AN ECONOMETRIC MODEL
OF THE WORLD TANKER MARKET

By Michael Beenstock* and Andreas Vergottist

1. INTRODUCTION

In one of the earliest econometric applications, Koopmans (1939) investigated
the determinants of tanker freight rates by a model of supply and demand. Since
then a number of empirical analyses of freight rates (for example, Norman and
Wergeland, 1981) have built upon these earlier efforts. However, with the possible
exceptions of Hawdon (1978) and Charemza and Gronicki (1981), the freight
and ship markets have not been investigated in an interdependent setting in
which freight market developments depend on the markets for ships, and vice
versa.

Beenstock (1985) has described a theoretical model in which freight markets
and ship markets are interdependent, and in which secondhand ships are treated
as capital assets. Beenstock and Vergottis (1989) have applied this model to the
world market for dry cargo. In this paper we attempt to apply the model empir-
ically to the world tanker market. Accordingly we estimate an aggregated econo-
metric model in which, inter alia, freight rates, lay-up, new and secondhand
prices and the size of the fleet are jointly and dynamically determined. The
model is estimated from annual data, and it assumes that shipping investors have
“rational expectations™.

Section 2 introduces the theoretical specification of the model. In section 3
we present the econometric estimates of its relationships. The properties of the
model are explored in section 4. Section 5 gives our conclusions, and an appendix
provides data sources.

2. THEORY

We begin by setting out the theoretical specification that we later estimate. We
assume that vessel owners maximise profits under conditions of perfect compet-
ition. They are price takers on freight rates (FR) as well as on unit voyage costs.
Unit voyage costs (PB) primarily consist of the price of bunkers, but they also
reflect port charges and crew costs. In the model these costs are assumed to be
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exogenous. The number of voyages is proportionate to the average speed of the
vessel (V), but voyage costs vary directly with speed. During any time period the
profit from the vessel is defined as:

m=VFR — V*PB — OC a>1

where V* reflects the hypothesised relationship between voyage costs and speed,
and OC denotes fixed costs. Maximising 7 with respect to V implies that the
optimal speed of the vessel is:

V = (FR/oPB)!/ (= 1) (1)

That is, speed varies directly with the ratio of freight rates to unit voyage costs.
At this optimal speed the profit is equal to:

7 = FRe/(e=Dgl/(1-a) (| _ oo -1)PRU(1-®) _ OC ®))

These relationships will be used in the specification of the model.

Freight markets

We begin by specifying the market for freight services. Thereafter we specify the
market for vessels. Clearly, the two markets are interdependent; this is reflected
in our specification. Our treatment of the freight market distinguishes the voyage
(or spot) market from the time charter (or forward) market. As will become
apparent, this distinction helps to isolate the role of expectations in the model as
a whole. :

Voyage market

The supply of freight services (measured in ton miles per time period) is defined
as the size of the total fleet (K*) multiplied by the average speed of its constituent
vessels. Equation (1) suggests the following hypothesis:

MS = K*(FR/aPB) /(@1 3)

The trading fleet consists of tankers not laid up or employed in storage and of
combined carriers participating in the oil trades; that is,

K*=K(1 —\) —ST+COM 4)
where
K = tanker fleet
A =  proportion of tankers laid up
ST = tankers in storage
coM = combined carriers in oil

Lay-up is hypothesised to depend on the profitability of the voyage market
relative to the cost of laying-up. This is because the net revenues that a ship
would earn on the high seas are forfeited when it is laid up. Optimal behaviour
implies that at the margin the cost in lay-up is equal to the cost of operating
the vessel on the high seas. This theory suggests that A may be hypothesised as
follows:
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= C LC )
A= F(FR, PB, OC, )
where

LC = laying up costs

and the signs of partial derivatives are indicated over the variables to which they
refer.

As in previous models of the tanker freight market, such as Nortank (Norman
and Wergeland, 1981), demand is considered to be completely inelastic with
respect to freight rates, and therefore it is assumed here to be exogenous. This
assumption reflects the lack of substitutes for transporting oil as well as the
limited scope for varying the distance over which the oil has to be transported.
Indeed, empirical tests of the hypothesis that average distance varies inversely
with real freight rates proved negative.

It may be that this result reflects our assumptions that the market for tanker
shipping is one world market. In practice, longer hauls use larger vessels than
shorter hauls, and there may be segmentation between markets for different
vessel sizes. Perhaps in a more disaggregated model it might have been possible
to estimate significant negative demand elasticities with respect to freight rates.
Or it may be that our time aggregation (a year) is too broad. This may be partic-
ularly important in the oil market, where speculative purchases are an important
component of demand, and where the timing of oil trades in the short run is not
independent of associated fluctuations in freight rates. In short, it may be that
the inelasticity of the demand for seaborne trade with respect to freight rates
reflects inappropriate aggregation both of vessel size and of time.

Since the tramp market is competitive, we hypothesise market clearing within
~each time period (a year in our case). Hence:

M=MS (6)
where

M = demand for ton-miles.

Equations (3) to (6) determine the equilibrium voyage or spot freight rate in
terms of exogenous or predetermined variables such as M, K and PB. Freight rates
move to balance supply and demand in the freight market. For example, if the
demand for freight services rises the freight rate (FR) will tend to rise, and supply
will increase in two ways. First, from equation (3) vessel speed will be increased,
so that the existing fleet on the high seas will supply more freight services.
Secondly, according to equation (5) the lay-up rate will fall, because an increase
in freight rates increases the opportunity cost of lay-up. As a result, more vessels
will operate on the high seas and will thereby supply more freight services.

A third result would be the increased deployment of combined carriers in the
tanker market to take advantage of the rise in tanker freight rates relative to
other freight rates; that is, COM would tend to increase. However, here we ignore
this effect, because COM is assumed to be exogenous. We plan to investigate this
and other linkages between the tanker and dry cargo markets in a separate paper.

An increase in bunker prices would raise PB, which by equation (3) would
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reduce the supply of freight services as vessel speeds were reduced. However,
according to equation (5) it would also reduce the supply of freight services as
more ships were laid up. The fall in supply would raise freight rates in equation
(6), but it would not reduce the quantity of freight services in the present case,
because the demand for freight is independent of the freight rate. The joint deter-
mination of freight rates and vessel prices is discussed more fully in Beenstock
(1985).

Time charter market

The unpredictability of spot rates has led to the development of time charter
contracts between shipowners and shippers. The market for time charters has
many similarities with futures markets. These markets tend to be peripheral to
the spot market and to reflect expectations regarding future spot prices. Similarly
here the time charter market is peripheral to the rest of our system and, as we
shall show, it largely reflects the market’s expectations on future profitability in
the spot market.

Shipowners may charter their vessels in the voyage market; in that case they
expose themselves to risks of future movements of freight rates and tanker costs,
etc. Or they may charter their vessels over a period of time at a fixed time charter
rate; they then avoid these risks. It is standard practice that shipowners pay unit
voyage costs (PB) on voyage charters, and shippers pay these costs on time
charters. Accordingly, the profit on time charters is defined as the time charter
rate (F) minus fixed costs (OC).

Forward market  theory and associated principles of ‘““normal backwardation”
suggest that '

E (ms1)=p+Fy — E(OCs4q) )
where

E.() = expectation formed at end of time ¢

Equation (7) states that the expected profitability during period ¢ + 1 from
voyage trades must equal the expected profitability from time charter trades
plus a risk premium, u. It should be noted that F, is known at the end of period
t. Substituting equation (2) into (7) implies that:

Fo=—u+a®791 —a™HE (FRIG — pplIQ-2)) (8)
i.e. the current one period time charter rate varies directly with expectations of
future freight rates in the voyage or spot markets and inversely with expected
unit voyage costs. It also varies inversely with the risk premium.

The market for tankers

Our presentation distinguishes between new and secondhand vessels, and con-
siders associated stock flow equilibria.

Secondhand market .
Ships, like other assets, are demanded by investors who seek to earn a return on
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their wealth. Because returns are risky, theory suggests that the proportion of
wealth that investors wish to hold in tankers depends on the difference between
the expected returns and the returns on competing investments. The return on
tankers consists of profit and capital gains. The portfolio demand function is
therefore hypothesised to be:
E(m
In(PK/W), = 7o +7, In [%?] +7,[EnP, )~ InP,] —y,R, O

t
where

wealth

profit

secondhand price index of tankers
return on alternative investments

A F

We solve equation (9) for P, and obtain:
Yo tViE/(Inmppy) + 72 E(In Pryy) — v3R, — In(K/W),
InP, = (10)
1+, +7,
which is the equilibrium price suggested by capital theory. Thus secondhand
tanker prices vary directly with expected profitability and prices, and inversely
with the return on competing investments and the size of the tanker fleet.

Scrapping )

A ship is scrapped when its scrap value (determined by the amount of metal in
the ship and the price of scrap) is equal to its secondhand price. The secondhand
value of a particular tanker is determined by the general level of secondhand
prices and the age of the vessel. When secondhand values increase, fewer ships
within a particular age group become candidates for scrapping. The opposite
happens when scrap prices go up. If secondhand values and scrap prices go up by
the same proportion the volume of scrapping should not be affected. This suggests
that scrapping is negatively influenced by the ratio of secondhand values to scrap
prices. The total scrapping rate should also be influenced by the age profile of the
fleet, since this affects secondhand values for individual vessels. In view of the
empirical evidence, we shall assume that no tanker less than 10 years old is ever
offered for scrap. The proportion of tankers over 10 years old supplied for scrap
is hypothesised to depend negatively on the ratio of tanker to scrap prices. It
should also be true that the age profile of this remaining portion of the fleet
should additionally influence the scrapping rate. We could not, however, econo-
metrically measure any such additional influence of the age profile. Therefore we
hypothesise that adjusted scrap rate is:

s = F(P/P,) | (11)
where
s = S§/K*A10
P, = price of scrap .
A10 = proportion of tankers over 10 years old
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Since we have assumed that no tanker less than 10 years old is ever scrapped,
we can calculate 410 from the past history of deliveries and fleet size, thus:

AlOt*Kt::Alot—l*Kt—l ‘St+Dt~1o 12)

This influence of the age profile on scrapping, and the dynamic evolution of the
age profile, can trigger long-run cycles in our system. An external shock that leads
to a boom in ship values and shipbuilding will typically be followed by a recession
phase because of the overshooting properties of our system, which we describe
later. This means that after some years the age profile will be skewed towards the
older age groups, which will include a large volume of tankers built during the
boom, while the younger age groups will account for a relatively small share of
ships built during the recession. This abnormal age profile will trigger a boom in
scrapping which will tend to reduce the growth rate of the fleet and lead to an
increase in vessel prices. This in turn will lead to more shipbuilding, and so on.

Ship building

We shall distinguish between new-built ships and new existing ships. At the time
of their contracting, new-built ships will typically be sold for prices which can
differ from the prices of identical existing new ships by a larger or smaller amount.
The main reason for this difference in price stems from the fact that a new ship
is immediately available to trade, while a contracted new-built ship only becomes
available after the construction period has elapsed. Because new-built ships are
for forward delivery, the market for them should resemble a forward market.
Prices arranged should reflect market expectations, at the time of contracting,
regarding the value of new ships at the time of delivery. Hence:

InP,, = E(In Ppyy) +

(13)
k=ky, +k,
where
P, = price of new-built ships
k = premium

We have assumed here that the prices of new existing ships move in line with
expected prices in the secondhand market. The parameter k reflects a number
of factors. k; > 0 is a premium that reflects the fact that the new-built ships may
embody superior technology, while k, < 0 represents a risk premium, required
to attract investors into taking forward positions in tankers.

The supply of new-built ships, as measured by the order book, is hypothesised
to depend positively on tanker prices and negatively on shipbuilding costs net
of subsidies. Because shipbuilders can also build dry cargo ships if they find it
more profitable, the supply of new tankers is likely to be negatively related to the
price of new-built dry cargo ships. Hence the supply function is hypothesised to be

+ _
Q=FPF,, P, C) (14)

where
‘Q = orders for new tankers
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P, = price of new tankers
P, = price of new dry cargo ships

C shipbuilding costs (net of subsidies)

Deliveries are hypothesised to depend on lagged orders. Shipbuilders might be
expected to accelerate or delay deliveries according to market conditions; but our
evidence suggests a stable lag distribution independent of prices, such as:

D, =Zw Qi (15)

The fleet .
The size of the fleet changes over time through shipbuilding and scrapping. Hence:
AK,=D, - S, (16)

Equation (16) closes the model and solves dynamically for the endogenous
variables (MS FR, K, K*, F, P, P,, D, S, Q and A10) in terms of the exogenous
variables (M, PB, OC, LC, P, C, P,’, W and R). We assume that expectations of
profitability and secondhand tanker prices [E,(m,+;)] and [E,(P,+,)] are gener-
ated according to the “rational expectations” hypothesis, which implies that
tanker owners and shippers form optimal predictions of these variables. In the
present context these predictions are consistent with the predictions that are
generated by the model (see, for example, Blanchard, 1979).

At this stage an overview of the model will be useful. A detailed theoretical
treatment may be found in Beenstock (1985). As already noted, equilibrium in
the freight market depends on the supply and demand for freight services, while
equilibrium in the market for tankers depends on the supply and demand for
tankers. However, these two markets are clearly related and are jointly deter-
mined. One source of interdependence reflects equation (3); the supply of freight
services depends on the size of the fleet. Another reflects equation (9), where the
portfolio demand for tankers depends on the expected operating profit stream ()
per vessel, which, according to equation (2), depends on the freight rate. Thus,
for example, an increase in demand for freight services that raised the freight rate
would raise operating profits, which, in turn, by equation (9) would raise the
portfolio demand to own tankers. This would raise secondhand tanker prices, by
equation (10); the higher prices, if expected to persist, would raise the prices of
new-built ships by equation (13). This would stimulate shipbuilding, by equation
(14), while higher secondhand prices would reduce scrapping, by equation (11).
Reduced scrapping and more shipbuilding implies a larger fleet, by equation
(16). But a larger fleet will moderate freight rates, by equation (3), which implies
a further round of adjustment.

The stock demand for tankers, as represented by equation (9), and the flow
supply, as represented by equations (11), (14) and (16), imply a stock-flow
dynamic in which temporary and permanent equilibria tend to differ. However,
the assumption of rational expectations implies that agents are aware of these
dynamic relationships when they form their expectations, and this modifies
the dynamic responses of the model to exogenous disturbances. We hope that
these relationships will become clearer after a reading of section 4, in which we
present empirical simulations of the model.
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3. ESTIMATION

In this section we report our econometric estimates. Equations (3) and (5) are
jointly estimated by three stage least squares, using the fleet size and M as instru-
ments. This is appropriate if the fleet is predetermined with respect to the freight
market. This is largely true, though, as shown later, the current lay-up has a small
effect on scrapping and therefore on the current fleet size. Equations (8) and (10)
involve expectations of future variables. Equation (8) is estimated by the “‘errors
in variables method” as proposed by Wickens (1982). This is not the most efficient
estimator, but it is computationally easier to implement and also more robust
than the “substitution method” (see Wallis, 1980).

As already shown in equation (8), the time charter rate minus the operating
cost should reflect the expectations of future profits. The price of new-built
ships, on the other hand, reflects expectations of future secondhand prices, by
equation (13). Accordingly, we use these two variables as measurements of these
expectations, and estimate (10) by OLS with E,(w ;) =F; — OC;4; and E,(P;4;)
=P,,. ,

The remaining equations of the system are also estimated by OLS. Hatted
equations refer to their corresponding theoretical specifications in section 2.
Thus, for example, equation (10) is the estimated version of equation (10).

Sources and definitions of the data are given in the appendix.

Freight market
1962—-1986

3SLS

InM, = 0.947 + InK* + 0.318 In(FR/PB), )
(34.98) (8.253)

S.E.=0.109, D.W.=1.149

In[A/(1 —N)], = 3.673 — 1.435 In(FR/TC), — 2.096 In(FR/TC), _, )
(37.48) (5.308) (8.269)

S.E.=0.503, D.W. = 1.332

Time charter rates

1962—-1985
Errors in variables
InF, = -3.699 + 1.258 E,(InFR,,,) — 0.258 E.(InPB,,,) )]

(29.23) (6.984)
S.E. =0.498, D.W. =2.429
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Secondhand market
1966—1985

OLS

InP, = —0.098 + 0.031 In(W/K), + 0.237 Eln[n/(1 + R)1,,,
(0.54) (0.32) (3.6)

+0.763 In[Pn/(1 + R)]
S.E.=0.23,D.W.=1.42

t+1

Scrapping
1951-1986

OLS

In[s/(1 — )], =—2.857 — 1.334 In(P/P,), + 0.298 In[A(1 — M),
(7.213) (5.09) (4.266)

S.E.=0.504,D.W.=1.114

Shipbuilding
1951-1986
OLS
Deliveries
InD, =-0.164 +0919InD,_, — 0.221InD, , +0.4911nQ, _,
(1.214) (4.594) ) (1.845) (5.885)
—0.2321nQ, _,
(1.649)
S.E.=0.163,D.W.=1.624
Orders
InQ, = —2.349 + 0.9511nQ,_, —0.222 InD, + 0.699 In(Pn/C),
(1.837) (4.287) (0.897) (4.005)
— 0.386 ln(Pn'/C)t_l +3.824InY, — 3.517InY,_,
(1.404) (1:488) (1.388)

S.E.=0.262, D.W. = 1.358

Prices of new-built ships
1960—1985

OLS

InP,,, = —1.0863 + InP,, — 0.377 DUM
(9.909) (2.023)

S.E.=0.45, D.W.=1.289

(10)

(a1

(15)

(1%)

(13)
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Equation (§) captures the effect of changes in freight rates and bunker prices
on optimum speed. The coefficient on FR/PB was found, as expected, to be very
significant. Equation (5) is the empirical version of equation (5). Since there are
significant costs in moving into and out of lay-up, we expected that a dynamic
specification would be more appropriate in this case. The freight rate was found
to have a significant negative effect on lay-up. The logistic specification implies
that supply can be quite elastic at high levels of lay-up, but it becomes very in-
elastic as lay-up approaches zero. Note that there is no explicit equation for the
freight rate (FR). This is implied by the 3SLS estimates of equations (3) and (5),
which have been estimated subject to equations (4) and (6). Therefore equations
(3), (4), (5)and (6) solve for the freight rate in terms of the structural model that
has been estimated.

Equation (8) corresponds to equation (8). This equation has been estimated
subject to the constraint that the coefficients of FR and PB sum to unity; hence
the absence of a ¢ value for the coefficient on PB. This implies that a given per-
centage change in FR and PB should lead to an identical proportionate change in
F. The freight rate elasticity of time charter rates was found to be very significant.

Equation (11) is the empirical estimate of the age-adjusted scrap-rate. Tanker
prices relative to scrap values have a significant negative effect on the supply of
ships for scrap, as was expected. The current level of lay-up was also included in
the regression and was found to be significant, even though its inclusion was not
suggested by the theory. This econometric result, however, may be due to the fact
that for determining the amount of scrapping the prices of older ships are more
relevant. Our index of ship values mostly reflects the prices of younger ships. At
times of high lay-up prices of old ships typically fall more than prices of younger
ships, and vice versa during the period of low lay-up. The lay-up variable in our
regression may therefore be controlling for these deviations between the more
relevant index of old ship prices and our index. A satisfactory treatment of these
issues would require a full distinction between new and old ships. This, however,
would double the dimensions of our model, and in any case it is not feasible
because data are not available.

Equation (15) is the empirical counterpart of equation (15). It implies a unit
long-run elasticity of deliveries with respect to orders, as was expected a priori.
However, the short-run response is weaker. In addition it implies that deliveries
are predetermined in the short run. Therefore deliveries cannot respond immedi-
ately to unanticipated changes in market conditions.

Equation (14) is our estimate of equation (14). It implies a long-run own-price
elasticity of supply of about 0.6 and a cross-price elasticity of about —1.4. The
historical data for the dependent variable (that is, the order book) contain trend
elements. This cannot be explained by the historical behaviour of P,,/C and P,’/C,
which were found to be stationary stochastic processes. This trend component
reflects expanding shipbuilding capacity in the post-war period. In the absence of
satisfactory data for this variable we have included world GDP as an additional
regressor in (14). This is appropriate if changes in shipbuilding capacity reflect
ship prices and world GDP.

Equation (13) is our empirical counterpart of equation (13). It has been estim-
ated in loglinear form. Our hypothesis that prices of new-built ships fully reflect
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expectations of future secondhand prices implies that the coefficient on InP,; in
(13) should be equal to unity. This hypothesis was tested by carrying out a
regression with the coefficient on InP,, unrestricted; it gave an estimate of 0.98,
which was not significantly different from one. Another implication of the
rational expectations hypothesis is that the error term in (13) should be white
noise. This hypothesis was tested by carrying out a fourth order autoregression in
the residuals from (13). The appropriate F-statistic for testing the joint hypothesis
that all the coefficients are zero was found to be less than 1.5, which is not
significant. .

Finally we estimate equation (10) by OLS. We subtract operating cost from the
time charter rate; we treat this new variable as a proxy for expected profitability,
and include this variable in the regression. Similarly we include the price of new-
built ships as a measurement of expected future prices, as suggested by (13).
Equation (10) is our empirical estimate of (10). The wealth term was not found
to be significant. This was as we expected, since, if demand for capital goods is
sensitive to relative returns, then the wealth effect should be small in the trans-
formed equation. Given the likely size of the true coefficient, the limited number
of observations and the problems of multicollinearity, this produces an insignif-
icant r-statistic. The coefficients on expected profitability and prices were found
to be significant. The equation has been estimated subject to the constraint that
the sum of these two coefficients is unity, in order to make the long-run elasticity
of prices with respect to profit equal to unity. The sizes of the two coefficients
were also found to be reasonable, with the expected price coefficient being much
higher than the coefficient for expected profits.

In several equations (3, 5, 10, 13, and 14) the DW statistic lies in the indeter-
minate zone. While each equation taken individually might not constitute a cause
for concern, the collective picture is more disturbing. Moreover, in the case of
equation (11) DW is signifcant (because of the larger sample size). This suggests
that the model may be misspecified, though positive confirmation of this would
require a VAR analysis of all the equation residuals.

4. SIMULATIONS

In this section we report the effect on the endogenous variables of various shocks
to some exogenous variables. Because our model incorporates rational expect-
ations, we can distinguish between anticipated and unanticipated shocks. The
former, for illustrative purposes, are assumed to be anticipated by the public
five years before their actual occurrence.

We report the results of two sets of simulations. In the first we assume that
there is a permanent 10 per cent rise in the demand for tanker ton miles, which
reflects (say) a similar rise in seaborne trade in oil. In the second we assume that
there is a permanent 25 per cent increase in the price of bunkers. Clearly these
simulations are artificial, since in reality seaborne trade in oil and oil prices are
interdependent. Nevertheless, they are presented primarily with the objective
of revealing the properties of the model, though they are also of some interest
in their own right.
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TABLE 1

10% Permanent Rise in Seaborne Trade
(% changes)

Year Time Freight Tanker Fleet Deliveries Scrapping
Charter Rate Prices (%)
Rate

U A 8] A U A 8) A 8) A 8) A

314 —-0.5 242 0.2 342 7.1 0.2 0 0 0 —-0.6 -0.1

1
2 254 12 198 -04 282 9.1 0.9 0.1 103 24 -13 -03
3 178 -2.2 151 -1.0 22.1 11.3 2.6 0.6 26.7 9.7 —-1.3 =05
4 1.3 -6.3 10.1 =29 164 14.7 4.8 1.6 349 18.8 -1.2 -0.6
5 7.0 21.5 58 =57 117 220 6.9 3.2 308 292 -0.9 -0.8
6 3.1 8.9 3.0 12.2 6.9 12.0 8.5 5.2 216 320 -0.7 -0.9
7 2.7 6.6 2.1 6.2 5.3 9.2 9.3 6.9 144 255 -0.5 -0.9
8 1.6 4.8 1.6 4.2 3.2 6.5 9.8 8.0 11.3 17.1 -0.3 -0.6
9 0.9 3.7 1.2 3.3 1.4 48 10.1 8.7 9.8 11.5 -0.2 -04
10 0.5 3.2 06 2.7 0.3 42 10.3 9.1 7.3 9.0 0 -0.3

U = unanticipated
A = anticipated

As is well known, in a nonlinear model such as ours the dynamic multipliers
generated by the simulations are state-dependent; that is, their precise values
are not independent of the base values that have been shocked. The figures
shown in Tables 1 and 2 should therefore be judged with this caveat in mind.
A particular source of nonlinearity is the lay-up ratio (A), which in the base
run happens to be close to zero; this implies that there is no significant surplus
capacity. If this had been otherwise the short-run price responses would have
been less sensitive.

It is perhaps less well known that “‘rational expectations’ models have to be
simulated with respect to boundary conditions that apply on the terminal date
of the simulation (see, for example, Wallis et al, 1986, pp. 53—60). These
boundary conditions can distort the dynamic multipliers in the vicinity of the
terminal date. To avoid this problem the ten-year-ahead simulation reported in
Tables 1 and 2 was carried out by setting the terminal date at year 15.
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TABLE 2

25% Increase in Price of Bunkers
(% changes)

Year Time Freight Second Fleet Deliveries Scrapping
Charter Rate Hand Rate
Rate Prices

U A U A U A 8) A 8) A §) A

0 2420 —1.24 23.15 -0.32 22.55 1.24 0.16 0.08 0 0 -0.19 0

1 21.50 —1.80 21.84 -0.35 19.73 2.14 0.75 0.08 9.12 0.22 -0.52 O

2 17.81 —1.81 19.10 —0.67 17.11 3.17 2.03 0.14 2022 1.3 -0.44 -0.01
3 14.05 —2.30 17.20 —-0.38 17.36 12.50 3.55 0.24 25.30 1.77 —-0.41 -0.31
4 12.42 —2.60 14.74 —2.02 1529 26.09 5.18 0.99 24.46 11.78 —0.36 —0.77
5 19.36 20.77 13.29 20.45 13.53 23.18 6.53 2.33 21.36 21.26 —0.27 —0.81
6 9.02 19.56 12.38 17.40 12.18 24.94 7.60 3.99 19.25 26.26 —0.18 —0.83
7 7.95 17.56 11.75 1497 11.14 25.43 8.46 5.72 1846 28.38 —0.09 —0.89
8 6.86 15.44 11.08 12.68 10.41 24.41 9.20 7.46 18.09 30.54 —0.02 —0.87
9 5.92 13.04 .10.49 10.54 9.73 22.37 9.86 9.22 17.41 33.18 0.03 —0.78
10 5.00 10.37 9.87 8.36 9.06 20.09 10.45 10.99 16.48 34.96 0.09 —0.63

U = unanticipated
A = anticipated

Demand shock

The results of the demand shock are given in Table 1. We discuss the unanticipated
(U) case first. The increase in demand raises freight rates, the scale of the increase
reflecting the low lay-up rate that is embodied in the base run. The profitability
of tanker ownership rises, and the demand for tankers as a capital asset rises. In
the short run the size of the fleet is virtually given, so this increase in demand
raises tanker prices by about 34 per cent.

In the very short run only a fall in the rate of scrapping can raise the size of the
fleet from what it would otherwise have been. The rise in secondhand values
triggers new building orders in year 1, but because of gestation lags they do not
begin to show as deliveries until year 2. Thereafter deliveries increase and the
scrapping rate falls, so that by year 8 the size of the fleet has grown virtually in
proportion to the scale of the demand shock.
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As the size of the fleet rises and capacity expands, both freight rates and tanker
prices moderate, till by year 10 they are virtually restored to their initial values.
Unfortunately we are unable to simulate beyond the horizon in Tables 1 and 2
and calculate the steady-state solution of the model. However, the increase in the
fleet will require more replacement investment in the steady state which, in terms
of the model, will require both higher tanker prices and higher freight rates to
justify it.

Recall that, because the model incorporates “rational expectations”, the freight
rate and tanker price trajectories are anticipated once the shock has occurred. In
the anticipated simulation (A) the variables are anticipated even before the shock
occurs (in year 5). Because agents realise that prices are going to rise, the specul-
ative demand for tankers rises in year 1, so that tanker prices rise by 7.1 per cent
in the initial year. This triggers reduced scrapping and increased building of new
tankers, and thus the size of the fleet is increased. However, as yet demand has
not risen — this will not occur till year 5. In the interim therefore freight rates
become depressed till year 5, when demand itself rises.

In year 5 the reactions of freight rate and tanker price are correspondingly less
sensitive than they were when the shock was unanticipated. This reflects the fact
that the market has the opportunity of bracing itself well in advance of the event.
When the shock has occurred freight rates and tanker prices begin to moderate, as
in the previous case, and as the fleet size rises towards 10 per cent.

Supply shock

In our second exercise bunker prices rise by 25 per cent. This may be regarded as
a supply shock, because the cost of operating the tanker fleet is raised. According
to the model the optimal vessel speed will be lower, and the supply of freight
services will be correspondingly reduced in the face of an unchanged demand.
Bunker prices directly affect the supply of ton-miles in the freight market. To
consider the impact on the freight market of an increase in the bunker price, we
may first consider what happens when fuel is the only input to the production
process, so that supply is purely a function of the ratio FR/PB. The inelastic
demand for ton-miles implies that the equilibrium FR/PB remains the same, so
there is a proportionate increase in FR. This means that profits will increase in
exactly the same proportion. Where we have more than one input to the produc-
tion process there will still be an increase in rates and profits, but this will be less
than proportionate. We notice that both the bunker price and the demand shock
lead to an increase in the profitability of the freight market. Since the remaining
markets are not directly affected by these shocks and only interact with the
freight market through the change in profitability, we expect that both shocks
will have very similar effects throughout all the markets. In short, since the
demand for freight is completely price inelastic, the incidence of increased bunker
price is borne by consumers. This boosts profit margins in shipping and so
stimulates the size of the fleet, which steams at a slower optimal speed.

Table 2 confirms that the responses of our empirical model are in line with
these analytical expectations. Freight.rates increase by 23.15 per cent initially,
while secondhand values increase by 22.55 per cent. The rate of scrapping falls
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immediately, and this increases the size of the fleet, even though deliveries cannot
respond at once. As the fleet increases, profits and prices fall towards their
previous long-run equilibrium. There is, however, a permanent increase in freight
rates and in the size of the fleet. The increase in size implies that the productivity
of the fleet falls (slow steaming).

Anticipated shock

Where the shock is anticipated and its positive influence on the profitability of
ships is foreseen, there is a 1.24 per cent speculative jump in ship values. This has
a negative impact on the rate of scrapping and eventually a positive influence on
deliveries. Thus in the first few years, while the fuel price is still the same and
while the fleet is increasing, freight rates and profits fall, reaching an all-time low
just before the occurrence of the shock. At that point in time prices are at an
all-time high, up 20.09 per cent. When the shock occurs, time charter rates
increase by 20.77 per cent and freight rates by 20.45 per cent. This is less than
the maximum increase in the unanticipated case. The reason is of course that
the increase in the size of the fleet partly cancels the positive influence of the
increase in the price of fuel. After year 5, prices, time charter rates and scrapping
gradually return to their previous long-run equilibrium level. There is, however,
a permanent increase in the size of the fleet and therefore a permanent reduction
in optimum speed (slow steaming). There is also a permanent increase in freight
rates.

5. CONCLUSIONS

Using annual data drawn mainly from the 1950s through 1986, we estimated an
aggregate econometric model of the tanker market, following the design proposed
by Beenstock (1985). The model incorporated a freight market and a market for
tankers in which freight rates and tanker prices were jointly and dynamically
determined. An important feature of the tanker market specification was the
stock-flow equilibrium upon which it was based, and in which the price of new
ships was treated as a forward price.

Rational expectations played a major role in the model. Time charter rates
reflected expected future voyage rates, prices ofnew-built ships reflected expect-
ations of secondhand tanker prices, and the demand for tankers reflected expect-
ations of profits and capital gains.

The assumption of rational expectations implies that anticipated shocks will
have different effects on the shipping and freight markets from shocks which are
unanticipated. This was illustrated in section 4; we carried out two simulations,
one in which the demand for tanker freight rose and the other, a supply shock, in
which the price of bunkers rose. On the whole, rational expectations cushioned
the effects of these shocks when they were anticipated; the market could brace
itself, so that by the time the shock occurred some of the adjustment had already
taken place. .

The tanker model reported here complements the model for dry cargo that we
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have reported elsewhere (see Beenstock and Vergottis, 1989). It is clear, even
from the present model, that these two sectors of the world shipping market are
interdependent and that developments in the one will spill over into the other.
There are two main spillover effects. The first reflects the fact that combined
carriers may be switched between the tanker and dry cargo markets. The second
reflects the fact that shipbuilders may build dry cargo vessels instead of tankers.
These substitution effects bind the two markets together. In this paper we have
ignored these spillover effects. In future work we hope to take them into con-
sideration in an attempt to gain further understanding of the behaviour of world
shipping markets. '

APPENDIX
Data Sources

Ton-miles: Fearnleys Review
K Tanker fleet: J. I. Jacobs: World Tanker Fleet Review

FR Voyage freight rate index: 1950—1971: Norwegian Shipping News: Intrascale; 1971—
1986: Harley Mullion: Worldscale, converted to dollar terms

F End year, 12 months time charter rate index: constructed from individual time charter
contracts

D Deliveries of new tankers: J. I. Jacobs: World Tanker Fleet Review

Qo Tanker order book: J. 1. Jacobs: World Tanker Fleet Review

S Vessels scrapped: J. 1. Jacobs: World Tanker Fleet Review

A Proportion of fleet laid up. Estimated as vessels laid up divided by X

Vessels laid up: 1955—1972: Shipping Statistics, Bremen Institute of Shipping Eco-
nomics; 1973— : Fearnleys Review

P Secondhand price index. Index constructed from estimates of secondhand values of
tankers of various sizes and ages (Platou Report, Fearnleys Review, J. 1. Jacobs: World
Tanker Fleet Review)

P New-built price of tankers: 1950—1964: Index constructed from estimates of new-

built prices of tankers of various sizes (various sources)

1964—1986: New-built price of 210,000 DWT Tanker (Fearnleys Review)

P ! - New-built price of dry cargo ships 1950—1964: Index constructed from estimates of
new-built prices of dry cargo ships of various sizes (various sources)

1964— : New-built price of 30,000 DWT bulk carrier (Fearnleys Review)
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A10 Proportion of tanker fleet over 10 years old. Lloyd’s Register of Shipping, Statistical

Tables
PB Unit voyage costs (bunker plus port charges). Estimated as 5 PF + PC
PF Price of fuel oil per barrel (§) estimated as average marine fuel prices in various ports

of the world (various sources)
PC Estimated as IP/EDOL

IpP Industrialised countries wholesale price index (1980 = 100). Source: International
Financial Statistics, IMF

EDOL Exchange rate of the dollar against SDR (1980 = 100). Source: International Financial
Statistics, IMF

LC Lay-up costs estimated as LC = IP/EDOL

RC Running costs estimated as RC = IP/EDOL
L Vessels lost: Lloyd’s Register of Shipping, Statistical Tables

P, Price of scrap: 1950— 1966: Price of scrap in Japan, United Nations: Monthly Bulletin
of Statistics; 1967— : Scrap price per light dwt ton in the Far East, Fearnleys Review

C Shipbuilding cost index, estimated as 2PMET + IP/EDOL

PMET Price of metals index (1980 = 100), source: International Financial Statistics, IMF

w World wealth provided as Y IP/EDOL

Y World GDP at constant prices (1980 = 100), source: International Financial Statistics,
IMF

R End year, one-year US Treasury bill rate

Date of receipt of final typescript: September 1988
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