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Abstract

This paper provides an econometric analysis of second-hand ship prices. The cyclical nature of second-hand ship prices is analysed within the context of Econometric Business Cycle Research (EBCR). Two econometric methods (Structural Equation Models and Vector Autoregression models) are introduced, analysed and assessed with respect to achieving the classical objectives of EBCR simultaneously, which are to describe and forecast cycles and to evaluate policies. 

Annual data covering the period 1968-2001 for all major types of bulkers and tankers are used. Two models are estimated, a structural and an unrestricted two lagged VAR.

Newbuilding prices and timecharter rates have a positive effect on second-hand prices. In all segments (Panamax and Capesize Bulkers, Panamax, Aframax, Suezmax and VLCCs) except handy bulk carriers and tankers, the newbuilding price variable has a higher impact on second-hand prices than the timecharter rate one. A reason behind this may be asset play. 

For bulk carriers in particular this may be attributed to: 

· The low values of the dry cargo commodities carried by bulkers compared to those carried by tankers. 

· The lower performance of the dry bulk carriers both in terms of absolute earnings and return on investment compared to that of tankers.

· Dry bulk carrier owners have tended to be far more readily attracted by low newbuilding prices than tanker owners as the cost of the vessel is more crucial to the return on investment. 

· The fact that the timing of the dry bulk carrier order is more crucial than in tankers and often takes place when demand for new tankers has fallen and shipbuilding prices have fallen.

Capital costs as a proportion of earnings were found to be more significant for bulk carriers. This can also be attributed to the higher liquidity of tanker owners. 

Orderbook expressed as a percentage of the existing fleet is significant only for the Suezmax tankers, and handy bulkers and tankers.  For Suezmaxes this can be attributed to the special characteristics of this type of vessel. In handy tankers and bulkers, shipowners tend to operate their fleet mostly on the spot market. Therefore, an expected fleet increase, stemming from a large orderbook, will spread concern among the small shipowners, with negative effects on second-hand ship prices. 

Finally, by assessing the two models, the paper finds that SEMs are still to be preferred if the classical objectives of EBCR need to be achieved simultaneously.
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Introduction

This paper is an econometric analysis of second-hand ship prices. The cyclical nature of second-hand ship prices is analysed within the context of Econometric Business Cycle Research (EBCR). It starts with a presentation of previous attempts to model second-hand ship prices. After that the concept of Econometric Business Cycle Research is introduced. Two econometric methods (Structural Equation Models and Vector Autoregression models) are introduced, analysed and compared from a theoretical perspective with respect to achieving the classical objectives of EBCR simultaneously, which are to describe and forecast cycles and to evaluate policies. Results are obtained for all major types of bulk carriers and tankers and conclusions are drawn from the estimates.

The Market for Second-hand Vessels

Shipping is one of the few industries having a separate and active market where the main assets themselves are traded. The market for second-hand ships plays an important economic role in the shipping industry. It gives shipowners and investors the opportunity to buy and sell ships directly, thus allowing easy entry and exit to the freight market. This is a major condition for market competitiveness. 

Also, the importance of the second-hand ship market lies with the fact that due to the extreme cyclicality of the markets, considerable profit opportunities exist through asset play, or in other words the ability to buy low and sell high. Timing of the investment is a critical issue here. Instances of low freight rates usually coincide with low vessel values but whereas the former are obviously bad for owners of existing tonnage they nonetheless provide opportunity for new investors to buy in at low cost and this can exacerbate the volatility of the market.

The three major driving forces behind a ship purchase are replacement, speculation and trading/fleet expansion. Depending on the purpose, the buyers will require differing motives and have different priorities. However, these three motives are not easily identifiable in practice, since it is very difficult to know the rationale behind every ship purchase. 

Normally, the party that are responsible for assessing a ship value are the brokers. Which empirical criteria the brokers currently employ to value ships and how are more scientific approach such as a quantitative analysis of second-hand ship markets taking into account economic variables will be examined. A product of this process will be the development of a useful tool that the market players may utilise  before designing and implementing their sale and purchase strategies. 

Model Construction and Estimation

This part begins with an analysis of previous attempts to model second-hand ship prices. After that the concept of Econometric Business Cycle Research is introduced. Within this context the two econometric methods employed in this paper are introduced, analysed and compared from a theoretical perspective. After that, the paper's methodology is presented with respect to data collection and manipulation. Then, a structural model is constructed and estimated. Resultant discussion follows. In addition, forecasts are made for the period 1999-2001 and compared to the forecasting results of a Vector Auto Regression (VAR) model derived from the structural model and estimated for this reason.
Literature Review

Introduction

This section provides a summary of the most important scientific work carried out in the field of second-hand ship prices. 

Beenstock 1985, Beenstock and Vergottis (1989a, 1989b, 1992, 1993)

With the exception of Charemza and Gronicki (1981) who report equations in which ship prices adjust to freight rates and activity rates, Beenstock (1985) is the first one paying attention to the ship markets and the determination of ship prices. Beenstock argues that supply and demand analysis is not appropriate for ship prices since a ship is a capital asset of considerable longevity. As a result he looks to Markowitz (1952) portfolio theory and comes up with the following equation:
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Where:

PS: the second-hand price

W: the world wealth

F: The fleet Size (bulk carrier or tanker depending on the circumstances)

EtΠt+1= expected ship earnings for the coming year, equal to time charter minus operating costs

EtPSt+1= Expected second-hand price for next year

i: the interest rate

According to this theory the share of ships in world total wealth varies directly with the expected return on ships as capital assets and is inversely related with alternative investments. This implies that asset prices depend on expectations. 

This capital asset equation is based on the assumption that the share of ships in the total world wealth behaves like being part of a well-diversified portfolio consisting of all world wealth. In other words, for given rates of return and wealth, the demand for ships varies inversely with the price of ships since the relative return on ships falls as price rises and because of wealth effects induced by relative ship prices changes.

Beenstock and Vergottis (1989a, 1989b, 1992, 1993) follow this approach in all their subsequent research papers. 

A capital asset allocation model is meant to calculate the optimal shares in assets of a portfolio, given certain fixed expected return and risk for all assets. However, Beenstock and Vergottis do not give any arguments why this model can also be applied to calculate ship prices or the reason it can be applied for stock prices or the price of any asset.

Besides that, world wealth is something very hard to measure and it is certainly not equivalent to world GDP, which Beenstock and Vergottis use in their model.

Beenstock (1985) assumes that new and second hand ship prices are perfectly correlated, thus new and second-hand ships are the same asset, only differing in age. This assumption however is open to criticism. If asset play is an important consideration, these prices should not be very highly correlated. A study of the correlation matrices presented in the empirical part of this paper validates our argument. Beenstock himself observes that these conditions are unlikely to be fulfilled because second-hand prices are flexible whereas new prices are relatively sticky. This implies that new prices adjust to second-hand prices over time rather than instantaneously as he assumed. For this reason, in his following work together with Vergottis (1989, 1992 and 1993), he introduces an additional dynamic element into the model, the newbuilding market. 

Again however, this argument by Beenstock is open to criticism. Both newbuilding and second-hand prices are supply/demand driven, it is nonetheless true thatnewbuilding prices are more driven by supply factors (ie the potential supply from other shipyards) and cost factors (labour, raw materials, equipment, design, supervision, debt, interest rates, exchange rates etc.)  than secondhand prices that are in turn more driven by normal market forces and not at all by supply and cost factors. 
In simple terms newbuilding prices represent a cost plus figure whereas secondhand prices are realizations of values not costs. There is no evidence to support the notion some people make that  newbuilding prices fluctuate more than building costs. On the contrary there are many examples where building costs have escalated out of control between agreeing the contract price and delivering the vessel e.g. the construction of large parcel tankers in Denmark and France that caused major losses for the yards. In such instances newbuilding prices have not risen by anywhere near the same degree as the costs. It is also the experience of the authors during years of market analysis that newbuilding prices do not react as quickly to changing market conditions as do secondhand values.

Therefore, newbuilding prices cannot possibly adjust to something that is so volatile and speculative. No country would adjust shipbuilding capacity, involving a lot of heavy investment and sunk costs, to speculative movement of prices.

Overall it can be said that such equation is needlessly complicating. A simple present value equation as the ones presented in the Norwegian models would suffice. 

Strandenes 1984, 1986, Wijnolst and Wergeland 1997

Strandenes (1984, 1986) regards second hand values as a weighted average of short and long-term profits. In Strandenes (1986) the second-hand market is integrated with the newbuilding market. The second-hand price depends on expectations concerning future developments on other shipping markets. The following present value equation is estimated (Wijnolst and Wergeland 1997): 
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where:

PS: The ship value

Ci: The net cash flow in each period i = 1…n

n: The number of expected years of trading

By substituting the individual cash flows by an average expected earning per year (E) and instead of assuming a finite number of years, letting n go to infinity and include a depreciation factor instead we get:
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Or simply:
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Expected earnings are then expressed as a weighted sum of current and future expected long-term earnings.

Finally by using the real depreciation factor to correct for the ship's age, a general formula for any ship regardless of age is expressed as:
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Where:

e: the age correction factor

τ: year of the transaction

b: vessel's year of build

k: parameter

S: The time charter equivalent of the spot rate in US $/day

L: The expected future equilibrium TC equivalent

C: Expected operational costs in US$/day

The weighted average of S-C and L-C are the expected net cash flows per day

350: Operating days assuming 15 days off-hire 
Veenstra 1999 Quantitative Market analysis

Using the cointegration methodology, Veenstra establishes that second hand ship prices for various ship sizes in bulk markets are stationary in first difference form, thus permitting the search for long-run cointegrating vectors between them. The variables chosen for examination include the second-hand price, a time charter rate, as well as newbuilding and scrap prices. Veenstra distinguishes between replacement and speculative sales. He analyses the data for this different type of sales based on two different ages: 5 year old ships representing the replacement sales and 10 year old ship representing the speculative sales. Veenstra has been criticised for his approach to modelling second hand ship prices. For Glen (2001) none of the variables that Veenstra examines can be argued to cause second hand ship prices in the normally used sense of the word. Furthermore, Glen further argues that the definition of all second hand ship transactions being replacement driven for 5 year old vessels and all 10 year old vessels transactions being speculative driven seems arbitrary and difficult to defend. 

Other Research on the second-hand market

Glen (1997) examines the dynamic behaviour of second hand prices of tankers and dry cargo vessels over various time periods. He aims to determine whether or not the market for such assets is efficient. He extends and re-analyses the results of an earlier study by Hale and Vanags (1992) by employing the Johanssen method of testing for cointegration. He concludes that the existence of cointegration does not necessarily imply market inefficiency, if the factors that create the common trends are stochastic in nature. Therefore he argues that the evidence put forward in his paper is consistent with market efficiency in the long run.

Kavussanos (1996, 1997) examines the dynamics of volatilities in the dry-bulk and tanker markets. By employing time-series modelling, ARCH models, he finds that prices of small vessels are less volatile than larger ones and the nature of this volatility varies across sizes. Glen and Martin (1998) make a similar study on tanker market risk. Their results are in line with Kavussanos, despite differences in data, sample period and modelling technique. 

Criticism on existing models-Paper contribution

Researchers have come up with various ideas and methods for modelling second markets. Some employ time series analysis (Veenstra) while others simultaneous equations and structural modelling (Beenstock and Vergottis).

However, no one has tried so far to compare and contrast the results of any of these research methods. 

Furthermore, despite the fact that every researcher constantly refers to the cyclicality of the shipping markets, none has so far tried to analyse this cyclicality of the various shipping markets within the context of Econometric Business Cycle Research (EBCR). EBCR combines economic theory and measurement in the study of business (in this case shipping) cycles. This is the first of a series of papers that take this analytical approach in shipping.

Econometric Business Cycle Research

Econometric Business Cycle Research (EBCR) combines economic theory and measurement of facts in the study of business cycles. EBCR has four goals:

· To describe cycles.

· To forecast future developments.

· Policy evaluation

· Testing of economic business cycle theories.

The first three goals of EBCR are the traditional goals of business, in this case shipping cycle research. Attention is paid to the fourth goal, testing of economic theories, at a methodological level by looking at the way economic theory is dealt with. 

In this paper two EBCR methods will be empirically illustrated for the modelling of second-hand ship prices in bulk shipping markets, since the best way to trace pros and cons of a specific method is to implement it. Structural Equation (SEM) and Vector Auto Regression (VAR) models will be constructed based on shipping related data.

The Structural Equation Model

The first structural macroeconomic model (Tinbergen 1959) was constructed to assist in the selection of economic policy in the Netherlands. A structural economic model consists of a set of mathematical equations that describe relations between variables. Two types of variables are distinguished: endogenous, which are to be explained and exogenous that can be taken as given.  A structural model strives at capturing the patterns of endogenous variables from the exogenous variables and the lagged endogenous variables. Parameters in the behavioural equations are obtained directly or indirectly from observed data by means of econometric techniques.

The Vector Auto Regression (VAR ) Approach

Sims (1980) combines recursive systems with Liu's (1960) criticism on identification restrictions in simultaneous equation models: 'incredible identification restrictions are needed to allow equation-by-equation interpretations. These restrictions cannot be tested and are simplifications chosen empirically so that they do not conflict with the data. He abandons the prior endogenous/exogenous classification and proposes an a-theoretical alternative: Vector Autoregressive (VAR) systems, in which a small number of variables is explained by its own past. 

The approach therefore is data oriented. Nevertheless it is worth noting the correspondence between VAR and SEM models. According to Zellner and Palm (1974), VARs are approximations/alternatives of the final form of structural models.

One of the weak points of VAR systems is causal orderings. Since several orderings are possible, Sims suggests to try different orderings and work out whether the conclusions are sensitive to the orderings. Therefore, ironically, the a-theoretical VAR systems require structure in order to perform.

However, by including additional information in unrestricted VAR systems the demarcation line between SEM and VAR supplemented with structure becomes vague (Canova 1995). 

The theory-measurement distinction
Before the two econometric methods on the basis of the four goals of business cycle research are assessed, it is worth illustrating how the econometric methodology component is dealt with. For this purpose figure 1 adapted from Intrilligator (1978) is employed.

EBCR studies business cycles as denoted by the cyclical line in the top part of the figure. Basic ingredients of EBCR are theory and measurement. Of course, this holds for econometric research in general. Business cycles can be approached from theory that is translated into a model, in particular an econometric model. Business cycle phenomena reveal themselves by real world events of facts, which are measured as data. Such data is often refined before it is used into an econometric study.

Theory and measurement come together at the bottom of the figure. Econometric models are combined or confronted with either pure or refined data. Parameter values are obtained by estimation or calibration, and the model can be analysed by testing hypotheses of interest. The resulting model can be used for the description of business cycles, the construction of forecasts and policy evaluation.
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Figure 2. EBCR Framework (adapted from Intrilligator (1978))

SEM models start at the left side of the diagram. Theory guides the specification of the econometric model, which is a system of equations relating endogenous and exogenous variables. The model is estimated with observed or refined data. Theories of interest can be tested statistically while SEMs can be used to describe business cycles, to construct conditional forecasts and to evaluate policies.

The Vector Autoregressive approach is data oriented. From pure or refined data a model is specified, in which endogenous variables are explained from their OWN lags. Estimation and forecasting are straightforward statistical exercises that do not require economic theory. Analysis of VAR systems in the way as proposed by Sims (1980), assuming a causal ordering, can be done without economic theory knowledge. If however restrictions of any variety are incorporated (structural VARs), then theory is indispensable particularly for policy evaluation. VAR systems can be used for describing cycles and forecasting without reliance on economic theory. However, analysis and policy evaluation without economic theory is impossible.

From the above it can be shown that both methods use pure or refined data, whereas theory is very important in SEM but not in VAR.

Both methods are capable of describing the past. Forecasting with a VAR system is easy because little projections for exogenous variables are necessary. Predicting with SEM requires skilled model builders/users. The models tend to be large and lack of time refrains model builders from estimating each model equation in each forecasting round. As a result systematic errors might occur at the beginning of each forecasting round. Often one adjusts estimated residuals of behavioural equations. However, this is usually a tricky process. Nevertheless, compared to data oriented a-theoretical time series models, preparing forecasts with structural models has three advantages:

· The forecasts can be supported by economic arguments.

· The forecasts are based on a consistent accounting framework.

· The forecasts may involve large number of variables.

As far as policy evaluation is concerned, VAR systems are not autonomous, thus insensitive to changes in the rest of the system. Also, the limited number of variables that enter a typical VAR system hampers the possibility for policy evaluation. Moreover, since VAR is not based on a consistent accounting system, the exercises are partial rather than global. Finally, VAR systems only compute final effects of policy changes and therefore cannot disclose underlying contrary developments after a policy shock.

SEMs are the only vehicle for policy evaluation. Despite the Lucas critique (1976) a proper alternative still does not exist. Economic analysts/advisors believe that this type of models is a formal and quantitative framework that is irreplaceable adjunct to the processes of policy thought (Wallis and Whitney 1991).

Methodology: Model Specification, Data collection and manipulation

Variable Identification

An analysis of the second-hand market can be represented in terms of a supply and demand framework. 

Demand for second-hand ships can be expressed as a function of the timecharter rate, vessel profitability, newbuilding price, second-hand price, the cost of capital and returns on alternative investments such as stocks, bonds and treasury bills.


By the same token supply of second-hand vessels is a function of the orderbook (as a percentage of the fleet and second-hand prices:


Since QDSH=QSSH, the function can be inverted to obtain second-hand ship prices expressed as a function of:


Where:

Secondhand= Second-hand price of a vessel

fr = The vessel's average timecharter rate per day for the year

nb= Newbuilding price

Orderbook= Orderbook as a percentage of the total fleet (including combined carriers)

π = Vessel Profitability

bills = US Treasury Bills 

St = MSCI Stocks

LIBOR = Interest Rates (LIBOR)

Bonds=  US Bonds

On top of each variable, the expected sign is given.

It is assumed that second-hand prices are primarily a function of the vessel's revenue. This revenue is expressed as the average timecharter equivalent rate per day. The reason for this is that timecharter rates denote the shipowners' and the charterers' expectations of the things to come. Therefore, it is assumed that the higher the time charter rate, the higher the ship's profitability and as a result, the higher its second-hand value. Consequently a positive sign is expected for the coefficient of this variable.

Apart from denoting expectations, the time charter rate is also a much better market indicator than the freight rate, which is route specific, and more importantly in the tanker market, the Worldscale. There are several reasons for this. A timecharter by definition is the result of an owner and a charterer agreeing to a given hire rate over future period of time and it can be assumed that this in some way reflects the parties market expectations in the period ahead. Timecharter rates are much less volatile than spot rates and therefore do not reflect the highs or the lows of the spot market. Shipowners also like to project their income in terms of being net of operating costs and in this the timecharter rate is perfect whereas the spot rate only provides a gross income position. Spot rates also reflect only a snap shot in time, give no indication of forward expectation and are notoriously difficult to forecast by the nature of their volatility. For all of these reasons spot rates are seldom a driver to newbuilding ordering and owners would be foolish indeed to base place too much faith in their measurement. By contrast, timecharter rates display more stability and are easier to understand. It is often a condition of ordering that owners cover their initial forward position with a timecharter.

For Worldscale in particular, it is a common mistake for many researchers (Hawdon 1978, Beenstock and Vergottis 1989, 1993 and Veenstra 1999), to use it as an income indicator over a period of time. 

Worldscale is cost based schedule that is re-calculated on an annual basis for a full cargo for the standard vessel based upon a round voyage from loading port to discharging port and return. This simply means that when changes occur in the bunker prices, the port dues or the exchange rate of the currency of the States included in this route, WS100 for this year will be different in dollar terms than WS100 for the same route the previous year. 

Consequently, as graph 1 shows discrepancies will occur between the WS and the actual rates obtained by the vessels over the years thus distorting the final results. 
Another variable that has an effect on second-hand prices is the price of a newbuilding vessel. Lower newbuilding prices will have a negative effect on the value of a second-hand ship whereas an increase in the demand for ships will make second-hand ships expensive and push newbuilding prices higher. As a result a positive sign is also expected for this variable.

Fleet size and orderbook have an impact on the value of a second-hand price. Nevertheless, using both fleet size and orderbook in the equation is not correct. The reason is that they correlate highly and negatively thus they can distort the model's results. However, both of them are very important to leave one out. For this reason, the authors thought to construct another variable, namely the orderbook as a percentage of the total fleet. This variable is a better market indicator since it catches fluctuations on both fleet size and orderbook. Furthermore, it denotes expectations on how the market will develop. A large orderbook compared to existing fleet may create negative expectations for the future thus leading to a slide in second-hand prices. On the other hand a large orderbook may show that there is a potentially lucrative market segment where there are too few ships unable to satisfy demand. An example is the VLCC orderbook in 1970 that stood at 308% of the existing fleet or more recently the Super Handy Max bulk carrier and the super post panamax container vessels. This of course will have a positive effect on second-hand prices. As a result this variable may have either a positive or a negative sign, depending on the circumstances. 

Profitability π is another factor affecting the prices of second-hand ships. Profitability here is expressed as the difference between the timecharter rate of the current year and the year before minus operating costs. It is assumed that the higher the difference, the higher the shipowner's liquidity and, consequently, the higher his ability to go into the market and shop for more ships. Therefore, this variable is expected to have a positive sign as well. This measure is also indicative of market directionality. It is a valuable factor to include as it allows the expectations as expressed in the timecharter rate to be put into context. In simple terms a positive market directional factor would reflect increasing expectations and therefore demand and values. Conversely, a negative market directional factor would have the opposite effect. 

According to a view firstly expressed by Beenstock (1985) second-hand ships are also capital assets. This means that they compete with other investments in terms of profitability. The higher the return on investment in shipping, both through operational and asset play earnings, the more money investors will be willing to pour in the market and as a result the higher the demand for second-hand ships. In principle, this argument is correct but there are exceptions; Norwegian K/S schemes for example have served to illustrate that there have been times when secondhand prices have appeared move outside of the primary influences of earnings and newbuilding prices. At the height of their popularity there were many K/S schemes in the market to buy tonnage and this pushed the price up for secondhand vessels even though vessel earnings were low. This also supports the comments elsewhere that ships themselves are a tradable commodity that encourages many owners to engage in the practice of asset play. 

Nevertheless, the Internal Rates of Return of competing investments such as the US Treasury Bills, US Bonds and Stocks will have a negative effect on second-hand ship prices, thus a negative sign is expected. In the case of stocks however, the improved rates of return may denote the health of the world economy and have a positive effect on freight rates and subsequently on second-hand ship prices. 

Finally, the cost of capital, expressed as the average 3-month London Interbank Offered Rate (LIBOR), is assumed to affect the price of second-hand ships negatively, since the higher the interest rate, the higher the cost of capital and as a result the lower the liquidity of most shipowners, thus limiting their ability to bid higher for a second-hand vessel. In this case, the availability of finance provided to shipowners on an annual basis would have been a much better indicator of the shipowners' liquidity. Nevertheless, such data could not be found by the authors. Traces of such information were found in an article by Mr. Newbold of Citibank (1994). However, when  Citibank was contacted by the authors for more information, they were disappointed to find out that the data contained in this article was nothing more than arbitrary estimations based on assumptions made by Citibank staff rather than real data (Sahni 2002).

Data Collection and Manipulation

Financial data on the three month London Interbank Offered rate (3-month LIBOR), bonds, treasury bills and stocks was obtained from Datastream International for the years 1960-2001. After that Internal rates of return were calculated for every variable for each year, with the exception of the LIBOR variable. Shipping related data was collected from the annual reviews and the monthly reports of the major shipbroking houses including Clarksons, Fearnley's and SSY. The oldest review found was that of 1965 by Fearnley's including data dating back to 1960. The first step was to distinguish between ship types. Therefore for the bulk carrier market three ship types were distinguished: Handy (15-49,999dwt), Panamax (50-79,999dwt) and Capesize (80,000+) bulk carrier. 
By the same token tankers were classified into: Handy (15-49,999dwt), Panamax (50-79,999 dwt), Aframax (80-120,000 dwt), Suezmax (120-199,999dwt), and Very Large Crude Carriers (200,000+. 
Based on data provided by shipbrokers, for every ship type a specific vessel was taken as benchmark: 30,000 dwt geared, 65,000 dwt and 120,000 dwt ships for bulk carriers and 30,000 dwt, 70,000 dwt, 105,000 dwt, 130,000 dwt and 280,000 dwt ships for the tanker market, all built in Japan. (except tankers, where from 1985 onwards, Korean built vessels are used). The reason is that Korean shipyards became more competitive  price-wise due to massive investment, efficiency and quality improvement as well as due to the currency situation, which clearly disfavoured the Japanese Yen. As a result, prices quoted by Korean shipyards have become the industry’s benchmark.

An academic and a professional challenge laid behind this decision. The academic one was that for the first time an econometric analysis of any of the shipping markets would include such a long series of data disaggregated into the major ship types. Models based on aggregate data have provided good results in the past. Strandenes (1982) for example, reports that changes in market conditions for any size group of tankers are assumed to induce chain reactions throughout the freight market. Her analysis indicates that tankers in adjacent size groups are substitutes, whereas tankers with larger size differential are complements. However, she claims that the influence across size groups seems to decrease with increasing size differential. This latter point is taken further by Glen (1990) who argues that the traditional assumption that the oil tanker market is homogeneous is no longer valid and it has been replaced by route and size differentiation. According to Glen (1990) size differentiation emerged because of the limited flexibility of the largest oil tankers due to increased supply and lower levels of port capacity growth thus creating severe constraints on port availability and hence route flexibility. Consequently, large vessels became riskier assets to own. This is also supported by the results reported by Kavussanos (1996 and 1997). Therefore, what is needed is an analysis of both the bulk carrier and the tanker market differentiating into various sizes. This is where the professional challenge comes in, since this model can become a useful tool for the shipowners to base their investment decisions since they will be able to know which factors and to what extent affect every different ship size. Furthermore, this model can be an interesting tool for the brokers who will be able to assess the price of a second-hand vessel more accurately and then discount or increase the price according to the specifications of the ship that circulates the market.

Due to the large number of variables and the problems experienced with data collection, it was decided to use annual data for the estimates. This way fewer discrepancies with the data occurred and the results were more reliable, particularly for the earlier years where data is scarce and unreliable.

Another issue was the starting date of the observations. The 1960s was a time when new types of larger, purpose-built ships were coming on stream on a regular basis to satisfy the increasing demand for sea transport services deriving from the impressive increase in trade volumes. Thus the late 60s saw the introduction of VLCCs and Cape size bulk carriers. Despite the fact that data existed for some ship types from mid 50s it was decided that the starting point of this analysis would be 1968. This year was chosen because for the first time, the world fleet included vessels of all the different types that are analysed in this paper.

The combination carrier effects

Often reported separately from bulk carriers and tankers, combination carriers were developed in order to exploit trade imbalances and demand fluctuations. These vessels primarily offered the potential to maximise laden/ballast ratio and/or switch trades through their greater cargo carrying capabilities. A secondary advantage was the ability to re-position into other markets more easily than straight bulk vessels through carrying back haul cargoes. They reached their peak in the 70s but their operation-related problems and charterers prejudice did not make them a success with shipowners who steadily abandoned this concept. The result was an ever-decreasing fleet, mainly comprised of old vessels since over the last years only a handful of this type of vessels has been ordered. Nevertheless, these ships pose some pressure, far less significant today than in the 70s, on the supply side of both the tanker and bulk carrier market. To cope with this issue, an investigation into the trade patterns of these ships, their spill between the oil and the dry bulk trades was necessary. Fearnleys and Jacobs (SSY) Reviews from 1965 up to 2001 provided the necessary data. The combined carrier fleet and orderbook were divided between dry bulk and oil trades and distributed according to ship sizes based on data from Drewry. This way, a clearer picture of the real size of the fleet employed in both dry and oil trades was obtained and more accurate estimations could be made.

From the data obtained further variables such as the orderbook as a percentage of the total fleet and the vessel's profitability, measured as the difference between current and previous year's timecharter rates, were obtained.

Data collecting proved to be the most time consuming and difficult task. This was not due to the lack of data information sources but due to the consistency and quality of the data itself. 

Problems experienced with data

One of the major problems incurred during this research was the non-matching of the size class categories. Reported ship sizes change over time. Even when long data series were obtained from a single source, year on year changes with respect to size could be observed. This problem is more intense in the earlier years where not all class size categories were as well developed and well distinguished as today. For example in the early and mid 60s large tankers used to be described as anything above 80,000dwt, something that is certainly not the case today. Such things can create significant problems with the data series, particularly when someone benchmarks against today's size distributions. Take for example newbuilding prices. Until 1975, Fearnleys was reporting newbuilding values based on the prices quoted by European shipyards. From 1976 onwards, prices quoted by Japanese shipyards became the benchmark. As a result, a price reduction of 10% compared to the previous year in the price of a newbuilding built in Japan may look as a 60% reduction if the price is compared to the 1975 price quoted by a European shipyard for the same ship. Therefore, in some cases, some adjustments had to be made by comparing Fearnleys quotations with that of other shipbroking houses such as Clarksons, Gibsons, Jacobs and SSY.

Another problem is vessel classification. Some vessels that some shipbroking houses regard as Aframaxes may be classified as Suezmaxes by others, while some people distinguish between handy, handymax and superhandymax vessels, with the latter being in the same size category with some Panamax vessels. This creates significant discrepancies between the fleet data reported by various shipbroking houses. For example, some may report in their orderbook figures only the deals that go through, whereas others may also include unexercised options. Furthermore, another problem, particularly with tanker vessels, is the inclusion of other ship types in fleet figures. Some for example may report tanker fleet figures including chemical carriers or others include combined carriers when they report the oil tanker orderbook. 

The situation regarding fleet related data became even worse after 1995. Nearly all shipbroking houses use Lloyd's Register to source fleet information. However, in 1995 Lloyds Register changed the ship type classification for the World Merchant Fleet. This means that some ships previously regarded as bulk carriers are now classified under general cargo vessels. Consequently, fleet statistics pre and after 1995 are even more difficult to compare.

Finally, it is important to note the effect the special relations shipbrokers have with the major players in the market, namely the shipowners and the charterers. It may be the case for shipbrokers, for example in countries where shipowners are the dominant force, to overestimate timecharter rates and underestimate developments on the supply side of the fleet. By the same token, shipbrokers based in charterers' dominated territory, may underestimate timecharter rates and overestimate supply factors such as over-ordering or increasing deliveries.

Transformation into Logarithms

In this paper time series were transformed by taking natural logarithms. Several reasons can be mentioned to justify this. The first one is that upon certain circumstances, taking logarithms may stabilise a non-stationary variance. Another is that an exponential trend in time series becomes linear after transformation, thus making it easier to analyse it in more detail. Finally, parameters in linear structural models with variables in logarithms can be interpreted as elasticities. 
Dummy Variables

During the estimations it occurred that some observations could be considered as outliers. To overcome the problem that these observations had a large impact on the estimation results dummy variables were included in the models.

For all tanker segments dummy variables were used for the years 1971 and 1973 to make up for the effects on the freight market and subsequently on the second-hand market of unforeseen political events such as the Tap line closure along with the restrictions on Libya oil production by the new regime in 1971 and the Yom Kippur War followed by the first oil crisis in 1973. For Bulk carriers dummies were used for 1985 and 1986. These were the years that the deliveries of the ships ordered by Sanko in 1983 were delivered. Sanko, a Japanese company, was facing tremendous financial problems due to the slump in the tanker market in the late 70s and the sharp market fall in the bulk sector in 1982. Instead of looking for a restructuring plan it went on to order secretly 125 handy size bulk carriers. Such behaviour was not justified by market conditions, since the market was showing no signs of recovery but it was due to the company's precarious economic situation and its desire to seek ways to avoid bankruptcy. Furthermore, during these years many banks decided to foreclose on many of the loans they had provided to shipowners in previous years. This caused a record number of ship auctions at very low prices, which of course had a distorting effect on the value of second-hand vessels.
Model Specification

As it has already been discussed, there are many variables that affect second-hand ship prices. In order to avoid multicollinearity as well as variables that exhibit stationarity that may hamper the results, correlations and unit root tests, namely the Augmented Dickey Fuller stationarity tests were performed. The results are summarised in the following tables. 

Table 1: Augmented Dickey-Fuller Test Results for Stationarity

Ship Type/Variable
ADF Statistic
Stationarity

Bulk Carriers



Handy



LnNB
-3.157423
No

Lnfr
-2.884893
No

Lnorderbook
-3.212570
No

LNLIBOR
-2.304858
No

LnBonds
-4.518693
Yes

LNBILLS
-1.966368
No

LnProfit
-5.617530
Yes

LNSECONDHAND
-2.398328
No

LNSTOCKS
-4.469673
Yes

Panamax



LnNB
-2.970006
No

Lnfr
-3.537355
No

Lnorderbook
-2.815005
No

LNLIBOR
-2.304858
No

LnBonds
-4.518693
Yes

LNBILLS
-1.966368
No

LnProfit
-6.168032
Yes

LNSECONDHAND
-2.823856
No

LNSTOCKS
-4.469673
Yes

Capesize



LnNB
-3.566867
No

Lnfr
-3.559415
No

Lnorderbook
-2.086952
No

LNLIBOR
-2.304858
No

LnBonds
-4.518693
Yes

LNBILLS
-1.966368
No

LnProfit
-5.559852
Yes

LNSECONDHAND
-3.138371
No

LNSTOCKS
-4.469673
Yes

Tankers



Handysize



LnNB
-2.019855
No

Lnfr
-2.171964
No

Lnorderbook
-3.554595
No

LNLIBOR
-2.304858
No

LnBonds
-4.518693
Yes

LNBILLS
-1.966368
No

LnProfit
-6.357346
Yes

LNSECONDHAND
-2.594860
No

LNSTOCKS
-4.469673
Yes

Panamax



LnNB
-2.264167
No

Lnfr
-1.991193
No

Lnorderbook
-2.907218
No

LNLIBOR
-2.304858
No

LnBonds
-4.518693
Yes

LNBILLS
-1.966368
No

LnProfit
-5.333036
Yes

LNSECONDHAND
-1.677451
No

LNSTOCKS
-4.469673
Yes

Aframax



LnNB
-2.376236
No

Lnfr
-1.810909
No

Lnorderbook
-1.929128
No

LNLIBOR
-2.304858
No

LnBonds
-4.518693
Yes

LNBILLS
-1.966368
No

LnProfit
-5.962888
Yes

LNSECONDHAND
-1.916966
No

LNSTOCKS
-4.469673
Yes

Suezmax



LnNB
-2.381185
No

Lnfr
-1.830638
No

Lnorderbook
-1.934502
No

LNLIBOR
-2.304858
No

LnBonds
-4.518693
Yes

LNBILLS
-1.966368
No

LnProfit
-4.841294
Yes

LNSECONDHAND
-1.460257
No

LNSTOCKS
-4.469673
Yes

VLCC



LnNB
-2.833262
No

Lnfr
-1.746063
No

Lnorderbook
-2.317993
No

LNLIBOR
-2.304858
No

LnBonds
-4.518693
Yes

LNBILLS
-1.966368
No

LnProfit
-5.234216
Yes

LNSECONDHAND
-1.708006
No

LNSTOCKS
-4.469673
Yes

ADF test models contain an intercept and no trend. The null hypothesis is that the series is non-stationary. This hypothesis is rejected if the statistics are larger in absolute values than the critical values. Critical values for the ADF test are -3.67, -2.96 and -2.62 for the 1%, 5% and 10% level, respectively. Sample 1968-2001.

From table 1 it can be seen that lnstocks, lnbonds and lnprofit are stationary. Furthermore they are lowly correlated to lnsecondhand. Therefore they are excluded from our model. What is more, in order to avoid multicollinearity, it is better not to use lnbills and lnlibor in the same equation. Therefore, one must be excluded. A closer investigation to the correlation matrices shows that lnlibor is more highly correlated to lnsecondhand than lnbills. Therefore, lnlibor is the value of choice for this model.

Consequently, the model that will be estimated is:


Testing for Cointegration

A group of non-stationary time series is cointegrated if there is a linear combination of them that is stationary; that is the combination does not have a stochastic trend. The linear combination is called the cointegrating equation. Its normal interpretation is as a long-run equilibrium relationship. This allows us to test whether the variables we have chosen to include in our model exhibit such relationships and, consequently, can be used together in the model. Taking the Johansen (1991) approach, we find that for all ship types there are at most four relations in our models, which makes us confident with estimating our model. What is reported in the next table is the eigen value for every ship type that rejects the hypothesis that there is no cointegration among our variables at both 5 and 1% level.

Table 2:Cointegration Tests

Tankers
Eigenvalue

VLCC
 0.887157

Suezmax
 0.815736

Aframax
 0.798208

Panamax
 0.657559

Handy
 0.904433

Bulkers


Cape
 0.778574

Panamax
0.722321

Handy
 0.749528

Output of estimations and test results

To demonstrate whether a model or equation is rightly selected, the estimation results in the empirical analysis are presented with a number of statistics. The output of estimations and test results contain the following statistics:

· Parameter values, standard error of estimate and corresponding t-values.

· Coefficient of determination (R2), Adjusted R-squared Durbin-Watson statistic (DW), S.E. of regression.
Results were estimated with OLS by using the statistical package EViews 4.0.
As already mentioned, the results reported here are based on the price of a five-year-old vessel of standard specifications and built in Japan. Therefore, if someone would like to obtain an estimate for a ship with different specifications, adjustments will have to be made with respect to engine, equipment specifications, country of built, time until the next dry dock etc. Furthermore, if someone wants to find the corresponding price of a ten year old ship, an age correction factor e-d(t-b) like the one incorporated in Wijnolst and Wergeland (1997) shall be added to the model where:

d= the depreciation rate t= the year of the transaction and b is the building year of the ship.

The results for all ship types are summarised in tables 3 and 4. Table 3 reports the estimated coefficients for every ship type, while table 6 reports the standard errors, t-statistics, R-squared, adjusted R-squared and the Durbin Watson statistic.

In all models R2 is high and ranges from 0.87 (Cape size Bulk carriers and Aframax tankers) to 0.93 (Panamax tankers) with the rest ranging between 0.88 and 0.93. The fit of all equations is good as indicated by the SE of regressions ranging from 0.10 to 0.27.

The newbuilding price and the timecharter rates variables were found to be highly significant from a statistic point of view for all ship types, with a positive effect on second-hand prices. A 10% increase for example in the timecharter rate of a Handy size bulk carrier will lead to an 10.4% increase in the price of a five year old vessel. This is fully in line with what was discussed in the theoretical part of the paper. It is worth noting here that in all segments except Handy Bulk Carriers and tankers, the coefficients for the newbuilding variable are higher than the ones for the timecharter rate ones. A reason behind this may be asset play. It seems as if people looking for making money out of buying and selling ships at the right point in time are more active in these sectors. These people keep an open eye for fluctuations in the prices quoted by shipyards should an opportunity for asset play arise on a continuous basis, thus affecting second-hand ship prices accordingly. A special case is the Suezmax tanker segment. According to our findings, a 10% increase in the newbuilding price of a Suezmax tanker will make a five-year old vessel's price rise by about 9.2%. This can be attributed to the special nature of such vessels. It should be understood that Suezmax tankers are not natural products for shipyards to build as the demand for them is relatively limited. This is because the foot print of a Suezmax is not considerably smaller than a VLCC in a building dock and offers shipbuilders little opportunity to maximise output – rather to build a VLCC or two aframaxes than one Suezmax. Consequently, Suezmax prices have been closely pegged to VLCCs with a discount but not proportional to the size. In other words Suezmaxes are rarely bargain vessels. Second-hand prices of Suezmaxes could therefore be more closely tied to newbuilding prices than for other tanker sizes.
For bulk carriers in particular, the following may add up to this finding:

· The values of the dry cargo commodities carried by bulkers are far lower than the values of the commodities carried by tankers i.e. crude oil and especially petroleum products. This tends to put greater pressure upon dry bulk carriers than tankers to provide value for money transportation given that transportation costs form a higher proportion of the landed commodity cost in bulkers than in tankers. This tends to limit the upside potential of dry bulk carrier freight rates more than tankers. Dry bulk shipping is therefore more cost driven than revenue driven than tanker shipping. 

· The performance of the dry bulk carriers both in terms of absolute earnings and return on investment has traditionally been much lower than for tankers. This is one of the reasons why combined carriers have on average traded predominantly in oil rather than dry cargo (sometimes the ratio has reached 90% wet 10% dry).

· Given the above dry bulk carrier owners have tended to be far more readily attracted by low newbuilding prices than tanker owners as the cost of the vessel is more crucial to the return on investment. thus dry bulk carrier orders often react much quicker than tanker orders to lower contract prices especially at times when  orderbooks are much lower than available shipbuilding capacity.

· Being cheaper to build than tankers, bulk carriers are not the first choice of construction in a shipyard where both tankers and bulkers are constructed. This is because a shipyard has a need to get the maximum value from the available space. New contract prices for dry bulk carriers may therefore be driven by the demand and price of alternative vessels like tankers. The timing of the dry bulk carrier order is more crucial than in tankers and often takes place when demand for new tankers has fallen and shipbuilding prices have fallen.

· In the above circumstances second-hand value for bulkers have become closely related to the cost of building a new ship and owners have placed a greater emphasis upon trading ships as commodities (asset play) than their counterparts in the tanker market.
The dummy variables for bulk carriers were found to be highly significant in all market segments. In the tanker market, the dummies were found to be significant in the Panamax, Suezmax and VLCC segments. However, the dummy variable exercises higher influence in the Suezmax and VLCC segments. The reason is that the dummies included in the model are related to political events affecting the Middle East in particular, where most loadings for these types of ships take place.

An interesting result was obtained from the LIBOR variable. As it has already been described, the LIBOR variable was included in lieu of the lack of the availability of ship finance to the industry variable, in order to represent the cost of capital for the shipowners. It was assumed that this variable would have a negative effect on second-hand prices, since the higher the cost of capital, the lower the liquidity of many shipowners. What is interesting is that LIBOR was found to be statistically significant for all three types of bulk carriers. According to the Capesize estimation in particular, a 10% increase in LIBOR leads to a 5% decrease in the value of a five-year old vessel. On the other hand, however, LIBOR was found statistically insignificant for all tanker segments. What can be implied from this is that shipowners operating in the tanker sector possess more capital than their colleagues in the bulk carrier sector do. Therefore, an increase in the cost of borrowing money will not affect their investment decisions as much it will in the bulk carrier shipowners case. This argument can be further strengthened by the fact that cashflow and revenues are significantly higher in the tanker market than in the bulk carrier one, as well as by the fact that, traditionally, the world's largest and richest shipowners have mostly been active in the tanker sector. After all, for many shipping enterprises, particularly for the Greek ones, entering the tanker market from the bulk carrier one is regarded as a step forward, and a sign of maturity and success.

Orderbook expressed as a percentage of the existing fleet was found to be statistically significant only in the handy bulk carrier and the handy and Suezmax tanker markets. For Suezmaxes this can be attributed to the particular characteristics of this type of vessel as analysed above. Handy segments on the other hand are the most fragmented ones, where the great majority of shipowners operate, and which are considered to be the 'entry levels' of shipowning. In these small sizes, shipowners tend to operate their fleet mostly on the spot market, or on medium rather than long- term charters as is the case with for example the Cape size bulkers, where many ships are engaged on long-term contracts of affreightment. In other words they are considered tramp vessels whereas Capesizes are considered to be industrial ships. This means that an expected increase in the fleet, arising out of the large orderbook, will spread concern among the small shipowners, with negative immediate effects on second-hand ship prices. Nevertheless, it is worth noting that because in this case future developments are discussed, the effect on the current second-hand price is not that significant with about 2.3% decrease in the value of a five-year-old Handy tanker for a 10% increase in the orderbook.  Finally, what is strange for this variable is the fact that in the Handy, Panamax and Aframax tankers, had a negative sign, while in the rest of the markets it had a negative one. In this case a large orderbook may show that there is a potentially lucrative market segment where there are too few ships unable to satisfy demand. This is what happened in the early 1970s in the VLCCs where in 1970 the orderbook stood at 308% of the existing fleet, with ship prices continuing to rise. The same applies to the handy Sector, particularly Handymaxes, which in the last couple of years have a good record of high returns in a generally unstable market and whose orderbook in 2001 was standing at 14% of the total fleet (Oldendorf 2002), without any negative effects on vessel price.
Table 3: Coefficients Estimation 

Handy Size Bulk Carrier
Panamax Bulk Carrier

LNSECONDHAND=-7.389597721 +1.043564512*LNFR+0.310448786*LNNB+0.1248324848*LNORDERBOOK –0.242276652*LNLIBOR-0.545951324*DUMMY
LNSECONDHAND=-2.993068279+0.4819065532*LNFR+0.5418837645*LNNB-0.1623459825*LNLIBOR+0.004431077692*LNORDERBOOK-0.3440920064*DUMMY



Capesize Bulk Carrier
Handy Size Tanker



LNSECONDHAND=-3.61345775+0.8158205328*LNFR+0.0537008966*LNNB-0.5160983773*LNLIBOR+0.09122509385*LNORDERBOOK-0.4456197257*DUMMY


NSECONDHAND=-4.017300862+0.6279424413*LNFR+0.5341142341*LNNB-0.2304666472*LNORDERBOOK-0.1053981031*LNLIBOR


Panamax Tankers


Aframax Tankers



LNSECONDHAND=-1.40748533+0.1426506628*LNFR+1.002129871*LNNB-0.02163617206*LNORDERBOOK-0.1212924674*LNLIBOR-0.380181534*DUMMY
LNSECONDHAND= -3.501818826+0.4597779038*LNFR+0.7390483361*LNNB-0.009511952444*LNORDERBOOK-0.1929410139*LNLIBOR+0.08414260962*DUMMY



Suezmax Tankers
Very Large Crude Carriers (VLCC)



LNSECONDHAND= -2.648824227 +0.2304459689*LNFR+0.9193008685*LNNB+0.1528874191*LNORDERBOOK-0.05075270465*LNLIBOR-0.4812971672*DUMMY


LNSECONDHAND= -5.19004811+0.5773525069*LNFR+0.7976450896*LNNB+0.09645151395*LNORDERBOOK-0.2719357263*LNLIBOR+0.4571200526*DUMMY



Table 4: Regression Results OLS

Handy Size Bulk Carrier
Panamax Bulk Carrier


Coefficient
Std. Error
t-Statistic


C(1)
-7.389598
1.186956
-6.225674


C(2)
1.043565
0.180096
5.794487


C(3)
0.310449
0.189526
2.638024


C(4)
0.124832
0.050421
2.475794


C(5)
-0.242277
0.071891
-3.370043


C(6)
-0.545951
0.113591
-4.806285


R-squared
0.926464
 Mean dependent var
2.069031

Adjusted R-squared
0.913333
 S.D. dependent var
0.520020

S.E. of regression
0.153090
 Durbin-Watson stat
1.612871



Coefficient
Std. Error
t-Statistic


C(1)
-2.993068
0.736986
-4.061227


C(2)
0.481907
0.103732
4.645694


C(3)
0.541884
0.138366
3.916320


C(4)
0.004431
0.047907
0.092494

C(5)
-0.162346
0.076497
-2.122242


C(6)
-0.344092
0.096715
-3.557778


R-squared
0.909227
 Mean dependent var
2.549120

Adjusted R-squared
0.891073
 S.D. dependent var
0.447280

S.E. of regression
0.147621
 Durbin-Watson stat
2.018068


Capesize Bulk Carrier
Handy Size Tanker


Coefficient
Std. Error
t-Statistic
 

C(1)
-3.034906
0.713820
-4.251643


C(2)
0.527516
0.095259
5.537691


C(3)
0.642574
0.170024
3.779315


C(4)
0.043063
0.036407
1.182823


C(5)
-0.497546
0.085823
-5.797351


C(6)
-0.448411
0.197798
-2.267012


R-squared
0.871746
Mean dependent var
2.912180

Adjusted R-squared
0.848843
S.D. dependent var
0.476795

S.E. of regression
0.185373
Durbin-Watson stat
1.648376



Coefficient
Std. Error
t-Statistic
  

C(1)
-4.017301
1.610609
-2.494274


C(2)
0.627942
0.255422
2.458455


C(3)
0.534114
0.200330
2.666170


C(4)
-0.230467
0.106853
-2.156855


C(5)
-0.105398
0.095602
-1.102470


R-squared
0.899914
Mean dependent var
2.542786

Adjusted R-squared
0.880850
S.D. dependent var
0.426851

S.E. of regression
0.147341
Durbin-Watson stat
1.608746



Panamax Tankers
Aframax Tankers


Coefficient
Std. Error
t-Statistic
.  

C(1)
-1.407485
0.425433
-3.308358


C(2)
0.142651
0.064899
2.198048


C(3)
1.002130
0.104643
9.576656


C(4)
-0.021636
0.048822
-0.443161


C(5)
-0.121292
0.056167
-2.159510


C(6)
-0.380182
0.113962
-3.336041


R-squared
0.949686
Mean dependent var
2.889342

Adjusted R-squared
0.939623
S.D. dependent var
0.429324

S.E. of regression         0.105492     Durbin-Watson stat
1.549877



Coefficient
Std. Error
t-Statistic
  

C(1)
-3.501819
1.029384
-3.401859


C(2)
0.459778
0.153422
2.996826


C(3)
0.739048
0.185022
3.994374


C(4)
-0.009512
0.073204
-0.129938


C(5)
-0.192941
0.113595
-1.698492


C(6)
0.084143
0.123684
0.680301


R-squared
0.872186
Mean dependent var
2.879705

Adjusted R-squared
0.846623
S.D. dependent var
0.572980

S.E. of regression
0.224398
Durbin-Watson stat
1.714585



Suezmax Tankers
VLCC Tankers


Coefficient
Std. Error
t-Statistic
  

C(1)
-2.648824
0.760492
-3.483039


C(2)
0.230446
0.106426
2.165319


C(3)
0.919301
0.174568
5.266159


C(4)
0.152887
0.050134
3.049550


C(5)
-0.050753
0.139293
-0.364359


C(6)
-0.481297
0.157620
-3.053536

R-squared
0.878010
Mean dependent var
3.095081

Adjusted R-squared
0.853612
S.D. dependent var
0.574453

S.E. of regression
0.219790
Durbin-Watson stat
1.596427

Coefficient
Std. Error
t-Statistic
.  

C(1)
-5.190048
1.343917
-3.861881


C(2)
0.577353
0.201899
2.859607


C(3)
0.797645
0.236040
3.379276


C(4)
0.096452
0.079633
1.211204


C(5)
-0.271936
0.172656
-1.575010


C(6)
0.457120
0.180871
2.527330


R-squared
0.891485
Mean dependent var
3.389175

Adjusted R-squared
0.869782
S.D. dependent var
0.765538

S.E. of regression
0.276249   Durbin-Watson stat
         1.829440


Forecast

Based on the model estimated above, forecasts were made for all ship types for the period 1999-2001. In addition to that an unrestricted Vector Autoregression model of two lags was calculated for all ship types and forecasts were made for the same period. The VAR model is based on the structural model estimated above and it includes six endogenous variables (the second-hand prices, orderbook as percentage of the fleet, LIBOR, newbuilding price, the timecharter rate and the dummy variables where used). 

Table 6 compares the forecasting capabilities of these two different econometric methods. The size of the errors of the model for the actual levels of SEM are demonstrated with absolute errors, percentage errors and the root mean squared error. The root-mean squared error is used to compare the performance of the forecasts of the SEM and VAR models. A comparison of all estimates can be found as graph in graph 2.

From this table, it can be seen that VAR forecasts outperform those of SEM for the Panamax and Cape size bulk carriers, as well as for the Handy, and Suezmax tankers. The Structural equation model outperforms VAR estimates for Handy Bulk carriers as well as Panamax, Aframax, and VLCC tankers. These results are in line with the views expressed above.   Structural Equation Models, the method Tinbergen adopted, is still to be preferred if one wants to achieve the classical objectives of EBCR simultaneously, which are to describe and forecast cycles and to evaluate policies. However, if not all goals have to be met with a single vehicle, other methods might serve the purpose equally well or even better as is the case with the Vector Auto Regressive method whose forecasts outperform those of SEM on many occasions.

Table 6: 

SEM-VAR Forecast Comparison 
Handy B/C
Panamax B/C
Cape B/C
Handy Tanker
Panamax Tanker
Aframax Tanker
Suezmax Tanker
VLCC Tanker

SEM









Absolute errors
0.089298
0.097664
0.108381
0.236995
0.081659


0.255867
0.116857
0.143908

Percentage errors
3.712101
3.558407
3.377594
8..363494
2.414751
7.145188
3.155020
3.504546

Mean squared errors
0,092762
0,180643
0,120748
0,348025
0,110676
0,299112
0,129839
0,148190

VAR









Mean squared error
0,172083
0,102830
0,088877
0,114086
0,138694
0,315151

0,128926
0,156847





Conclusion

This paper provided an econometric analysis of second-hand ship prices. For the first time, the cyclical nature of second-hand ship prices was analysed within the context of Econometric Business Cycle Research (EBCR). In part one, a distinction was made between ship value and ship price through an investigation into the sale and evaluation processes. Part one concluded with an economic analysis of the variables affecting second-hand ship sales. Part two began by presenting previous attempts to model second-hand ship prices. After that the concept of Econometric Business Cycle Research is introduced. For the first time within the bulk shipping context two econometric methods (Structural Equation Models and Vector Autoregression models) were introduced, analysed and compared from a theoretical perspective with respect to achieving the classical objectives of EBCR simultaneously, which are to describe and forecast cycles and to evaluate policies. 

Data covering the period 1968-2001 was collected for all major ship types both in the dry bulk and tanker segment. Some difficulties were experienced during this stage stemming from data discrepancies. Nevertheless, adjustments and refinements were made and the complete data set was prepared. Two models were estimated, a structural and an unrestricted two lagged VAR one, in order to estimate the effects of timecharter rates, cost of capital, newbuilding prices, orderbook as a percentage of the fleet and unexpected events, mainly political, have on second-hand prices.

The newbuilding price and the timecharter rates variables were found to have a positive effect on second-hand prices. In all segments except Handy Bulk Carriers and tankers, the coefficients for the newbuilding variable are higher than the ones for the timecharter rate ones. A reason behind this may be asset play. Shipowners in these markets keep an open eye for fluctuations in the prices quoted by shipyards should an opportunity for asset play arises on a continuous basis, thus affecting second-hand ship prices accordingly.

For bulk carriers in particular this may be attributed to: 

· The low values of the dry cargo commodities carried by bulkers compared to those carried by tankers. 

· The lower performance of the dry bulk carriers both in terms of absolute earnings and return on investment has traditionally.

· The fact that dry bulk carrier owners have tended to be far more readily attracted by low newbuilding prices than tanker owners as the cost of the vessel is more crucial to the return on investment. 

· The fact that the timing of the dry bulk carrier order is more crucial than in tankers and often takes place when demand for new tankers has fallen and shipbuilding prices have fallen.

The cost of capital was found to be statistically significant for all three types of bulk carriers and insignificant for all tanker segments. This can be attributed to the higher liquidity of tanker owners compared to that of their colleagues in the bulk carrier sector. Therefore, an increase in the cost of borrowing money will not affect their investment decisions as much it will in the bulk carrier shipowners case. 

Orderbook expressed as a percentage of the existing fleet was found to be statistically significant only in the handy bulk carrier and the handy and Suezmax tanker markets. This on the one hand can be attributed to the particular characteristics of the Suezmax vessels and on the other on the fact that Handies are the most fragmented market segments, where the great majority of shipowners operate, and which are considered to be the 'entry levels' of shipowning. In these small sizes, shipowners tend to operate their fleet mostly on the spot market, or on medium rather than long- term charters as is the case with for example the Cape size bulkers, where many ships are engaged on long-term contracts of affreightment. Therefore, an expected increase in the fleet, arising out of the large orderbook, will spread concern among the small shipowners, with negative immediate effects on second-hand ship prices. Nevertheless, it is worth noting that because in this case future developments are discussed, the effect on the current second-hand price is not that significant. 

Apart from the above results, this paper assessed two methods of EBCR (Structural Modelling(SEM) and Vector Autoregression (VAR)  within the context of second-hand ship prices were assessed. It was found that SEMs, the method Tinbergen adopted, is still to be preferred if one wants to achieve the classical objectives of EBCR simultaneously, which are to describe and forecast cycles and to evaluate policies.

Our main conclusion does not imply the end for other methods of EBCR. If not all goals have to be met with a single vehicle, other methods might serve the purpose equally well or even better. For example, if someone is interested in forecasts, he/she might prefer another method like VAR.

Despite advances in econometric technology, computers, data availability and more sophisticated theoretical economic models, according to Rosenberg (1992), economic theory has not satisfied the minimal requirements of predictive improvement or even shown much of an interest in securing it. Therefore we have to be modest about what econometrics can do, since at the end of the day, neither falsification nor verification of economic theories is possible. The best we can do is verify plausible outcomes with other data sets and supply sound historical and institutional arguments to validate our conclusions.
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		1980				35.0		58.6		$21.13		7.40		7.28

						36.0		76.6		$26.86		9.67		9.52

		1981				29.0		62.8		$27.33		7.93		7.80

						22.0		56.1		$32.19		7.08		6.97

		1982				19.0		44.4		$29.46		5.60		5.51

						20.0		45.1		$28.47		5.69		5.60

		1983				19.0		41.5		$27.59		5.24		5.16

						31.0		67.9		$27.66		8.57		8.44

		1984				33.0		71.5		$27.36		9.03		8.89

						26.0		57.0		$27.65		7.19		7.08

		1985				24.0		53.7		$28.24		6.78		6.67

						29.0		64.8		$28.20		8.18		8.05

		1986				32.0		64.4		$25.38		8.12		7.99

						32.0		60.2		$23.76		7.60		7.48

		1987				32.0		40.7		$16.06		5.14		5.06

						46.0		67.7		$18.56		8.54		8.40

		1988				33.3		48.9		$18.56		6.17		6.07

						48.8		71.8		$18.58		9.06		8.91

		1989				39.8		61.2		$19.38		7.84		7.72

						55.8		85.7		$19.38		10.99		10.82

		1990				57.4		78.6		$17.29		10.08		9.92

						60.0		82.2		$17.29		10.54		10.37

		1991				65.8		103.3		$19.81		13.25		13.04

						52.9		83.0		$19.81		10.64		10.48

		1992				38.9		52.1		$16.88		6.68		6.57

						47.9		64.1		$16.88		8.22		8.09

		1993				43.6		61.7		$17.84		7.91		7.78

						41.7		58.9		$17.84		7.55		7.43

		1994				34.5		44.4		$16.24		5.70		5.61

						44.1		56.8		$16.24		7.28		7.17

		1995				44.2		59.2		$16.92		7.59		7.47

						54.3		72.7		$16.92		9.33		9.18

		1996				54.3		74.7		$17.37		9.58		9.43

						53.6		73.8		$17.37		9.47		9.32

		1997				52.9		78.4		$18.70		10.05		9.90

						65.9		97.6		$18.70		12.52		12.32

		1998				60.4		86.5		$18.08		11.10		10.92

						54.1		77.5		$18.08		9.94		9.78

		1999				50.1		66.5		$16.75		8.53		8.39

						44.8		59.4		$16.75		7.62		7.50

		2000				70.4		89.7		$16.08		11.51		11.33

						99.1		126.3		$16.08		16.19		15.94

		2001				81.9		81.9		$12.62		10.50		10.34

		2001				52.2		52.2		$12.62		6.69		6.59

						Basis Ras Tanura-Rotterdam, trading Cape/Cape.

						New Worldscale from Jan. 1989.

						NB: New Worldscale rates converted from US$/tonne to US$/long ton.

						SOURCE: SSY Consultancy & Research.
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Graph 1: Comparison Original WS with WS 2001
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