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ABSTRACT

This paper provides some preliminary empirical evidence on the time-varying nature of the correlation of investment returns in shipping.  The correlation of returns across shipping sectors is of great practical importance to shipowners, as it determines the degree to which they can reduce their exposure to shipping market risk by diversifying their fleet.  The empirical results in this paper suggest that the correlation of returns is time varying and fluctuates around a constant positive average value.  Unfortunately for shipowners, the correlation appears to be the highest during market downturns, suggesting that the benefit of having a diversified fleet as a protection against severe negative investment returns is negligible.
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INTRODUCTION

Modeling the stochastic correlation of returns in international shipping markets has both theoretical and practical value.  The analysis of correlations forms the basis of portfolio diversification, as initially described by Markowitz (1952).  The degree to which investors can reduce their risk by diversifying their portfolio depends on the correlation between asset returns.  The lower the correlation between two assets, the greater the potential benefit to be obtained by diversification.  In the context of international shipping, the potential benefits of having a diversified fleet in terms of a higher return/risk ration is similarly of utmost importance and interest to shipowners.  If the returns from investing in the different ship types and sizes (tankers, bulk carriers, container ships, reefers, chemical carriers etc.) are strongly positively correlated, then one could argue that having a diversified fleet may not justify the added cost and complexity of operation.  For instance, a large integrated shipowner with a heterogeneous fleet will generally require a larger administrative overhead in order to maintain technical and operational expertise that span all markets and vessel types.  While this is perhaps less of an issue today, given that virtually all aspects of ship operation can be outsourced to third parties such as ship managers, it is still a valid argument against diversification.  It is also possible that shipowners who focus on one core market sector (and perhaps attempt to dominate it) can reap higher returns through a closer relationship with charterers and more efficient voyage planning.  It can also be argued that diversification should be left to the individual investor in shipping stocks and is not the task of the firm as such.  The fact that we can observe such differing strategies in this respect, from corporations operating large diversified fleets (COSCO and Bergesen are good examples) to corporations focusing on only one ship type or size (Teekay Shipping), illustrates that the shipping community does not necessarily agree on the pros and cons of diversification.

It is somewhat surprising, then, that the modeling of the stochastic correlation between investment returns in shipping has not attracted much (if any) attention in maritime economics.  Related extant research has either focused on the co-movement of freight rates across geographical routes within one shipping sector, usually dry-cargo (see, for instance, Glen and Rogers, 1997; Berg-Andreassen, 1996 and 1997), or the co-movement of vessel prices across sectors (see, for instance, Glen, 1997; Hale and Vanags, 1992).   Moreover, the focus of previous research is to test for co-integration.  Its primary purpose is to study the interrelationship between long-term trends in the prices together with short-term movements.   This approach recognizes the possibility of interdependence between two time series.  The studies mentioned above generally find that freight rates within a shipping sector and vessel prices across sectors are co-integrated.  Hence, in the long run there exists a common trend for the series and, in the short run, the series move within a bound of each other so that the residuals remain stationary (see, for instance, Engle and Granger, 1987).  Accordingly, we would expect to find a high degree of positive correlation also between time series of investment returns in shipping.  While supply and demand in the respective markets will behave differently, resulting in different short-term returns (and correlation between sectors), some positive correlation among shipping sectors in the long run may be induced by the fact that they all eventually depend on the state of the international economy.  For instance, the Asian financial crisis in 1997 had a broad and simultaneous impact on all major shipping sectors.  With the increasing globalization and interdependence between the major economies of the world, this effect may have changed over the past decade.    Another issue concerning the correlation between tanker markets and dry cargo markets is the impact of combination carriers.  Given that the fleet of combination carriers has decreased in size over the last decade, it may be the case that the correlation between these two markets has decreased.  

There exists a large literature in financial economics on the time-varying nature of correlations between, for instance, national stock markets (see, for instance, Longin and Solnik, 1995) or exchange rates (see, for instance, Chang and Kim, 2001).  Various approaches have been suggested for the visualization and modeling of the time-varying correlation. For instance, Ball and Torous (2000) use filtering methods to show that the estimated correlation structure is changing over time, while Groenen and Franses (2000) apply multidimensional scaling techniques to visualize the time-varying correlations between stock market returns.  However, the most popular approach has been the use of the bivariate GARCH model proposed by Bollerslev, Engle and Woolridge (1988).  Similarly, several explanations have been put forth to explain the observed time variation in correlations.  For instance, Erb, Harvey and Viskanta (1994) show that correlations across national stock markets tend to vary over the phases of the business cycle, while Longin and Solnik (1995) find that correlation rises in periods of high volatility.  While this knowledge is not necessarily transferable to shipping economics, it suggests the dimensions along which correlations may vary.  This paper provides some preliminary empirical evidence on the time-varying nature of the correlation of investment returns in shipping.  The remainder of this paper is organized as follows.  Section 2 outlines the method used to calculate the returns and contains some descriptive statistics.  Section 3 contains visualizations of the time-varying sample correlations and some regression results, and Section 4 concludes. 

THE DATA

Clarkson Research (2002) kindly provided time series of monthly period charter rates and vessel values for the period from January 1992 to January 2002.  We explored the following shipping sectors: modern 280,000 DWT VLCC tanker, 40,000 DWT Product tanker, 150,000 DWT Capesize bulk carrier, 40,000 DWT Handymax bulk carrier, and 1,600 TEU container ship.   These market sectors represent a broad cross-section of the international shipping markets in terms of ship size and ship type.  

The first choice one needs to make is which holding period to use for the calculation of the investment returns.  In order to be able to include a container vessel in our analysis, for which only one-year time charter rates are available, we choose a one-year horizon for the investment.  In other words, we assume that an investor buys a ship at the prevailing market price, charters the vessel out for a one-year period, and sells it after the charter has expired.  Whether spot freight rates or time charter freight rates are used to estimate the operating profit over the holding period does not matter as the expected risk-adjusted earnings from any chartering strategy must be the same, at least under the assumption that the agents in the market agree on the vessel price (Adland, 2002).  While shorter holding periods (for instance, daily or monthly) are common in financial research, this is not a realistic assumption in shipping.  This is obviously because the purchase and sale of a complex physical asset such as ship can be a very time consuming process, and not something an investor can easily do frequently.  Moreover, from a practical point of view, even a voyage charter is likely to last at least one month, which sets a lower limit to the holding period in practice.  The choice of the one-year duration is also based on data availability, as data for shorter-term period charters (say, of six-month duration) is not available in all market sectors.  In practice, of course, some shipping investors are asset players while some will keep their vessels for decades.  In general, the use of a longer holding period is likely to produce a higher degree of correlation between the market sectors.

Note that the time series of time charter rates are generally for a vessel with a fixed year of build, while the time series of vessel values refer to vessels with constant age
 (say, five or ten years).  This inconsistency may bias the returns, but should not have a large impact on the correlations.  To adjust for the loss in value over the holding period, we assume that the value of the vessel depreciates linearly over 25 years.  Moreover, we assume that the vessel trades for 355 days annually.   Suppose the vessel value at time t is Vt and that the period time charter rate is Xt.  Let the daily operating cost be Ct. We can then calculate the ex-post holding period return as:


 rt = [(Vt·0.96-Vt-12) + (Xt-12·355-Ct-12·365)]/Vt-12             (1)

…where the first term in the numerator refers to the change in vessel value and the second term represents operating profit.  The descriptive statistics for the resulting time series of returns are shown in the table below.

Table 1:  Descriptive statistics for returns  


VLCC 
CapesizeBulker
ProductTanker 
HandymaxBulker
HandyContainer

Mean
0.091966
0.040203
0.113194
0.026409
0.015509

Standard deviation
0.143716
0.105879
0.134680
0.122213
0.133233

Skewness
0.349453
0.060800
-0.444837
-0.274614
0.498470

Kurtosis
2.43811
2.464246
2.165721
3.059946
2.444224

Jarque-Bera
3.6523*
1.358186*
4.586586*
1.373599*
5.211112*

ADF
c
b

c
a

1 Product Tanker market returns cover the period from December 1994 to January 2002 because of lack of time charter rates. Handy Container returns cover the period from January 1993 to December 2001.

* The null hypothesis of normality cannot be rejected at the 0.05 level.

a/b/c The null hypothesis of a unit root is rejected at the 1%, 5%, and 10% level, respectively.   

The statistics in Table 1 clearly illustrate that the average return in shipping can be fairly low, while volatility is high.   Based on the Jarque-Bera statistic the hypothesis of normally distributed returns cannot be rejected in all cases.  The assumption of (multivariate) normality is a prerequisite for the use of linear correlation as a measure of the interdependence between shipping returns.  Moreover, this contrasts with, for instance, stock returns and exchange rates, which are usually found to be leptokurtic.   We also performed the Augmented Dickey-Fuller Unit Root test (see, Dickey and Fuller, 1981) on the return series.  The null hypothesis of a unit root is rejected at standard levels of confidence in all cases except in the Product tanker sector.  We believe this is due to the shorter time series available in this case.  Table 2 shows the calculated sample correlations for the full sample.

Table 2: Correlation matrix for full sample


Container
Handymax
Product
VLCC

Capesize
0.509228
0.559927
0.501073
0.479712

Container

0.474020
0.546329
0.698322

Handymax


0.436104
0.590829

Product



0.781644

As expected a priori, the correlations are all positive and fairly high, illustrating the dependence of all shipping markets on common factors such as the state of the world economy.  The sample correlation is the highest between the VLCC and Product tanker sectors, reflecting the integration of the tanker markets.  The positive correlation between investment returns is further illustrated in Figure 1 below. 
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Figure 1: Returns in five sample shipping markets

CORRELATIONS

Although Figure 1 suggests that the various markets are closely correlated, the main purpose of this paper is to investigate whether it is reasonable to assume that correlations are constant or time varying.  In particular, historical correlations of maturity m are computed as follows: 
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Where 
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 represent two return series.  Although not included here, it is possible to find confidence bands for the correlations using the using, for instance, the randomization technique (Nelson and Kim, 1993).  By shuffling two return series in pairs, computing ρT and repeating this many times, we can find the 95% confidence bands under the null hypothesis of constant correlation.  

When using this rolling-window approach to calculate time-varying correlations, the length m of the window determines the smoothness of the temporal movements of the data.  In general, a shorter window width will produce more erratic time series of sample correlations but will give a better representation of the contemporaneous correlation.  Here, we set m equal to 12 months.  The drawback of using historical correlations is that the resulting time series of correlations from the sequential overlapping samples of size m will tend to exhibit so-called “ghost features” (see, for instance, Alexander, 1996), as the impact of major market movements are reflected in the correlations up to m months after they occurred.  Moreover, historical correlations do not account for the dynamic properties of the shipping returns, such as time variation of conditional variance.  The major disadvantage with the use of overlapping windows is that the resulting time series are heavily autocorrelated and, thus, difficult to handle in further econometric analysis.  Nevertheless, the use of rolling windows is the most straightforward approach to preliminary historical analysis of time-varying correlation, which is the objective in this paper.  The next few pages show the resulting time series of correlations between the markets sectors.

Figure 2: Correlation between VLCC and Capesize Bulker returns
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Figure 3: Correlation between VLCC and Product tanker returns
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Figure 4: Correlation between VLCC and Handymax bulker returns
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Figure 5:  Correlation between VLCC and Container returns
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Figure 6:  Correlation between Capesize bulker and Product tanker returns
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Figure 7:  Correlation between Capesize bulker and Handymax bulker
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Figure 8:  Correlation between Capesize bulker and Container returns
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Figure 9:  Correlation between Product tanker and Handymax bulker returns
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Figure 10: Correlation between Product tanker and container returns

Figure 11:  Correlation between Handymax bulker and container returns
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A first inspection of the graphs above suggests that correlations change markedly through time.  While it is usually positive, there are times when the correlation drops quickly and may become negative.  This raises the question of when this apparent “breakdown” in the interdependence between the shipping sectors occurs.  In the light of extant research in financial economics (see, for instance, Erb, Harvey and Viskanta, 1994; Longin and Solnik, 1996), it seems fair to investigate whether correlations vary with the shipping freight market cycle or the volatility of the returns.  To shed some light on this issue, the scatter plots in the figures below show the estimated standard deviation and mean of returns in VLCC sector versus the correlation between the VLCC and Capesize returns.  Each data point represents the values for one sample of length m.  The qualitative results remain the same when using data from other sectors.

Figure 12. Correlation vs. sample return
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Figure 13. Correlation vs. standard deviation of return
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The scatter plot and simple linear regressions above suggest that there is a negative relationship between correlation and both standard deviation and average return.  This is admittedly not a very robust result for several reasons.  Firstly, given our use of rolling windows for estimation, the time series are strongly autocorrelated, which means any econometric results must be treated with caution.  Moreover, the time series of correlations depends on the dynamics of returns in two shipping sectors while we have only conditioned on the information in one (the VLCC sector in this case).   Accordingly, a more appropriate measure of mean and volatility may be a normalized sum of mean and standard deviation in both sectors.  Nevertheless, a closer look at Figure 12 clearly indicates that when the return is low, the correlation between the two markets is high (as indicated by the empty lower left corner in the scatter plot).  This is an interesting result, as it suggests that when fleet diversification is needed the most (i.e. during poor markets), the correlation between shipping sectors is positive and high.  Put differently, the shipowner cannot expect major benefits in terms of less severe negative returns due to diversification of his fleet.  This is consistent with the results in the financial literature (see, for instance, Erb, Harvey and Viskanta, 1994), where it is found that correlation is at its highest when the business cycles of two countries are in the contracting phase.  The relationship between correlation and return volatility is less clear.  However, one notable feature is the apparent reversion effect in the sample correlation.  Our unscientific visual inspection also suggests that Autoregressive Conditional Heteroskedasticity (ARCH) effects are present in the time series of sample correlations.  That is, the magnitude of the change in the correlation appears to be related to past changes.  However, this observation may be partly due to the ‘ghost features’ induced in the time series of historical correlations.

Finally, we test for a statistically significant time trend in the correlations by fitting simple ordinary least squares lines to the time series of correlations, accounting for the autocorrelation induced by the overlapping windows using Newey-West Heteroskedasticity and autocorrelation consistent standard errors.  The regression results are shown in the table below.

Table 3: Testing for a time trend


VLCC/Cape
VLCC/Prod
VLCC/Hand
VLCC/Cont
Cape/Prod

βt
0.005434
0.007698
0.001657
0.005324
0.009780

t values
1.4367
1.6051
0.4114
1.4041
1.6716


Cape/Handy
Cape/Cont
Prod/Handy
Prod/Cont
Handy/Cont

βt
0.001387
0.003359
-0.0170*
0.007507
0.003520

t values
1.7594
1.1523
-2.9495
1.3858
1.7495

* Significant at the 0.05 level

The regression results in Table 3 suggest that, with the exception of the correlation between the Product tanker and Handymax bulker sectors, there were no significant time trends in the correlations between the selected shipping sectors over the last decade.  Accordingly, there appears to be no empirical support for a hypothesis that the correlation between the shipping markets have increased as a result of a stronger integration of the major national economies.  Nor is there support for the hypothesis that the link between the dry-bulk and tanker markets is weakened due to a diminishing fleet of combination carriers.
CONCLUSION

In this paper we have investigated the time-varying nature of the correlations between investment returns in selected market sectors of international shipping.  This is a potentially large research area of maritime economics that has not yet attracted much attention, and this paper merely serves as a first attempt to uncover some preliminary empirical stylized facts.  Leaving the methodological challenges aside, the results in this paper suggest that the correlation of returns in shipping is time varying.  Moreover, the preliminary evidence suggests that its dynamics may be captured by a model incorporating mean reversion and ARCH effects in the correlation level.  The dependence of the correlation on the freight rate level and freight rate volatility is less clear.  However, the shipping sectors appear to be more strongly correlated during market downturns, which, if this result stands up to further scrutiny, would dramatically reduce the benefit of having a diversified fleet.  In general, the shipping sectors appear to be strongly and positively correlated for most of the time, suggesting that the added cost and complexity of operating a heterogeneous fleet may not be justified.

Given the generally low average historical return in shipping, the allocation of capital to the ‘right’ sector and the timing of investments and divestments are crucial elements in the management of shipping companies.  The modeling of the stochastic correlation between market sectors forms an integral part of any dynamic portfolio optimization model for ship investment.  This is an important topic that will be pursued in future research.
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� The time series used in this paper are for vessels 5 years of age, with the exception of the handy container vessel for which we use the new building contracting price in the absence of a sufficiently long time series for the 5 year-old vessel.  
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