.85a


Panel C: Three-Months Maturity 
	
	Hypothesis λmin
	Critical Values
	 Hypothesis gm(r0)
	Coef. Estimates
	Hypothesis Test 

	
	r = 0 / r = 1 (r = 1 / r = 2)
	5% Level
	r0 = 0, 1, 2
	( Spot, FFA)
	H0: β’ (1 –1)

	  Route 1
	0.0000

1.5101
	(0.017)

(0.054)
	59.33e+005

19.99e-005

12.32e-001
	(1, -0.9967)
	1.41a

	Route 1A
	0.0184

1.1467
	(0.017)

(0.054)
	47.67e+000

43.14e+000

15.34e+004
	-
	-

	  Route 2
	0.0103

1.6007
	(0.017)

(0.054)
	30.55e+001

40.06e-001

32.19e+003
	(1, -0.6207)
	2.15a

	Route 2A
	0.0081

2.1553
	(0.017)

(0.054)
	57.77e+000

11.69e+000

17.02e+004
	(1, -0.5601)
	2.90a


· Notes: 

· λmin is the Lambda-min test statistic, the parameter m is chosen from optimal values tabulated in Bierens (1997). Critical values, in parentheses, for the 5% significance level are from Bierens (1997). gm(r0) estimates the number of the cointegration rank, r, consistently (0, 1, 2), m = 2q. Bold indicates minimum value of statistic. 

· The estimated cointegrating vector is normalised with respect to realised spot prices. 

· The hypothesis test on the cointegrating vector is the Bieren’s Trace test for linear restrictions, m = 2q with q the dimension of the system. a Significant at the 5% level.  
� Forecast errors should be therefore zero on average and should be uncorrelated with any information that is available at the time the forecast was made. 


� A derivatives contract is a financial security whose value is determined in part from the value and characteristics of the underlying (spot) security. The underlying security is the security subject to being purchased or sold upon expiration of the derivatives contract.


� If during the life of the contract, the forward price continually mirrors the spot price, then there is negligible credit risk associated with the forward contract and the contract can be sold at the market price. The credit risk associated with forward contracts can take the form of the risk that occurs when one party is not performing, on the expiration date, the obligations relative to a change in the value of the forward contract from zero.


� In futures markets, the trader is required to place with the clearing-house an initial margin, which is an amount of money on a per contract basis and is set at a size to cover the clearing-house against any loses which the trader’s new position might incur during the day. Moreover, futures contracts are mark-to-market at the end of each trading day. That is, the resulting profit or loss is settled on that day. Traders are required to post a variation margin in order to cover the extent to which their trading positions show losses.





� When forward prices are well above (below) the expected spot prices, long (short) hedgers are obliged to buy (sell) the forward contracts at a premium (discount) over the price they expect to prevail on expiration.


� It is assumed that forward prices are unbiased estimators of expected spot prices (no risk premium) and that expectations in the market are formed rationally, where market participants are fully informed and their forecasts when forming their predictions have no systematic mistakes.


� If a stochastic process must be differenced once in order to become stationary, then the series contains one unit root and is said to be integrated of order one [I(1)]. If St and Ft,t-n are I(1) series, any linear combination among these two series will also be I(1). However, there may be a number b such that St - bFt,t-n = εt is stationary. In this special case the two price series, St and Ft,t-n, are said to be cointegrated of order CI(1,1), implying that they cannot drift apart, but return to the long-run equilibrium level.  





� Johansen (1988), proposes the following two statistics to test for the rank of Π: the �EMBED Equation.3��� and the �EMBED Equation.3���, where �EMBED Equation.3���and � EMBED Equation.3  ���are the estimated eigenvalues obtained from the estimated Π matrix, and T is the number of usable observations. The �EMBED Equation.3��� tests the null that there are at most r cointegrating vectors, against the alternative that the number of cointe�grating vectors is greater than r and the �EMBED Equation.3��� tests the null that the number of cointegrating vectors is r, against the alternative of r + 1. Critical values for the �EMBED Equation.3��� and �EMBED Equation.3��� statistics are provided by Osterwald-Lenum (1992).


� The following test proposed by Johansen (1991) is employed to test the most appropriate specification: �EMBED Equation.3��� distributed as χ2 (1), where �EMBED Equation.3��� and �EMBED Equation.3��� represent the smallest eigenvalues of the model that includes an intercept term in the cointegration vector and an intercept term in the short-run model, respectively.





� The fully modified estimator [� EMBED Equation.3  ���1+� EMBED Equation.3  ���2+]’ is given as: [� EMBED Equation.3  ���1+� EMBED Equation.3  ���2+]’ = (X’X)-1[X’Y+ - e1k� EMBED Equation.3  ���21+], where, X is a vector of FFA prices ([1,Ft]t=1 ,…, k ), Y+ is a vector of realised spot prices ([St+1+]t=1 ,…, k), k is the number of observations, � EMBED Equation.3  ���21 is an estimate of the second-order bias effect of estimating the cointegrating relationship by OLS, and e1 is assumed to be strictly stationary and ergodic with zero mean and finite covariance.


� The general framework, within which the Bierens (1997) non-parametric tests and estimators are considered assumes an observable n-variate process zt, t = 1,…,k, generated as: t = π0+ π1t + yt, where π0 (nx1) and π1 (nx1) are optional means and trend terms, and yt is a zero-mean unobservable process such that Δyt is stationary and ergodic. Apart from the regularity conditions, the method does not require further specification of the data generating process for zt, and in this sense, it is completely non-parametric. 


� For routes 1 and 2 (voyage routes) the prices are quoted in $/ton, and for routes 1A and 2A (time-charter routes) the prices are quoted in $/day. 


� The WF is a constant, unique for each route, and reflects the importance of each route to the index. For example, the WF for each BPI route is: 11.185 (route 1), 0.027 (route 1A), 7.067 (route 2), 0.015 (route 2A), 9.307 (route 3), 0.031 (route 3A), 0.023 (route 4).





� Using the freight rate of each route on the maturity day for our analysis, rather than the average of the last five/seven trading days, did not change our results qualitatively.


� The test statistic of the KPSS (1992) test is calculated as: nt = T-2� EMBED Equation.2  ���Kt�2/K2(L), where L is the lag parameter, Kt is the cumulative sum of the residuals (et) from a regression of the series on a constant and a linear trend and K2(L) = T-1� EMBED Equation.2  ���et2 + 2T-1� EMBED Equation.2  ���(1-K/(L+1)) � EMBED Equation.2  ���etet-k.


� The lag length corresponds to an unrestricted VAR in levels: Xt = �EMBED Equation.3���AiXt-i + et. A VAR with p lags of the dependent variable can be reparameterised in a VECM with p-1 lags of first differences of the dependent variable plus the levels terms.


� Reimers (1992) small sample correction consists of using the factor (T – kp) instead of T in the calculation of the λmax and λtrace, where T is the number of observations, k is the number of regressors, and p is the lag length of the VECM. 


� Use of the Phillips and Hansen (1990) test and the Bierens (1997) test is motivated by the overlapping observations problem, present in the two- and three-months price series, which may affect the Johansen (1988) test (Hansen and Hodrick, 1980).


� The discrepancy in our results from the Johansen (1988) test may be attributed to the low power of residual-based cointegration tests compared to the Johansen (1988) test. Another reason is the small-sample correction of Reimers (1992) in the Johansen (1988) test.


� Personal interviews of the authors with shipbrokers.


� Routes 1 and 1A are sampled from January 1996 to July 2000, while routes 2 and 2A are sampled from January 1996 to December 2001.
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