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ABSTRACT

This paper argues that the risk premium in the freight markets should be time varying and depend on the state of the current spot freight market.  The implied risk premium in various dry-bulk shipping sectors is estimated based on a nonparametric spot freight rate model.  The empirical results suggest that the risk premium in the freight markets varies around a near-zero mean and that it is a decreasing function of the spot freight rate level.

Introduction

The term structure of freight rates indicates the prevailing freight rate for charters of different durations for a given vessel.  In general, the level of the short-term freight rate is determined by current supply and demand, while long-term freight rates are determined by the market’s expectations about future spot freight rates and interest rates, as well as the risk premium in the freight market. While the term structure of interest rates is clearly defined by the prices of standardized traded assets in a liquid market (zero-coupon bills, notes, and bonds), the term structure of freight rates is a rather vague concept in practice, as period charter rates cannot be deduced from the prices of actively traded and identical assets.  Nor can actual market fixtures usually provide sufficient data to determine the detailed shape of the term structure of freight rates or its development over time.  The main reason is that the market for period charters is very illiquid and can be inactive for long periods of time.  Moreover, the reported period time charters can range in duration from a few days to the full life of a ship.  Typically, the number of observations decreases with the time charter duration.  Hence, the number of observations for a given duration will be very low, if any transactions have been recorded at all, even for a relatively long sample period of ten years or more.  To make matters worse, many time charter contracts are private bilateral agreements where the particulars may not be disclosed in full to the public.  Consequently, quotes are more often than not based on the shipbroker's best estimate of what a representative vessel would fetch had there been any transactions.

Perhaps partly as a result of the challenges inherent in the data material, there exists only limited empirical research on the term structure of freight rates in bulk shipping (see, for instance, Zannetos, 1966; Strandenes, 1984; Glen, Owen, and van der Meer, 1981).  Recent research has focused on testing the applicability of the traditional expectations theory in the freight markets (see, for instance, Hale and Vanags, 1989; Veenstra, 1999; Kavussanos and Alizadeh, 2001).  The pure expectations hypothesis of the traditional expectations theory states that the risk premium is identically equal to zero, while the expectation hypothesis is the slightly weaker proposition that the risk premium is constant.  The expectations theory is generally rejected in these empirical research works.  Kavussanos and Alizadeh (2001) suggest that the failure of the expectations theory is a result of time-varying risk premium.

This paper contributes to the existing literature in at least three ways.  Firstly, we point out that, at least from a theoretical point of view, the risk premium in the freight markets should not only be time varying but also depend on the level of the TCE spot freight rate in a systematic fashion.  Secondly, we propose a new methodology for estimating the implied risk premium in the market, where the expectations about future spot freight rates are based on a non-parametric stochastic multi-factor model of the spot freight rate.  Thirdly, we point to several potential sources of bias in the data and challenges in the market structure that generally preclude robust conclusions about the empirical risk premium and market efficiency in the freight markets.

The rest of this paper is organized as follows.  Section 2 outlines the theoretical background for the term structure model in the freight markets and presents the underlying spot freight rate model.  Section 3 presents the theoretical rationale for a time-varying risk premium that depends on the state of the freight market.  Section 4 contains the empirical results, while Section 5 concludes.

The term structure model

A dynamic term structure model links the cross-sectional properties of the term structure at each point in time to the time-series properties of the TCE spot freight rates and period time charter rates.  It is assumed that the future resale value and operating costs of a vessel are independent of the shipowner's chartering policy.  In practice, of course, a period charter may result in better maintenance of the vessel because of a steady revenue stream, as the cash flow from a vessel operating in a depressed spot market may not be sufficient to keep maintenance at a satisfactory level.  Consequently, it is possible that the resale value of a vessel that has been on time charter is higher and that its future operating costs will be lower.  The differences in freight hire payment terms that will occur in practice, depending on the type of charter party and vessel type, are ignored.  For instance, the freight hire under period charters are paid at regular intervals, typically monthly or bi-monthly, while the freight for a voyage charter is received at irregular intervals depending on the trading pattern of the vessel.  Moreover, under voyage charter parties, freight can either become due upon shipment of the cargo for bulk carriers or upon delivery of the cargo in the case of tankers.  

Following Glen, Owen and van der Meer (1981), it is assumed that a given vessel can be fixed on either a T-year sequence of consecutive voyage charters or a T-year period time charter.  The stochastic TCE freight rate for the vessel, X(tj), is set at a discrete number of dates {tj : j = 0, 1, …}, where tj+1 – tj = ( is assumed to be constant.  Let XT be the freight rate for a T-year period time charter commencing on date t0.  It is assumed that all freight payments are made in advance and on every reset date tj.  It is worth noting that when the voyage charter is of longer duration than Δ, the above assumption will tend to bias the model-implied period charter rate upwards if the TCE spot freight rate is expected to increase (and vice versa if the TCE spot freight rate is expected to decrease).  

Suppose that the usual conditions of a perfect market apply (no taxes or transaction costs, investors use all available information rationally and prefer more wealth to less).  Suppose also that, for any vessel, there exists an equilibrium market price that is known and accepted by all market agents, although this market price need not be unique
.  Conditional on all the assumptions above, there exist an equilibrium vessel price only if the expected present value of the risk-adjusted earnings is the same for both chartering strategies (spot and T-year charter).  The term structure of freight rates on date t0 (i.e. XT as a function of period charter duration T) is then defined by the equation: 
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…where the conditional expectation is taken under the ‘risk neutral’ probability measure Q (see, for instance, Duffie, 1996), X*(tj) is the ‘risk neutral’ path of the stochastic TCE spot freight rate, and where r(s) is the stochastic continuously-compounded risk-free interest rate.  For simplicity, the risk-free interest rate is set equal to the prevailing one-year U.S. T-bill rate in the subsequent empirical work.  Note that while Equation 1 is similar to the mathematical definitions of the traditional expectations hypotheses (see, for instance, Veenstra, 1999; Hale and Vanags, 1989), this generalized version allows for a time-varying risk premium.

Of course, the risk-neutral path of the TCE freight rate is not observable.  We may only observe the path of the TCE freight rate under the actual probability measure P.  To circumvent this problem we focus on the ‘implied risk premium’ in the observed period charter rate XT.  The implied risk premium (t is defined as the difference between the published period charter rate and the model-implied period charter rate when the market price of freight rate risk is equal to zero.  This definition of the implied risk premium follows that of Kavussanos and Alizadeh (2001).  In particular, from Equation 1 and the simplifying assumption that the term structure of interest rates on date ti is flat, the period charter rate of duration T on date ti is assumed given by:
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(2)
…where (i(() is some general function of the information set available at time t, for instance the TCE spot freight rate Xt, and (i is an independent error term with zero mean.  The error term (i will include the measurement error in the published period charter freight rates, the expectation error of the market, and the estimation error of the model.  As an example, some noise is induced in the model by the fact that the model-implied period freight rate follows the spot market closely
, while the published period freight rates often remain unchanged between subsequent dates tj.  This highlights a potential problem associated with the low liquidity in the market for period time charters.  Given that shipbrokers’ quotes for timecharter rates tend to be based on the “last done deal”, and given that there may be no new deals reported in the market, the volatility of the brokers’ estimates is likely to be biased downwards.  This residual volatility will be picked up by the error term (i.  

The expectation in Equation 2 represents the model-implied period charter rate and is estimated from Monte Carlo simulations of the nonparametric spot freight rate model proposed in Adland (2002).  Only the historical TCE spot freight rates up to and including date ti are used to estimate the model-implied period charter rate on date ti in order to avoid a forward-looking bias.  It is assumed that the TCE spot freight rate dynamics follow the general discrete-time process (see, for instance, Härdle, Lütkepohl, and Chen, 1997) given by:
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where f(() and g(() are nonparametric functions used to represent the conditional mean and conditional variance of the change in the TCE freight rate given the past observations {Xt-1, Xt-2,…} and (t is a series of innovations that is independent of past values of Xt.  The conditional mean and variance functions are estimated using the kernel regression approach of Auestad and Tjøstheim (1990).    The algorithms for the kernel regression and the Monte Carlo simulation were programmed in FORTRAN 90.  It is worth noting that the nonparametric specification precludes joint estimation of the risk premium and the model for the period charter rate under the empirical probability measure.  

Risk premium theory

Despite its importance in pricing applications, the behavior of the risk premium in the freight markets has not been the subject of much scrutiny in shipping economics.  The various sources of risk have been mentioned in separate research works, notably vessel unemployment risk (Zannetos, 1966; Kavussanos and Alizadeh, 2001), technological risk (Zannetos, 1966), spot freight rate volatility (Eriksen and Norman, 1976; Kavussanos, 1996), liquidity risk (Veenstra, 1999), default risk (Adland, 2002), and transportation shortage (Tvedt, 1996).  However, their joint contribution and the resulting net risk premium, which will necessarily depend on the risk preferences of shipowners and charterers, largely remains an unanswered question.

Fortunately, in this context it suffices to show that the risks will vary with the state of the spot freight market.  Consider first the issue of vessel utilization risk.  A shipowner operating his vessel in the spot market bears the risk of not finding a suitable cargo for his vessel in the position where it is open.  The options available to the operator in this case are to let the vessel wait in the loading area, to reposition it in ballast, or to accept a part cargo, all of which implies a loss of freight compared to full utilization of the vessel.  Zannetos (1966) argues that shipowners should be compensated for taking on this operating risk through a negative risk premium.  Equivalently, when this risk is transferred to the charterer under a period time charter, the charterer will demand a discount in the period charter rate compared to the expected TCE spot freight rates in the market.  When the spot freight market is very strong and the fleet is fully employed, the immediate risk of vessel unemployment is negligible
.  It follows that, at least for a very short-term period charter, the risk premium due to unemployment risk should be near zero in very strong markets and, thus, will depend on the state of the spot freight market.  

Secondly, charterers using the spot market may face the risk of shortage of transportation during strong freight markets.  Norman (1979) points out that in a period with scarcity of transportation, the marginal value of transportation is considerably higher than the marginal cost of transportation.  The high marginal value stems from the potential high cost of having to withdraw a cargo from the market or delay a shipment, for instance due to production delays (refinery shutdowns), loss of goodwill, or a monetary penalty for contractual default.  Particularly in the oil transportation markets, the potential shortage of quality vessels is perhaps a bigger concern to charterers due to the high potential penalties for environmental damage.  Consequently, assuming that the charterer will experience a monetary loss should shortage occur and that the probability of a shortage is positive, risk-averse charterers will pay a positive risk premium to avoid the risk of transportation shortage.  Since the probability that shortage will occur is larger during strong freight markets, the risk premium attributable to the risk of transportation shortage should be increasing in the freight rate level.  

In general, the appropriate magnitude and sign of the risk premium attributable to default risk, spot freight rate volatility and ‘liquidity’ risk cannot be determined without making assumptions on the risk preferences of charterers and shipowners (see Adland, 2002, for a detailed discussion).  As Ait-Sahalia, Wang, and Yared (2001) point out in the case of financial options, the degree of freedom that is introduced by preferences can reconcile any set of contingent claim prices with the observed time-series dynamics of an underlying asset.  The same reasoning can be applied here, in that it is always possible to find risk preferences (albeit possibly strange ones) that justify the observed term structure of freight rates or vessel prices, given the stochastic behavior of the TCE spot freight rate.  Nonetheless, the above discussion suggests that the theoretical risk premium should depend on the state of the current spot freight market.

Empirical results

In this section we investigate the empirical characteristics of the time-series of the implied risk premium for three types of dry-bulk carriers, namely a Handymax vessel (1980s-built 40,000 DWT), a Panamax vessel (1980s-built 65,000 DWT), and a Capesize vessel (1990/91-built 150,000 DWT).  Clarkson Research (2002a) provided time series of monthly average spot earnings/trip earnings, as well as six-month, one-year, and three-year period charter freight rates, from January 1990 to June 2002.   The implied risk premium is estimated starting January 1992.  Table 1 below summarizes the descriptive statistics.  The TCE spot freight rate exhibits the highest volatility (in terms of sample standard deviation), followed by the six-month time charter rate, the one-year time charter rate and the three-year time charter rate.  Moreover, the volatility is decreasing with the vessel size.  This is in line with extant empirical research (see, for instance, Kavussanos, 1996; Glen and Martin, 1998).  Figure 1 below plots the time series of freight rates for the Capesize vessel.  

Table 1: Descriptive statistics ($/day)


T
Mean
Std. Dev.
Min
Max

Capesize
Spot
14,096
4,700
6,385
25,229


6 mos.
14,028
4,160
7,050
24,725


1 yr.
14,390
3,452
7,800
22,288


3 yrs.
15,504
2,723
10,000
21,200

Panamax
Spot
9,406
2,793
4,191
17,432


6 mos.
9,724
2,592
4,875
16,740


1 yr.
9,628
2,318
5,063
15,000


3 yrs.
9,818
2,028
6,300
13,650

Handymax
Spot
8,890
1,768
5,084
14,972


6 mos.
8,739
1,692
5,050
14,000


1 yr.
8,727
1,472
5,813
12,813


3 yrs.
9,132
1,214
6,500
11,750
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Figure 1: Capesize freight rates ($/day)

Source: Clarkson Research (2002a)

The discussion in the previous section suggests that the risk premium should depend on the level of the TCE freight rate, primarily because some risk factors, such as the vessel utilization risk, will vary with the state of the freight market.  Moreover, it is suggested that the low volatility of the published period charter rates will induce positive autocorrelation in the time series of implied risk premia.  In order to account for this effect, the error term in Equation 2 is assumed to be an autoregressive process of second order.  Suppose first that the risk premium function for a given duration is constant, as assumed in the traditional expectations theory.  Formally, with reference to Equation 2, it is assumed that:


(i = (









(4)


(i = β1ηi-1 + β2ηi-2
The table below shows the results of testing for the validity of the Pure Expectations Hypothesis (PEH) in the various dry-bulk sectors under investigation.  The null hypothesis is that the PEH holds, i.e. that the constant ( is not significantly different from zero
.  The restriction of the PEH cannot be rejected in the majority of cases.  It is worth noting that the Augmented Dickey-Fuller (ADF) test rejects the null hypothesis of a unit root in all time series of the implied risk premium.

Table 2: Tests of the Pure Expectations Hypothesis

T
(
β1
β2
DW
R2adj

Capesize
6 months
-285.7
0.716a
-0.096
1.97
0.43


1 year
-92.5
0.860a
-0.149c
1.96
0.56


3 year
465.8
0.972a
-0.053
1.99
0.86

Panamax
6 months
570.5b
0.960a
-0.124
1.99
0.73


1 year
162.5
1.061a
-0.181
1.93
0.82


3 year
-150.8
1.145a
-0.192b
1.94
0.93

Handymax
6 months
-159.5c
1.012a
-0.285a
1.95
0.65


1 year
-253.9a
0.965a
-0.241a
1.98
0.63


3 year
-20.8
1.019a
0.090
1.97
0.86

Superscript a, b, c: Null hypothesis rejected at the 0.01, 0.05, or 0.10 level, respectively.

Suppose next that the risk premium for a given period charter duration is a linear function of Xi (i.e. (i = ( + β1Xi).  The error term is still assumed to be an autoregressive process of second order.  The table below presents the estimates for this AR model.

Table 3: Regression results for the time-varying risk premium


T
(
β1
β2
β3
DW
R2adj

Capesize
6 months
889.8
-0.085b
0.799a
-0.083
1.97
0.44


1 year
4127.1a
-0.308a
1.147a
-0.240a
1.99
0.67


3 year
3794.3a
-0.255a
1.138a
-0.190b
2.01
0.90

Panamax
6 months
2253.1a
-0.197a
1.132a
-0.211b
1.99
0.76


1 year
1816.5a
-0.208a
1.226a
-0.282a
2.00
0.85


3 year
653.2
-0.113a
1.214a
-0.247a
1.93
0.94

Handymax
6 months
1743.7a
-0.220a
1.226a
-0.311a
1.97
0.67


1 year
3117.2a
-0.393a
1.301a
-0.344a
2.09
0.72


3 year
2161.1b
-0.270a
1.152a
-0.180b
2.02
0.89

Superscript a, b, c: Statistically significant at the 0.01, 0.05, or 0.10 level, respectively.

Figure 2: Estimated risk premium (Capesize, 3-year TC)
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The coefficient for the current level of the TCE spot freight rate level is found to be negative and significant at the 99% level of significance in all cases, suggesting that the implied risk premium does vary with the state of the spot freight market.  The coefficients for the autoregressive error term are also highly significant in most cases.  As alluded to above, it is likely that these transient effects are partly caused by the differing volatility of the estimated and published period charter freight rate.

Concluding remarks

The empirical results in the above section confirm the hypothesis that the risk premium in the freight markets is time varying and depends on the current spot freight rate level.  However, there are potential weaknesses in the data material and challenges in the structure of this market that generally precludes robust conclusions about the magnitude and dynamics of the risk premium.

Most importantly, it is impossible to use an arbitrage argument to assert that Equation 1 must always hold.  As a corollary, there need not exist a unique risk-adjusted probability measure Q (Duffie, 1996).  Without a transparent, liquid, and organized market for forward freight or futures contracts in bulk shipping
, it is the illiquid and heterogeneous physical period charter market that defines the term structure of freight rates.  A period charter is therefore not a redundant contract in the financial economics sense, and the market is dynamically incomplete.    Hence, while Hale and Vanags (1989) and Veenstra (1999) argue that Equation 1 will hold due to ‘arbitrage activity’, no true arbitrage opportunities can exist.  While there are operators who will constantly attempt to take advantage of perceived profit opportunities in the freight market, for instance by negotiating a contract of affreightment or chartering a vessel in on a period charter, such positions are always risky and do not involve arbitrage profits.  The fact that the ‘no arbitrage’ argument is not applicable implies that the link between the spot freight market and the period market, as proposed by Equation 1 and variations thereof in earlier research, may be weaker than assumed.  Accordingly, it is generally impossible to draw robust conclusions about the magnitude and sign of the implied risk premium or market efficiency in the freight markets on this basis.  However, large deviations from the proposed relationship are not very likely, as this would imply that investors have very different opinions as to the prevailing market price for a ship.  

Moreover, the published TCE spot freight rates may not be representative for the ‘true’ earnings in the spot market due to the assumption (see, Clarkson Research, 2002b) that the vessel always operates on back-to-back round voyages.  Given the large number of cargo types and loading/discharging points available to dry-bulk vessels, at least in the smaller size categories, there is potential for reduce the average ballast share below 50% through efficient voyage planning
, the published TCE spot freight rates will be biased downwards compared to the true spot earnings.  Accordingly, if the period charter rate reflects the potential for lower ballast share, this would cause the estimated implied risk premium to be biased upwards.
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� Since the shipping markets are incomplete in the sense that vessels cannot be replicated synthetically in the market, vessel prices are not unique.


� However, if the TCE spot freight rate model depends partly on lagged values of the TCE spot freight rate, the correlation between changes in the estimated period freight rate and changes in the TCE spot freight rate is not identical to +1.


� We ignore waiting (off hire) caused by, for instance, weather, port congestion, technical problems, and other random events not correlated with the freight market.


� More specifically, it is a joint test of the validity of the proposed model for the term structure and the spot freight rate and the restriction of the PEH.


� While the BIFFEX futures contracts were traded during most of the sample period, this contract could not have been used to derive the implied term structure for a particular market sector, as the underlying index comprised more than one vessel size.  Moreover, while there exists a fairly active market in OTC forward freight agreements, these contracts are not standardized (or usually published).


� The occasional lower or higher vessel utilization than roundtrip is taken into account trough the risk premium.  It is only if the average ballast share is below 50% that the published TCE spot freight rates are biased.
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