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THE THEORETICAL
FOUNDATIONS OF
THE FREIGHT MARKET

EXECUTIVE SUMMARY

In the traditional model of the freight market, which dates back to the 1930s,
freight rates are determined in a perfectly competitive market, where the stock of
fleet is predetermined at any point in time. This implies that freight rates adjust
instantly to clear the demand-supply balance, where supply is fixed. Accordingly,
freight rates respond exclusively to fluctuations in demand, rising when demand
increases and falling when demand falls. This assumption introduces an element
of irrationality on the part of both owners and charterers because the supply is
constantly changing — new ships arrive in the market all the time. A cursory look
at deliveries of new vessels shows that there are significant changes in supply from
month to month. Hence, the assumption that supply is fixed in the short run is not
appropriate. Instead, both charterers and owners form expectations of demand
and supply and this requires a dynamic analysis rather then a static one in which
the fleet is fixed. In this chapter we suggest an alternative theorising of the freight
market, which captures this dynamic analysis of freight rates. This new framework
consists of a bargaining process over freight rates in which charterers and owners
form expectations of demand and supply over an investment horizon relevant to
their decisions. In this framework, freight rates are viewed as asset prices, which
are determined by discounting future economic fundamentals.

In the traditional model the demand for and supply of shipping services are
functions of freight rates in a perfectly competitive market. But freight rates are not
prices determined in auction markets, where many owners bid for the same cargo
and the one with the lower bid wins the contract (Dutch auctions). The charac-
teristics of the freight market do not accord with those of perfect competition.
Intuitively, perfect competition is a market system where the actions of individual
buyers and sellers have a negligible impact on the market and where both are price
takers. The assumptions of perfect competition are not satisfied in the freight
market. In particular, the product is not homogeneous;' the assumption of a very
large (in theory infinite) number of buyers and sellers is not applicable, transac-
tion costs are not zero and there is no freedom of entry and exit. Although the
product is seemingly homogeneous (the capacity to transport particular catego-
ries of products or commodities), the demand for shipping services is restricted
by volume, time and route - a given cargo over a particular route that meets a
well-specified time schedule. Although there are many ships in the market only
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a few are available to satisfy the given demand specifications in time and place.
These characteristics violate the homogeneous product assumption, the condi-
tion of large (infinite) number of buyers and sellers and the hypothesis of zero
transaction costs. The latter should be interpreted as the penalties (legal or repu-
tational) that a charterer would incur for waiting for a better deal (lower freight
rates). Moreover, there are large barriers to entry both in capital and the operation
and management of the fleet.

Rather, the freight rate over a particular cargo is the outcome of a bargaining
process that happens at the same time — or approximately the same time — in different
places and where information about freight rates agreed is almost instantaneously
available to all other participants. Thus, the agreed freight rates do not balance
demand and supply in a particular place at a particular point in time, but rather
expectations of overall demand and supply in a particular segment of the market
or the entire market. Accordingly, freight rates are equilibrium rates in a bargaining
game where players form rational expectations about economic conditions.

The negotiations between an owner and a charterer over a contract for a
particular cargo can best be viewed as a zero-sum game between the two players.*
Both players know the freight rates that have been agreed so far. This information
permeates to the rates that were agreed on the same or similar routes with ships of
the same or different capacity. Players also know not just the latest rates, but their
entire history. This enables them to assess and form expectations of the dynamic
evolution of future freight rates. Thus, when the charterer and the owner enter the
negotiations they would bargain over the deviation of the expected future freight
rate from the latest or equilibrium rate. The final outcome will be influenced by
the bargaining power of each party. In this context, it is better to formulate the
problem as bargaining over the discounted present value of future freight rates. If
the bargaining power of the charterer is stronger than that of the owner, the devia-
tion of the agreed freight rate from the latest or equilibrium rate will be negative,
implying a lower rate than the latest one. If, on the other hand, the bargaining
power of the owner is stronger, the deviation of the agreed freight rate from\the
latest or equilibrium rate will be positive, implying a higher rate than the. [atest
one. In some negotiations one of the parties is a big player and has the upparhand.
The agreed freight rate would be to the advantage of the big player in-tie tontext
of the market average. But such freight rates are outliers (they belong'to the tails
of the distribution). In the median negotiation the bargaining power of the char-
terer and the owner depends on economic conditions. In ‘good’ or improving
economic conditions the owner has stronger bargaining power, whereas in ‘bad’ or
worsening economic conditions the charterer’s bargaining power prevails. Hence,
in ‘good’ or improving economic conditions, freight rates would be on an uptrend;
and vice versa. It is shown in this chapter that expectations about key shipping
variables are formed by expectations of how policymakers (mainly central banks)
would respond to current and future economic conditions.

1 A FRAMEWORK FOR MARITIME ECONOMICS

The first part of the book deals with the microfoundations of maritime economics
(or shipping markets). Shipping is organised in the form of four markets: the
freight market; the shipyard (or newbuilding) market; the scrap market and the
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secondhand market. The freight market is subdivided into the spot market and
the time charter (or period) market. These markets pertain to all ship types (dry
bulk, oil tankers, containers and specialised ships, like LNG) and all ship sizes. In
the dry sector there are four major ship sizes: Capesize, Panamax/Kamsarmax,
Handymax/Supramax and Handysize. In the oil tanker (or wet) market there are
five major ship sizes: VLCC, Suezmax, Aframax, Panamax and Handysize. In this
taxonomy there are four markets (freight, newbuilding, scrap and secondhand)
for each type of ship and for each size.

The microfoundations developed here are common to all types and ship sizes.
The microfoundations attempt to derive the general form of the underlying
demand and supply functions in all four markets based on the principles of ration-
ality, which is the basis of a scientific approach to shipping. Economic agents are
assumed to be utility or profit maximisers subject to well-defined economic and
technical constraints. This maximising behaviour gives rise not just to the func-
tional form of the underlying demand and supply functions, but also to their exact
determinants and in most cases to the qualitative influence (positive or negative)
of each determinant on the demand or supply. These restrictions are important for
drawing inferences and in empirical work on maritime economics.

This framework enables one to analyse the impact of exogenous shocks (anti-
cipated or unanticipated) on the equilibrium of the shipping system as a whole
and a single market (for example, Capes). In the first part of the book we deal
with the microfoundations of each single market (freight, newbuilding, scrap and
secondhand). In the second part of the book we integrate the shipping markets
and examine the properties of the entire system. Moreover, we analyse the inter-
relationship of shipping with the macroeconomy. The economy helps to explain
the demand for shipping services, which in traditional analysis is treated as
exogenous to shipping markets. The integration of shipping markets with macro-
economics sheds lights on how expectations in the shipping markets are formed.
In this context the assumptions of rational expectations become more palatable to
swallow. For it is one thing to assume that expectations are, on average, correct for
freight rates and ship prices (newbuilding and second hand) and another to assume
that expectations for short-term interest rates are, on average, correct. The second
assumption is more palatable to swallow, given the emphasis of major central
banks on shaping and influencing interest rate expectations through announcing
the targets of economic policy, the extent to which they would tolerate devia-
tions from conflicting targets and how long they would stick with current policies
(like low interest rates). In the macroeconomic approach to maritime economics
expectations about policy drive expectations in shipping markets.

In this framework, developments in the major regions of the world economy
shape the major forces of demand and supply in the overall shipping market
(whether dry, wet or containership). These developments in the overall market
infiltrate in time to the various sectors in a manner that takes into account the
disequilibrium of each sector from the overall market. For example, if freight
rates, the fleet size or the prices of a particular sector, say Capes, are higher than
the overall market by more than justified by economic fundamentals, then Capes
would adjust through time so that equilibrium is attained once more.

Hence, every market (dry, wet or containership) consists of five variables,
which are determined simultaneously. These are the demand for shipping services
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(the cargo being transported), the stock of the net fleet, freight rates, newbuilding
(NB) prices and secondhand (SH) prices. Each variable is shaped in one or more
markets, but all markets are interacting with each other. In the freight market, the
demand for shipping services by charterers and the supply of shipping services
by owners determine the amount of cargo transported and freight rates. In the
shipyard market, the demand for vessels by owners and the supply of vessels by
shipyards determine NB prices and the deliveries of new vessels, which are added
to the existing stock of fleet. In the secondhand market, the demand for vessels by
owners and the supply of vessels by other owners, determines the SH prices and
the volume of sales/purchases. In the scrap market, the demand for scrap metal by
scrapyards and the supply of vessels for demolition by owners determine the price
of scrap metal and the volume of ships which are demolished. The stock of the net
fleet at the end of each period, say quarter, is simply the stock of old vessels at the
end of the previous period, augmented by the deliveries in the current period, less
the vessels for demolition in this same period.

This hierarchical structure of the dry market is presented in Box 2.1 for the
dry market. A similar structure exists for the wet and containership markets.
Macroeconomic developments affect the conditions in the overall dry market,
which are then transmitted to each sector of the market. The four interacting markets
are presented in Box 2.2. Demand and supply in each market determine the equi-
librium price and quantity. With the help of these boxes it is easy to appreciate the
interactions of the various markets. A booming world economy spurs world trade
and the demand for shipping services. With a fixed stock of net fleet, but assuming
some spare fleet capacity, the cargo being transported increases and freight rates go
up. If freight rates cover the operational costs, then owners increase the supply of
shipping services to meet the higher demand by increasing the speed of the vessels.
A sustained increase in demand that cannot be met by higher speed induces owners
to buy in the secondhand market and order new ships. This increases SH prices,
lowers the fleet demolition and increases the demand for new vessels. Shipyards
respond by increasing NB prices, as in the short run they cannot meet the higher
demand for vessels; it takes time, approximately two years, to deliver a new vasgel.

Box 2.1 A macroeconomic (hierarchical) approach to shipping

Overall dry market
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Box 2.2 The structure of the dry market
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When the world economy slows down or falls into recession the demand for
shipping services falls. The cargo being transported is reduced and freight rates
slide. The demand for secondhand ships diminishes, SH prices fall and demoli-
tion picks up steam. Owners cancel orders and NB prices fall. This means that
shipping cycles are primarily caused by economic (or business cycles).

The macroeconomic approach to maritime economics differs from the tradi-
tional approach, where the freight market is isolated from the rest of the system.
So, in the traditional approach the system is not simultaneous; it is post-recursive,
namely it can be arranged in a particular order to be solved. First the freight market
is solved and then the equilibrium level of freight rates and cargo enter the other
three markets, which are then solved simultaneously. It should be borne in mind
that the Beenstock and Vergottis (1993 ) model, which is regarded as a high-water
mark in shipping systems, is entirely post-recursive. This destroys the simulta-
neity of the shipping system and gives the impression that shipping decisions
are easy to take and depend entirely on developments in the shipping market,
which are governed exclusively by exogenous developments in the demand for
shipping services. This approach has given rise to the relative isolation of mari-
time economics from other branches of economics and a tendency for treating
ship sizes as segmented markets. Instead, the macroeconomic approach gives
priority to the overall market and postulates a hierarchical approach to shipping.
Thus, the market of each ship size co-moves (or, in the jargon of econometrics,
is co-integrated) with the overall market. Therefore, shocks to the overall market
are transmitted to each ship market. In time, each ship-size market moves to equi-
librium with the overall market.

Part I of the book consists of two chapters. Chapter 2 analyses the theoret-
ical foundations of the freight market, which is split into two markets: the spot
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market and the time charter market. In this chapter we offer a new framework for
analysing spot freight rates. This framework has some implications for the nature
of the risk premium in the time charter market.

Chapter 3 examines the theoretical foundations of the shipyard, scrap and
secondhand markets. It starts with a single owner’s decision problem of the
optimal fleet and explains how the demand for newbuilding vessels is derived at
the individual and aggregate level. It then goes on to consider the shipyard market
and examines the influence of supply in determining the price of new vessels and
vessel deliveries. It then analyses the secondhand market and shows how the
demand and supply functions are obtained. Finally, it considers the scrap market
and explains how the net fleet is determined.

2 THE TRADITIONAL MODEL

The traditional model of freight rates goes back to Tinbergen (1931, 1934),
Koopmans (1939), Hawdon (1978), Strandenes (1984, 1986) and Beenstock
and Vergottis (1993). The demand for and supply of shipping services are func-
tions of freight rates in a perfectly competitive market. The cargo is measured
in tonne-miles in recognition of the fact that both the volume of the cargo to be
transported and the distance covered matter. The demand for shipping services
is assumed to be a negative function of freight rates, while the supply of ship-
ping services is a positive function. The demand for shipping services is assumed
to be very inelastic with respect to freight rates, as charterers have a lot to lose
if the entire cargo that is earmarked for transport is not shipped and does not
arrive on time at the destination port. The supply of shipping services, on the
other hand, is supposed to be a non-linear function of freight rates. At low freight
rates the supply of shipping services is very elastic, as there is a glut of vessels.
A small increase in freight rates attracts many shipowners willing to take the
existing cargo. Alternatively, an increase in the demand for shipping services is
met largely by an increase in the volume to be transported at unchanged or slight1y
higher freight rates. But as the demand for shipping services keeps on increasing
a smaller proportion of extra volume is transported, while freight rates incréase
at a bigger proportion. As the demand for cargo rises to the point whete #il'ships
are fully utilised, it becomes impossible to meet the extra demand. Charterers are
bidding for higher freight rates to see that their cargo is transported. In the limit
the same cargo is transported in aggregate but at much higher freight rates.

The non-linear supply function is thus the result of a fixed supply in the short
run, as it takes approximately two years for shipyards to respond to a higher
demand for vessels by the owners. At some low level of freight rates the supply
curve becomes perfectly elastic, as below that level some owners do not cover
the average variable cost and go bust. But as long as they cover the average vari-
able cost, it is worthwhile remaining in business in the short run. In the long run,
though, owners must cover the average total cost, which includes fixed costs and
the cost of debt service, in order to remain in business. As bankruptcies rise, the
total fleet in the market diminishes and the minimum freight rate goes up.

In a perfectly competitive freight market the volume to be transported and
the freight rates are those that equilibrate the demand for and supply of shipping
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services. In this framework, the equilibrium condition that demand must equal
supply provides an equation for determining freight rates, while either the demand
for shipping services or the supply of shipping services is used to determine the
equilibrium cargo transported. In empirical work, the demand and supply are
transformed into functions of capacity utilisation measured in millions of dead
weight (dwt). In this framework, the equilibrium freight rate is a positive non-
linear function of the fleet capacity utilisation and a negative linear function of
bunker costs, while the demand for shipping services is used to determine the
equilibrium cargo being transported.

The mechanics of this theory are illustrated in Figure 2.1. The supply of ship-
ping services, labelled S, is plotted as a curve, which is relatively flat at low levels of
demand and becomes very steep at high levels. The demand for shipping services,
labelled D, is negatively sloped but very steep, implying that it is highly inelastic.
At low levels of fleet utilisation equilibrium is attained at A, whereas at high levels
of utilisation at C. Because of the curvature of the supply curve, an increase in
demand, reflected as a parallel shift from D1 to D2, results in a new equilibrium at
B (low level of fleet utilisation) or at D (high level of fleet utilisation). The increase
in freight rates from A to B is small compared to that from C to D. Similarly, the
equilibrium cargo transported is larger from A to B compared with that from C to D.
In the limiting case of perfectly inelastic supply (a vertical segment), no extra
cargo is transported; the entire increase in demand is met with higher freight rates.

The supply of shipping services is also a negative function of bunker costs. As
the price of oil rises, owners are willing to reduce the supply of shipping services
at the same freight rate. Higher bunker costs shift the supply curve to the left, as to
transport any given cargo owners would demand higher freight rates to cover the
dearer bunker costs. As a result, the equilibrium cargo is lower and the equilibrium
freight rate is higher. This is illustrated in Figure 2.2. The supply curve shifts to
the left from S, to S, in response to higher bunker costs. Initial equilibrium is at
A and final equilibrium is at B, which implies higher freight rates and slightly
smaller cargo, because the demand curve is very inelastic.

FR

Tonne-miles

Figure 2.1 Demand and supply of shipping services
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A THE EFFICIENCY OF SHIPPING
&l |\ ARKETS

EXECUTIVE SUMMARY

In this chapter we explore the issue of whether freight rates and ship prices
(newbuilding and secondhand) are ‘efficient’ This is an issue to which academic
economists in the field of maritime economics, following similar lines of research
in the field of finance, have devoted a great deal of time and effort. The issue is
interesting from not only a theoretical point of view, but also a practical one. For
the practitioner owner a key question is whether to employ the vessels in the time
charter (period market) or the spot market. If freight markets are efficient, the
decision that is taken will make no difference to profitability. If markets are inef-
ficient, profit opportunities arise. The question is under what circumstances and
when to switch from one market to the other to maximise profits. Similarly, if ship
9 prices are inefficient, an owner can devise strategies to maximise profits. When
( ship prices are lower than their fundamental value, defined under the hypothesis
of market efficiency, excess profits can be made by buying and operating these
ships. When ship prices are higher than their fundamental value, it might be
profitable to charter vessels rather than buying them.

These micro issues also have macro implications. Market inefficiency gives rise
to misallocation of resources. For example, if expectations of rising freight rates do
not reflect economic fundamentals, buying a ship on such expectations will lead
to a misallocation of resources.

With the term ‘market efficiency’ economists are asking whether the differ-
ence in profit between two alternative strategies (the so-called excess profit or
excess return) is zero. If the excess profit is zero, the underlying market where
the strategies are developed, is said to be efficient. If the excess profit is non-zero
(positive or negative), the market is inefficient. This sounds very simple, but the
Efficient Market Hypothesis (EMH) is posed ex ante (the profit opportunity at
the time the decision had to be made) and not ex post (with hindsight). A simple
example, analysed in the main text, highlights the difference. Consider the recent
event of the Greek bailout by the troika in May 2010. The event marked the
reversal of economic policy in the major economies from restoring growth and
eliminating unemployment to the pre-crisis levels, to reining in public finances. It
is the major cause of the distressed shipping markets from the spring of 2010 to
the first half of 2013, as demand fell behind supply, predetermined from projec-
tions of rosy demand conditions before the crisis and in the aftermath following
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In describing these tests the aim is not simply to show whether shipping markets
are efficient or not, but how some of these elaborate models can help to improve
decision making in shipping.
This chapter begins by explaining the Efficient Market Hypothesis and rational
expectations, which is an indispensible constituent component of market effi-
ciency. Then the chapter explains the two models that support the Efficient Market
Hypothesis, namely the random walk model and the martingale model. Two tests
of the validity of the Efficient Market Hypothesis emerge naturally out of this
literature: tests of unpredictability of excess profitability (or excess returns) and
tests of informational efficiency or orthogonality of past information with future
prices. In an efficient market, where economic agents are rational, actual prices
should reflect the fundamental value of the asset. In freight markets this amounts
to the time charter rate being equal to a weighted average of rolling spot rates for
the duration of the time charter contract. For ship prices, the fundamental value
is the present value of expected future profitability. In an efficient market excess
returns over those implied by the fundamental value should be independent (or
uncorrelated) of historical information available at time f or earlier, which implies
the unpredictability of excess returns and the orthogonality of past information
with future prices.
A second set of battery tests can be devised by comparing the actual price
of the asset with that implied by its fundamental value. Regression tests can be
conducted to test whether the two prices (actual and fundamental) are equal. If
they are, this is evidence of market efficiency. If they are not, it does not necessarily
follow that markets are inefficient. The reason is that expected profits require the
specification of expectations-generating mechanisms. Two broad categories can
be distinguished: forward-looking and backward-looking expectations. Rational
expectations fall squarely in the first category, but backward-looking ones are not
inconsistent with the Efficient Market Hypothesis, as the information set available
at time ¢ includes all past values of all relevant variables. From this angle, a test
of market efficiency is a test of the joint hypothesis of market efficiency and the
specific expectations scheme. Thus, if the joint hypothesis is rejected by the data,
it is not clear which part of the joint hypothesis is responsible for it: is the market
inefficient or the assumed expectations scheme is wrong?

The development of the VAR methodology (see the main text and the
Statistical Appendix) has helped to shed light on this issue because this method-
ology ensures that all past information is used efficiently in forming expectations.
From this point of view, a third battery of tests emerges. The validity of the
Efficient Market Hypothesis implies some (non-linear) restrictions on the VAR.
This means that a test of market efficiency is to compare the statistical fit of
the restricted with the unrestricted model. Market efficiency requires that the
two models should give the same fit. If the unrestricted model performs better
than the restricted one, then the test indicates the rejection of market efficiency
because an unjustified imposition of restrictions reduces the explanatory power
of the model. Such a test may be computationally cumbersome to perform
because it requires the estimation of two models: the restricted and the unre-
stricted one. An alternative test is to work with the unrestricted model and test

whether the restrictions are met.
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What are the implications of the restrictions on the coefficients of the VAR
for the freight market? First, there are no excess profits to be made by owners in
choosing a time charter contract over a series of rolling spot contracts that span
the duration of the time charter contract. The difference is zero and hence either
scheme gives the same profit. Second, no other information is needed to fore-
cast the spread between the time charter and the spot rates. In other words, the
forecast error in predicting future changes in spot rates is independent of informa-
tion available at time t or earlier. Therefore, the orthogonality principle of market
efficiency is valid. Third, the validity of the non-linear restrictions is a test of the
joint hypothesis of the expectations theory of the term structure of freight rates
and the VAR system of generating expectations. Therefore, the interpretation of
the non-linear restrictions taken all together is that freight markets are efficient.

The VAR methodology gives rise to a third battery set of testing for market effi-
ciency. This method is based on volatility tests in the form of variance inequality
or variance bounds tests. The basic idea of volatility tests is that spot freight rates
are too volatile to reflect changes in economic fundamentals, namely that the
time charter rate is equal to a weighted average of expected changes in spot rates.
Therefore, evidence of excess volatility is not consistent with economic funda-
mentals, thereby rejecting the Efficient Market Hypothesis.

The variance inequality test of market efficiency is an alternative to the regres-
sion tests explained earlier. Both are derived on the principle of informational
efficiency or orthogonality of rational expectations. This means that the regres-
sion test and the variance inequality test (in theory, though not in practice) are
equivalent and follow from each other.

On balance, these tests do not support the hypothesis of market efficiency
for freight rates and ship prices. But, as has been mentioned, this does not mean
that that these markets are not efficient in the long run. In the context of our
earlier example a key question is: how long does it take for these profit oppor-
tunities to be eliminated? Would owners that locked in after the first six months
following the Greek crisis have failed to capitalise on relatively robust time chatter
rates? In other words, how long does it take for disequilibrium to be corfested

before the new long-run equilibrium (no profit opportunity) is attaine? These
questions can be tackled using the framework of cointegration. In the Statistical
Appendix to this chapter some effort is made to explain this framework intuitively
and mathematically. Broadly speaking, two variables are cointegrated if they are
driven together not because of a common trend but because they are moving in
such a way as to restore a new long-run equilibrium. In the freight markets this
means that the time charter and spot rates are moving in such a way that their
spread is eliminated in the long run. This would be true if the spread between
the time charter and the spot rates is equal, in the long run, to a weighted average
of expected changes in spot rates over the lifetime of the time charter contract.
Therefore, the efficiency of freight rates is viewed as the long-term condition of
zero excess profitability of staying in the time charter market over a strategy of
opting for rolling spot contracts for the duration of the time charter contract. The
existence of these long-term relations (cointegrating vectors) is only a necessary
condition for market efficiency. The validity of the restrictions on the coefficients
of the cointegrating would provide a sufficient condition for long-term market
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The forecast error (or innovation) is uncorrelated with all information available

at time t. This is stated mathematically as

E(8;+l1r) =0 (42)

and is known as the informational efficiency or orthogonality property of condi-

tional expectations. The justification of this property is simply that if they were
correlated then that information could be used to improve the forecast. Since the
information set I, contains also realisations of the error term & (that is, past forecast
errors, also called innovations), then it is obvious that the orthogonality property
implies also that the error term is not serially correlated. If the error term is seri-
ally correlated, then past innovations can be used to improve the forecast of the
asset price. This can easily be seen if it is assumed that the error term follows a

first-order autoregressive scheme

£f+l = jJEI + Uiy (43)

where u is a white noise process. Rewrite equation (4. 1) as

P = E(Py) + & (4.4)
Lagging this equation and multiplying by p and then subtracting it from the orig-
inal equation using also (4.3) gives:

Pf-H = p‘pf +[Er(PrH)‘E,7](Pt)]+u,H (45)

The first term on the right-hand side shows that prices are forecastable.
Tomorrow’s price depends on the price today. The other terms contain no infor-
mation which can be used to improve the price forecast. Hence, the orthogonality

property rules out serial correlation in the residuals.
Consider now using equation (4.4) to make a forecast into the distant future,

say two periods ahead. This is written mathematically as

Er[ErH(PIH)J = E, (Pr-n-z) (4.6)

In deriving this result the rule of iterated expectations has been used which

states that

E.E.E;p.. =E (4.7)

The meaning of the rule of iterated expectations is that with the information avail-
able today the investor does not know how the forecast will be revised next period
when more information becomes available. Hence, the forecast two periods ahead
is based only on the information available today.

It is obvious that investors are rational when they treat their forecast as the math-
ematical expectation and they apply the principles of mathematical expectations.
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Fama (1991) introduced a slightly different taxonomy of efficiency with the
hindsight of twenty years of research conducted between his first and second
review articles on market efficiency. Instead of weak-form tests he proposed tests
for return predictability. These include not only the history of prices or returns
but also other variables like dividend yields, price—earning ratios and interest
rates. These tests include not only time series tests but also cross-sectional
predictability of returns, that is, tests of asset-pricing models and the anomalies
(like the size effect) as well as seasonal patterns (like the January effect). In this
category are also included tests of excess volatility. Instead of semi-strong effi-
ciency he proposed event studies and instead of strong efficiency tests for private
information.

The second element that needs to be specified for an empirical test of the
EMH is a model of ‘normal’ returns. For a long time the standard assumption
was that the normal return is constant over time. However, in recent years
the emphasis has been on equilibrium mo dels with time-varying expected
returns. Finally, abnormal or excess returns must be defined. These are easily
defined as the difference between the actual return ona security and its normal
return.

From the above framework it can easily be seen that the issue of whether a
market is efficient in an absolute sense is impossible to settle. Laboratory condi-
tions for testing whether a hypothetical trading rule can lead to excess profits are
difficult to set. If a trading rule fails to generate excess returns this does not mean
that there is no trading rule which can generate excess return. Even worse, assume
that someone discovers such a rule and makes excess profits. Would she still be
able to make excess returns with the same rule after a while? The information set
would soon include this rule and as more people are using it any excess profits
will be eliminated. Thus a better test may involve the predictability of asset prices.

But even this route is not promising. Assume that prices are forecastable, but the
explained variance is small (less than 10 per cent), as is indeed the case with short
horizon returns. The question immediately arises as to whether this is significant
and that in turn depends on whether profits can be made. Hence, we are back to
square one!

But the worst problem in any form of test of market efficiency is the joint
hypothesis problem. Any test of market efficiency is conditional on the equilibrium
model of normal returns. If efficiency is rejected, this could be due to the market
being truly inefficient or to the incorrect model being used. This joint hypothesis
problem means that the market efficiency as such can never be rejected. However,
this may not be important, if one accepts that absolute efficiency is an ideal world
and that the advantage of the EMH lies in specifying a benchmark against which
relative efficiency can be assessed. We now turn to models, which can explain the
time series properties of asset prices from the point of view of the EMH. Two such
models are explored, the martingale and random walk models. We then examine
the issue of whether the EMH implies models that reflect economic fundamen-
tals. We show that the EMH is compatible with models that reflect economic
fundamentals. Thenwe proceed to analyse models that contradict the EMH based

on some form of irrationality, like fads. Finally, we examine the empirical evidence

of which side may be right.




1F1:) KARAKITSOS AND VARNAVIDES

the methodology developed by Campbell and Shiller (1988) in financial markets,
Campbell and Shiller apply equation (4.63) to a stock price, where dividends
appear instead of profits and where there is no resale value in period n so that
the present value is computed for an infinite horizon. The authors compute 3
linearized version of (4.63)) around the geometric mean of P, and I, denoted by
P and, IT respectively, using a first order Taylor series expansion: !

n—l n—1
- i I 7
P = ZP (1 _p)E*n‘““"f _210 Efii tp E ps,., +c (4.64)
i=0 i=0

where lower-case letters denote natural logarithms; E, ps,,, = In(E, PS,.,) and
similarly for IT; E, r,, | = In(1 +ER,,1)ip=P/(P+ IT); and ¢ is a constant.

Note that (4.64) consists of three terms: the present value of expected profits;
the present value of the expected interest rates; and the present value of the capital
gains. Each present value though is computed with a constant discount rate, p,
rather than time-varying discount rates. Therefore, the linearisation of (4.63) into
(4.64) enables the separation of the impact of expected profits (and capital gains)
from the time varying interest rates. This is very useful in evaluating the impor-
tance of risk premia as an independent factor of the theoretical price.

In analogy with the spread in the term structure Campbell and Shiller suggest
subtracting 7 from both sides of (4.64). This transformation i necessary to make
the underlying series stationary. As freight rates are non-stationary,'* but can
rendered stationary by taking their first difference, similarly vessel prices (new and
secondhand) and profits are non-stationary, but can become stationary by taking
their first difference. By taking the difference between two such non-stationary

variables, the resulting variable is stationary.'® The transformation enables (4.64)
to be written as:

n—1

* i n
S; = 2P Bty +p Eeps,,, +d (4
i=0

N
[
193]

p

where ) = Pt — Ty, €my = AR, =1, eps= ps, — 7, In (5.54) all variables are
stationary enabling valid statistical inferences.

Thus the theoretical spread of the (log) price from the (log) profit is equal to
the present value of the spread of profits from the interest rate and the present
value of the spread of the capital gains.

6.2 TESTS OF MARKET EFFICIENCY

Once the expectations of the variables are substituted out, the theoretical spread
can be compared with the actual spread. If vessel prices are efficient, the theo-
retical spread should be equal with the actual spread. A test like (4.63) can be
conducted to examine the EMH of vessel prices.

Similarly with the term structure of freight rates, three different expectations
schemes can be considered: rational expectations, autoregressive and VAR,
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The VAR approach opens up a battery of tests similar in nature to the eff?ciency of
freight markets. The VAR model should explain the three state variables in (4.65):

S, =k, +a(L)S, +f(L)er, +c(L)eps, + &y, (4.66a)
en, =k, +d(L)S, +e(L)en, + f(L)eps, + &, (4.66b)
eps, = ky + g(L)S, + h(L)em, +m(L)eps; + &, (4.66¢)

where each coefficient is a polynomial in the lag operator of order p. For example:
a(L) = a,L+a, L +---+ a,L".

The VAR system can be expressed in the matrix notation of (4. 19? and forecasts
can be computed in the form of (4.30). These can be eliltere_d into (4.6'5) to.
compute the theoretical spread. If the EMH of vessel prices is valid, the non-hne-m
restrictions (4.32) must hold. Thus, one test of the EMH is to compare _the statis-
tical fit of the constrained with the unconstrained VAR through log—h.kellhood
statistic, as in equations (4.37)-(4.39). The second approach is to estimate the
unrestricted VAR and test whether the restrictions (4.32) hold. The null hypoth-
esis of efficient prices is that the restrictions are valid, which can bel tested through
a Wald statistic. As an alternative to a Wald-test block exogeneity tests can be
conducted. Finally, the null hypothesis of efficient pricing can be tested through
a variance ratio test of the form of (4.44).

6.3 WEAK FORM OF MARKET EFFICIENCY — COINTEGRATING
TESTS

Efficient ship pricing may not hold in every period of time, but it may ble true in
the long run. In other words, there may be a weak forrn of .m_ark{.et efficiency. As
in the freight markets, a test of the weak form of efficient pricing is through coin-
tegration tests. A possible cointegrating relation is between prices (ne.wbuﬂdlr?g,
secondhand and scrap) and profits.'* The theory imposes no numence?l-restr'lc-
tions on the coefficients of the cointegrating relation, other than a plols;twe sign
on the coefficient of profits. In other words, an increase in profitability should
increase vessel prices. The cointegration test within a VAR framework takes

the form:

r P
Ap, = Za‘.Apt_,. + Eﬁfﬂm',,f +9[p + o+ O] (4.672)

i=1 i=1

P P
Am, = ECprtﬁi *+ EdiAnt—i +yulp +d+ 7] (4.67b)

i=1 i=1

The VAR is specified with respect to the two possible variables that might forrln a
cointegrating relation, namely the vessel price p, and profit 7z,. There is an equation
for each one of the state variables. The order of the VAR is p; there are p-lags in each
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ocf t_he state variables. The order of the VAR is chosen with the Akaike Informati
riterion or the Schwarz Information Criterion (see the Statistical Appendi:)n

The existence of a cointegrati ion i
grating relation is tested through t} S
(see the Statistical Appendix). G

6.4 TIME-VARYING RISK PREMIA

3i:ecrordti-ng to the EMH thﬁi profits from shipping should not exceed those from
native investments. Efficient ship pricing implies th he ship pri

the profits from operation and the capji 5 e e e

_ pital gains, which is the essence of
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: in (4. ed. An alternative way to postulatin

(tj:on expectations mechanisms is to consider one-period holdl?ng yieldngStn :;:c-

enote the one-period holding shipping yield, which is defined by: - r

Hm,,) = In(B,, + IT,) - InP, (4.68)

Recallthatr,,  =In(1 + R, ) denotes the return on money. Efficient ship pricing

implies that the one-period holding shipping vi
bt i § shipping yield should be equal to the return

Hr,,, = 1 (4'69)
é:)l I::l:}e;naflve way of expressing efficient ship pricing is that the excess return
pping over the return on money should be zero. Hence a test of efficient
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prions : S return is independent of the information

b : . :
\ g accountms for risk premia the excess return is zero. But as has been argaed'in
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, 0%

[

XR, = a, + zﬁ.‘XR:-f T ¢Ur2 +7, (4.70)

i=1

N
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In the mean function the second term involving the sum represents the AR(m)
process; the coefficient ¢ measures the importance of risk, which according to
CAPM should be positive; and # are the residuals, which should be a white noise

process.
The forecast errors upon which risk is measured are obtained from an

ARMA (p, q) process:

P q
XR, =cy+ ) bXR,_ + Y de,_ +¢, & =1ID(0,07) (4.71)

i=1 i=1

The first sum captures the AR(p) process and the second sum the MA(g) process.
The ARMA specification is necessary if there is autocorrelation in the residuals.

The conditional variance of the forecast errors, which measure the time varying
risk, can be modelled, for simplicity, as a GARCH process of order (1, 1):

2 2 2
ok, = fi+ el + £, (4.72)

6.5 THE EMPIRICAL EVIDENCE

Early empirical work (for example, Beenstock, 1985) simply used the EMH to

model vessel prices. Strandenes (1984, 1986) investigates the price formation in

the dry bulk and tanker markets using the present value model. The empirical

evidence shows that long term profitability is more important than current profits

in explaining ship prices, which she interprets as support for the semi-rational

expectations. Vergottis (1988) is one of the authors to test the efficiency of ship

pricing by using the principles of rational expectations of unbiasedness and infor-

mational efficiency or orthogonality. Hale and Vanags (1992) test for market
efficiency through the use of block exogeneity tests (Granger causality). But the
procedure, as noted above, only tests for the weak form of market efficiency. These
authors examine also the existence of cointegration relations between various
vessel prices using the Engle—Granger two-stage procedure, but with mixed
results. Glen (1997) employs the more powerful Johansen approach to test for
cointegration in a multivariate setting. Veenstra (1999b) examines the existence of
cointegration between secondhand prices, a time charter rate, newbuilding prices
and scrap prices.

Kavussanos and Alizadeh (2002b) provide a thorough and exhaustive examina-
tion of efficient pricing using the elaborate testing procedures outlined above. Their
empirical findings reject the EMH for newbuilding and secondhand prices. The
authors attribute this inefficiency to time varying risk premia, showing that there
is a positive relationship between risk and return in shipping in line with CAPM.

A common theme in all the abovementioned studies is that there is no theo-
retical basis for the cointegrating vector. Rather, the cointegrating vector is
an empirical result based on intuition. For example, in the exemplary study of
Kavussanos and Alizadeh (2002b) the cointegrating vector is based on the notion
that prices are cointegrated with profits, where the profit is modelled as the spread
between a time charter equivalent rate and operating costs. The latter are modelled
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STATISTICAL APPENDIX
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ST
ATIONARY AND NON-STATIONARY UNIVARIATE TIME SERIES

All shipping variables, such as freight rates,

series, as they assume a value for each period
or a year.

can be thought of as statistical time
, be that a day, week, month, quarter

ption to this rule is the
where the cointegrating
y framework in the secondhand
empirically includes secondhang
Libor and the orderbook to fleet
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A very common statistical model of shipping and economic time series is the
univariate (single variable) autoregressive model of order 1, denoted by AR(1). Thus

9, '_—ﬂ+ﬁ-yt—l+£' V_}’\(l (Al)

The concept of autoregression means that the variable y depends on past values
of itself through an explicit linear function, such as (A.1). The function is linear
because the terms are added and @ and f§ are constant coefficients. The order of
the autoregression is characterised by the maximum lag of y. Thus, an AR(2)

process is written as
yo=a+f -yt By yia tE ‘[)’I‘a’.l fori=1,2. (A2)

The variable y depends linearly, through the constant coefficients a, ff; and f,,
on two lagged values of itself. In statistical and econometric analysis the aim is to
identify the exact functional form (A.1), (A.2) or another more complicated but
unknown form) and the precise value of their coefficients.

In each autoregressive scheme a disturbance (error or residual) term, &, is
added. This means that the exact value of y in every period t is determined by a
deterministic component captured by a + -y, , in (A.1) and a stochastic (or
random) component, & The disturbance term assumes random values in each
period and therefore y differs in each period because of the stochastic nature of
the disturbance term. The values of £ depend on events such as strikes, weather
conditions, political events or the influence of other important variables which
were unintentionally omitted from the specification of (A.1) or (A.2). Because of
the stochastic nature of &, the variable y is also stochastic following an autoregres-
sive stochastic process.

The Identification of the ‘true’ (or population) values of the coefficients
through statistical or econometric analysis depends on the properties of the distur-
bance term. From a sample of data on y the estimates of the coefficients (aand f)
would approach the ‘true’ (population) values as the sample size tends to infinity
if the disturbance term is purely random. In statistical analysis the properties of
the estimates of the coefficients that must be satisfied so that they approximate
the ‘true’ values are best-linear-unbiased estimators (BLUE). The ‘best’ property
means that the estimator has a minimum variance, while the unbiasedness prop-
erty means that the sample mean of the estimator is equal to the population value.
If the random variable ¢ satisfies some properties then the estimate of the coef-
ficients are BLUE. These properties of the & can be summarised as follows.

Ee, =0 forallt (A.3a)
var({—:r) = E(a?) =g? forallt (A.3b)
cov(e,,e, ;) =0 forallj=0andallt (A.3¢)

Although in the real world we observe just one value of & in each period, the
stochastic nature of & implies that there is an infinite number of observations that
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In deriving (A.6) we have made use of (i) the var(y,) = var(y,_,) and (ii) the
covariance of (y,_; — ) and &is zero and (iii) the (absolute) value of ff < 1.1

We can now define a stationary time series y, given by any stochastic process
such as (A.1) or (A.2), as a series whose mean, variance and auto-covariance
converge to a finite value.'® The convergence means that for a series y the mean,
the variance and the auto-covariance (the latter for a given lag length) are inde-
pendent of time and are finite (that is, they do not tend to infinity). For a given
lag length j, the auto-covariance of y; and y;_; is constant. The auto-covariance
changes with the lag j. A series y is a stationary if the absolute value of all f < 1.

More formally a series is ‘covariance’ stationary if:

By, =, var(y,) =03, cov(y,y) =7, (A8)

In plain English a stationary variable is one that is trendless. It is not upward
sloping, nor downward sloping against time. The process is mean reverting.
A shock causes a deviation from the mean (or the equilibrium value) for a while,
but the deviation peters out in the long run. In a graph the series frequently crosses
the mean. The variability of the series around the mean is, on average, constant.
As the condition for stationarity is that all f§ < 1 (in absolute value), it follows
that a series is non-stationary if at least one f is equal to or greater than 1. There
are two widely used non-stationary models: a random walk with drift and a random
walk without drift. Considering (A.1) and setting ff = 1, we obtain a random walk

with drift.

Ayy =Yy — Y =6+ E (A.9)
The coefficient a is the drift. The interpretation of (A.9) is appealing if y is the
natural logarithm of Y and therefore Ay is the rate of growth of Y. According to
(A.9) the rate of growth is equal to a constant plus a white noise process. Therefore
Y is non-stationary as its mean is increasing through time. A time varying mean is
meaningless as a measure of central location of the distribution of Y.

The statistical properties of non-stationary variables are different from those
that are stationary. To illustrate some of these differences it is convenient to define
the lag operator L. For any variable y, Ly; = y; 1 L*y; = y;_; and in general Ery;=
9,_ i Using the lag operator, a random walk without drift (thatis, @ =0 in (A.9))
can be written as

»= (l—L)—lﬁf =gy tEy T (A.10)

The (unconditional) mean and (unconditional) variance of (A.10) are:

n—1

Eyr:O, var(yt):E 2E}+1+26!ﬁs :Flﬂ'z (All)
i=0

f#s

Therefore, the mean of a random walk without drift is zero, but the variance tends
to infinity as n increases (that is, it is not independent of time). The difference
between a random walk with and without drift is that with drift the mean is time
varying, whereas without drift the variance is time varying.
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Unlike the unconditional mean, the conditional mean uses the information in

the time series to predict future values of Y. For a random walk with and without
drift the forecast of y ‘m’ periods ahead is

With drift:  E,y,,, =y +a-m Without drift: EYiewm =y (A12)
Another important difference between stationary and non-stationary variables is
that the former may give rise to a deterministic trend, while the latter to a stochastic
trend. To illustrate this difference consider again the random walk model with

drift, equation (A.9), and assume that the initial value of y is y,. Then (A.9)

can
be rewritten as:

t
Vi :y0+a't+zgi (A.13)

i=1

It can be seen from (A.13) that y: does not return to the deterministic trend,
defined by (y, + at), because of the accumulation of past random error terms. The

variable y follows a ‘stochastic-trend’ because ywill drift up or down depending on

the sign of a. Note that the first difference of ¥t (Ay,) is stationary. For this reason
Vis referred to as difference-stationary’

In contrast consider the following model:

x =0 +a-t+eg, (A.14)

The variable x moves around a deterministic trend (6 + a t) by the disturbance
term ¢, which, by assumption, is stationary. Accordingly, x is said to be ‘trend-
stationary’ because although it follows a trend the deviations from the trend are
stationary. A comparison of (A.13) and (A.14) shows that both variables follow
a linear trend, but the disturbance term in (A.13) is non-stationary, whereas the
disturbance term in (A.14) is stationary. The variable y follows a stochastic trend
and is difference-stationary, while the variable x follows a deterministic trénd
and is trend-stationary. The difference between difference-stationary and trend-
stationary variables complicates the testing of unit roots, as we shall see later,

The different statistical properties between stationary and non-stationary vari-
ables have huge implications for statistical estimation and statistical inference.
Estimation of non-stationary variables may give rise to ‘spurious regression
results. This means that the estimated regression gives the impression of good
fit" (high R? and adjusted R?) and statistically significant coefficients (high
t-statistics), when there is no ‘true’ relationship between the variables. This would
be the case if the variables for which a model i built are related through a common
trend or a third variable that is omitted from the mode
lems with statistical inference,
(such as t-statistics - and F-st

1. There are also huge prob-
as the hypothesis underlying testing procedures
atistics) assume that the variables are stationary.

STATIONARITY (UNIT ROOT) TESTS

Luckily, these problems can be resolved because any non-

stationary variable can
be transformed into a stationary one by differencing it a

number of times. If a

THE EFFICIENCY OF SHIPPING MARKETS [y

:able y becomes stationary when it is differenced once (ie. Ayl is. st:1tt1§nzz),
:}?:n it isysaid that it is integrated of order 1, denotedkb)'r I(l).. If A%y 1}5: a 1:: -mtzi
then y is integrated of order two, [ (2).In general, if A%y is stationary then y IS
grated of order k, I(k).

G (1966) shows that most economic variables follow a stochastic process
ranger

of the form
A.15
Ay, =a+e, + A6, (A.15)

If y is again the natural logarithm of a variable Y, then (A.15) %EEI::; t{li;;‘; lzlgsw;rﬁ
at the constant rate a plus a moving averagc.e error term. - fe ")
economic and shipping variables need t? I;t; differenced once or
Staioﬁiyrl’;a:l?r’;:’;: %Leﬁaertzg’fi?go\fvh(ether a variable is stationary or non;
st::ticj'ie«rjiJ thi)ch is frequently refe_rred to in the 1i;;3rat)u:;;| :fr ;};e ;t}fleu;zr;zzoci—.
shipping markets, is the autocarrelat:‘on ﬁmc.ﬁoln‘ am’ft Z correlogram.

relation between y, and y,_;, denoted by p(j), is defined as

COV(J’nyr—,i) (A.lé)

0(j) =
PG =—— o)
When j = 0, p(0) = 1. For a stationary variable p(j) tends to zero as j mcre;lls:;s;
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tcljzsider again the AR(1) process described by equation (A.1) and repeate

for convenience
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We have established that if 5 < 1 (in absolute terms), yis stationary, 1(0), provide

- is stationary, I(0), as well. . N
tha';illfei Sr:ii::ri wz_lk(mf;de] with drift is obtained by setting f =1 in (A.1). Thus

&
Ay, =a+e, (A.17)
The right hand side of (A.17) is stationary, provided the error term is stationary.

Hence, for f = 1, Ay, is stationary and therefore y,is I(1). This re;s;nilr;g suggests
e . ' g c 4
the foliowing test of stationarity. Subtract y,_; from both sides o (

Ay, —atd yate $=B-1 (A.18)




