AN ANALYSIS OF CAPACITY UTILISATION
IN LINER SHIPPING

By J. A. Zerby and R. M. Conlon*

Ocean liners are distinguished from other suppliers of sea transport because they
are committed to a regular schedule of service between particular ports at a price
which is fixed in the short run. Moreover, the shipowners agree to satisfy all
reasonable needs of the respective shippers in both quantity and quality of service.
This commitment makes the owners vulnerable to fluctuations in demand, and
increases the risk of loss. The high capital-to-labour ratio, the inability to augment
physical capital in the short run, and the fixed supply price prevent the usual
market mechanism from achieving a stable equilibrium.

Compensations for the added risk arise from several sources. Firstly, the
monopoly power of collective associations of liner operators is either condoned or
officially sanctioned by most trading nations. The purpose of these associations or
“conferences” is to set common prices and share output in various ways. Secondly,
competition with independent shipping lines (that is, non-conference members),
tramp operators and other suppliers of transport services is partly limited by a
system of dual-rate contracts which offers a discount to shippers who agree to
confine all their shipments to members of the relevant conference.’ Thirdly, in
most cases membership of the conferences is tightly restricted. Fourthly, there is a
considerable degree of vertical integration in shipowning firms, so that influence
can be exerted on terminal operation, wharf facilities, stevedoring and ancillary

*University of New South Wales. .

1Deakin [4, p. 87] reports that general freight rates and surcharges in the United Kingdom-
Australia Conference changed eleven times from January 1955 to May 1971, giving an average
period of generally fixed prices of 17 months. This frequency varies between conferences and between
commodities, but it provides enough information to define the “short run’ as a period of approxi-
mately one year.

#Tramp vessels, defined strictly, are ships which carry freight on an irregular and unscheduled basis.
The vast majority now operate on either a time or a voyage charter and specialise in large con-
signments of low-value-per-tonne commodities which can be loaded and discharged by bulk methods.
Hence, the ships are substantially different in design and function from liner vessels, and generally
cater for a different type of shippers. The number of tramp ships of conventional design which call at a
port in a speculative effort to secure cargo is relatively small. For further information see Cufley [3],
Gripaios [8], International Cargo Handling Co-ordination Association [10], Metaxas [15] and
Sturmey [17].

3The discounts are commonly between 5%, and 15% of the normal tariff rate and may be granted
immediately or on a deferred basis, though arrangements differ somewhat in certain conferences.
See Deakin [4], Ferguson [5], Goss [7] and Marx [14].

4The exception is conferences which operate into or out of U.S. ports, since membership in these is
declared open by U.S. law.
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services. Finally (and perhaps this is the most important point), pricing policies are
commonly based upon “charging what the market will bear”.’

The purpose of this paper is to analyse the institutional arrangements in liner
shipping with respect to the resulting utilisation of capacity. In Section 1, a model is
developed in a manner which outlines the most likely effects of the market
constraints mentioned above. Section 2 examines the assumptions of the model in
terms of current conference policies. Section 3 gives recent revenue data and load
factors for the Europe-Australia Shipping Conferences, and Section 4 gives an

evaluation of the analysis and makes policy recommendations.

1. BASIC EXPLANATION OF UNDER-UTILISATION OF CAPACITY

Fluctuations in the demand for shipping services may be traced to changes in supply
or demand in the markets for the commodities which are shipped. The changes may
follow a regular pattern, as with cyclical and seasonal fluctuations, or they may be
irregular, as with non-recurrent and random fluctuations. In either case the
theoretical effect is the same,® and in this section we shall assume only that the
peaks and troughs of these fluctuations are approximately equal in both amplitude
and frequency.

For simplicity of analysis it is necessary to assume initially that the cargo is
homogeneous and that a single, common rate exists. The purpose of this
assumption is to highlight the importance of differential pricing, in comparison
with other factors, and it will be discussed more fully in Section 2. We shall also
assume that the common rate is set by collective agreement between shipowners.

In order to reflect the shipowner’s commitment to providing the service, we shall
suppose that no excess demand exists at the fixed rate. Furthermore, the quantity of
the service purchased will depend only on the shippers’ demand function and the
fixed rate, and the resulting output is to be shared between the participating firms.
To summarise the assumptions:

(1) the fluctuations in demand are evenly distributed in terms of peaks and
troughs, and are independent of demand elasticity;

(2) the cargo is homogeneous;

(3) a single, common rate exists and is set by collective agreement between
shipowners;

(4) no excess demand exists at the fixed rate; and

(5) output is determined by the quantity demanded at the fixed rate and is
shared between the participating firms.

If we adopt initially the traditional U-shaped average cost curve, the short-run
position of the firm isillustrated in Figure 1. If the fixed rate is given by OA per unit of
service, the firm is able to operate at the minimum point of the average cost curve

5Though conference rate setting is partly dependent upon cost considerations such as stowage factors,
distance and ease of loading, a substantial portion of the differences in freight rates can be explained
by factors such as the bargaining power of the shipper and his chartering potential. See “Regression
Analysis of Ocean Freight Rates on Selected Australian Trade Routes”, a forthcoming occasional
paper of the Australian Bureau of Transport Economics.

$The distinction is relevant to policy considerations and is discussed in greater detail in Section 4.
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Theoretical short-run average cost and revenue functions

and the conditions for profit maximisation will be satisfied. Total costs and total
revenue are given by OABC. Suppose now that the demand for shipping services
fluctuates so that the new output is equal to OD. Total costs are now equal to
OFED, and exceed total revenue by an amount equal to the lightly shaded rectangle
AFEG. Similarly, if demand fluctuates in the opposite direction, resulting in an
output of OH units, the excess of costs over revenue is indicated by the larger
rectangle AFJ. It is clear that a loss will occur for any change in output at the fixed
rate, but the loss is greater when output is above the optimum amount than when it
is lower. Two tendencies on the part of the shipowner immediately follow: (1) over
the longer run, the scale of operation of the firm will be adjusted so that the

"When the rate is fixed at OA per unit for all levels of output, line A]J represents both the average
revenue and the marginal revenue curve. Clearly the marginal cost curve passes through point B,
which therefore reflects the equality of marginal cost and marginal revenue. The argument that
point B also represents the low point of the short-run average cost curve requires additional support.
The current belief is expressed by Jansson [11, p. 306]: “It is a known and certified fact that liner
shipping is not particularly profitable. Rather the reverse is true. And the only way of reconciling
this fact with discriminatory rate-making is that the profits made on high-rated cargo, for which a
demand-based element is added to marginal cost, are offset by losses on a comparable amount of
traffic rated well below marginal cost.” To be consistent with current thought, the rate OA must
therefore be defined as an average rate relative to the cargo carried, and the firm in question is of
average efficiency.
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optimum level of output is closer to the highest expected level of demand than to
the lowest level, and (2) the rate must be set higher than OA in order to offset the
loss.

The effect of a higher fixed rate can be illustrated by Figure 2. If the rate is
permitted to vary between OA and OK, some shippers will be rationed out of the
market: this is indicated by the movement from B to L, along the portion of
demand curve over which there is variability in price, resulting in OM units
demanded at the new rate. Since the equality of the new average and marginal
revenue and marginal cost occurs at point N, capacity will be even less fully utilised
than at the old rate. Temporal changes in capacity are therefore likely to lag behind
changes in the fixed rate, since it is generally easier for liner operators to negotiate
higher rates than to alter the size of their fleets.

This result will be reinforced if the slope of the average cost curve is greater (in
absolute terms) to the right of the optimum level. This will occur if the total cost
curve rises more steeply for levels of output in excess of the amount for which
marginal cost equals average cost. In the case of liner shipping, this is a definite
possibility. Treatises on cargo stowage have recognised the difficulties associated
with the complete utilisation of a ship’s available space.” With conventional vessels,
as the quantity of cargo loaded in each hold approaches the maximum, the reduced
amount of working space greatly impedes loading and discharging. Additionally,
cargo of the precise volume or weight needed to make the vessel “full” or “down” is
sometimes difficult to obtain, and extended delays in port would result from efforts
to secure it. In a containership, the stability of the vessel is an extremely important
limitation to the stacking of containers on deck. As with a conventional vessel,
delays in port would result from the attempt to obtain containers of the precise
weight needed to maintain stability when relatively few positions remain for the
containers. Cargo handling costs and the cost of time in port are therefore likely to
rise rapidly as output approaches the maximum, and otherwise to remain relatively
constant per unit.

The other main component of total cost is the operating cost at sea, and this is
relatively stable over the lower range of output. Fuel consumption is more directly
related to the vessel’s speed than to its displacement, and the effect of increased
speed is more pronounced at speeds close to the maximum for the type of engine
used. Shipowners who attempt to increase output by reducing the time at sea for a
given route are therefore likely to experience large rises in total cost for output in
excess of the optimum. The effect of these considerations is to yield the presumption
that the short-run average cost curve for liner shipping is non-symmetric, in the

8See Thomas and Thomas [18]. The point at which stowage difficulties begin to affect the shape of
the average cost curve depends upon the physical characteristics of the.vessel and the mixture of
cargo carried. Discussions with shipowners and agents indicated that, on average, unit costs rise
rapidly for load factors greater than 85 or go%, of available cubic capacity for conventional vessels
and 8o to 85%, of available deadweight capacity for containerships. Evidence that the deadweight
constraint is the relevant one for containerships is given by Zerby, Conlon and Kaye [21, p. 33]. The
average stowage factor for Australian exports to Europe in 1974-75 was 53.5 cubic feet per long ton,
whereas the ratio of minimum cubic feet to maximum long tons for a containership such as the
Fervis Bay is 73.4. A fully loaded containership engaged in that service will, on average, be “down”
before it is “full”’. See Section 3 for a discussion of load factors.
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approximate manner shown in Figure 3. At least it can be argued that there is little
evidence to support the opposite view of steeper gradients to the left of the
optimum.9 As can be seen from the diagrams, the latter possibility is the only one
which negates the argument of greater losses to the shipowner when fluctuations
bring demand above the optimum amount.

2. CURRENT PRICING POLICIES

The analysis in the preceding section suggests that the combination of the
shipowners’ commitment to supply a regular service at a fixed rate and the
short-run rigidity of capital provides a strong incentive for measures which will
offset the effects of short-run fluctuations in demand. Two such measures were
mentioned: a higher price and “planned” under-utilisation of capacity. In this
section, these and other possible measures are examined in greater detail. We
initially direct our attention to the pricing policies. For this purpose it is necessary to
treat each conference as a separate industry."’

The losses described above may be viewed as costs which must be shared by the
shippers, and are therefore “common costs” for the use of liner services for outgoing
freight. The problem, then, is to allocate the costs among users. Following the
analysis of the previous section, it would be possible for shipowners to separate
incremental costs (such as handling and stowage costs) from carrying costs, and
obtain for the latter a freight rate per unit of weight or volume used. This rate could
then be adjusted upwards until it covered the cost of the unutilised volume. Thus
users could contribute to the common costs in proportion to the average weight or
space that each user occupies. There are, however, several undesirable features
associated with this pricing policy—one accruing to the shipper and one to the
shipowner. From the shipowner’s point of view, the increase in price is almost
certain to be associated with a decrease in the quantity demanded, and will
therefore contribute to a secular decline in the liners’ share of the overseas transport
market. From the point of view of the shipper, the pricing policy fails to fulfil the
marginal conditions, and will satisfy the welfare conditions only if maximum
efficiency and a minimum of price exploitation can be assured through regulatory
action; and this is by no means certain.’

The situation is further complicated. Shipping capacity for exports is provided by
vessels discharging imports. The physical volume of trade on any route rarely
balances in both directions; therefore over-capacity almost always exists in one

9Though the purchase of an extra vessel would constitute an increase in the scale of operation, it
might be argued that a time or voyage charter by a shipping line does not constitute a change in
scale, since the extra vessel is only used temporarily. In that case, chartering practices would have the
effect of offsetting the lack of symmetry shown in Figure 3.

WConferences are organised on a geographical basis that developed from the pattern of trade at the
time when each conference was formed. Changes have occurred since then, but only to reflect the
changing needs of the particular trade. Hence, in terms of market supply and demand each conference
does constitute an industry.

11Regulatory agencies in the U.S. have recently become concerned with the possibility that there
has been over-regulation, and there may be a trade-off between efficiency and the maintenance of
normal profits. See the U.S. Civil Aeronautics Board study [19].
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direction. This is precisely the “backhaul” problem that has received attention in
the road-rail transport literature [12], [6]. Its importance here rests in the
implication that shippers experiencing higher load factors in one direction should
contribute to the cost of the unutilised capacity in the direction having lower load
factors. The extent to which a contribution is effected depends partly upon the
degree of interaction between the conferences which administer the rates for the
services in opposing directions. Typically, there is overlapping membership, but
fragmentation can occur, and rate setting in one direction need not be related
directly to cargo flows in the opposite direction.

It is reasonable to suggest that the shipper-equity problem is a sufficient
Justification for shipping conferences to discard the pricing system based on a
common rate per unit of volume or weight (with average incremental costs added)
in favour of a system of differential pricing. A necessary condition for that is a
market which is fragmented into commodity groups with different elasticities of
demand for shipping services. In this way, the shipowners are able to “charge what
the market will bear”.

The system of differential prices is discussed in detail by Deakin [4]. The general
conclusion of his analysis of one particular liner trade is that some commodities are
charged considerably more than the long-run average cost, and some commodities
considerably less. Recent evidence presented by Heaver [9], Lipsey and Weiss [13],
Bryan[1], [2] and others indicates that the factor separating these groups is average
value per tonne. Deakin argues further than the average revenue function under
this system is shaped according to the curve shown in Figure 4. For commodities
with high freight rates per tonne, the competition between liner shipping and air
transport induces a relatively high elasticity of demand for transport. Similarly
many low-rated commodities are capable of being transported by bulk carriers and
therefore also experience a relatively high elasticity of demand. These are
designated in Figure 4 as groups A and D respectively. Between these extremes,
there is likely to be a wide range of commodity groups with a relatively low price
elasticity of demand. Deakin observed that “profits” occurred mainly from
commodities in group B, and that these profits offset the “losses” incurred by groups
C and D.

For the present analysis, these results have several important implications. Firstly,
a policy of differential pricing, which uses value per tonne as a basis and exploits
different elasticities of demand for transport services, makes it possible for
shipowners to cover losses from all sources. For example, an increase in fuel costs
will raise the long-run average cost above OL in Figure 4. A percentage increase in
all rates will move the entire average revenue curve upward, and thus eliminate the
loss. (The effects of an increase in unutilised capacity could be offset in the same
way.) If the general increase in rates leads to a substantial decline in volume of
certain commodities at either extreme, then exemptions can be made and
compensated for by raising the rates even higher for commodities in groups B and C
in the diagram. Thus one pricing system serves all purposes.

Secondly, there is likely to be a differential pricing effect between commodities.
Under the single-rate system commodities would be excluded from the trade if the
freight rate added excessively to the selling price. Under the differential price
system they will be carried at a loss, in long-run terms, provided the incremental
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Theoretical average revenue function for differential pricing policy

costs are met. With careful rate adjustment, the shipowner therefore may find it
easier to maintain high load factors in spite of demand fluctuations.

Thirdly, it is possible that the differential pricing process comes closer to meeting
the marginal conditions than the method discussed earlier in this paper. As Nancy
Ruggles pointed out in 1950 [16], demand curves for a number of commodities
contain discontinuities which produce small areas over which demand is almost
perfectly inelastic. If the freight rates on these commodities are held within the
areas described, so that a reduction in the rate will bring little or no increase in the
quantity of the service demanded, the marginal conditions are not violated. Deakin
concluded [4, p. 101] that is more likely to be true for commodities in Group B of
Figure 4 than for any other group.

The system has several disadvantages. The most obvious one is the fact that the
incidence of payment for common and joint costs falls heavily on commodities in
group B, and the resulting change in relative prices is likely to run against the
comparative advantage of moderately industrialised countries.” Secondly, the
system is too complex to be effectively regulated by an individual country:
therefore, there is neither a check on the possibility of excessive profits nor a set of

12Gee Section g for an estimate of the Australian commodities which fall into this group. The more
industrialised countries will tend to have a higher proportion of exports in group A of Figure 3, and
the lesser developed countries will have a higher proportion in group D.
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incentives for an efficient allocation of resources by the shipowners. Thirdly, if high
load factors are achieved by carrying cargo at rates below long-run average cost, it
follows that load factors are no longer indicative of profitability. Furthermore,
there may exist a level of disguised under-utilisation of capacity, since some cargo
space is used but not fully paid for.

A final point remains concerning the possibility of non-price competition on the
part of the individual shipowner, as a means of securing optimum capacity
utilisation. The self-regulation of the conference system tends to limit this.
Shipowners are discouraged from attempting to promote their services by
advertising and giving gifts or other concessions to shippers. Additionally, in some
conferences the lines agree to pool the freight earnings on some or even all cargo.
The distribution of the pool is usually based upon available capacity rather than
actual loadings. In this way advantages stemming from differing efficiencies, as well
as from “unfair” competitive practices, are eliminated.

3. THE LINER TRADE BETWEEN EUROPE AND AUSTRALIA

In examining actual load factors, we shall direct our attention exclusively to the
Europe-Australia conference groups.’ Earlier work by Deakin [4, chapter 8]
provides useful information regarding both load factors and financial data from
1958 to 1968. The important characteristics of the shipping trade during that
period are shown in Table 1. The tonnage carried each year, in terms of “bill of
lading tons” " (column 1), shows that the trade was reasonably well-balanced in the
first part of the period, with European export tonnage exceeding Australian
tonnage during the latter part. The physical volume of shipping cargo, however,
was less balanced, with a general excess in the Australia-to-Europe trade. Since
volume measures are not available for the entire period, it was necessary to use
capital value of ships employed on the voyages as a proxy. From 1965 onwards the
differential seems to be less pronounced.’ Since Australian exports to Europe
during the eleven-year period were mainly primary products, it is reasonable to
suppose that they had higher stowage factors. Furthermore, Deakin [4, p. 167]
notes that the seasonality of Australian exports required additional tonnage to be
shipped at certain times of the year. In the early part of the period, this need was

13The Australia-Europe Shipping Conference administers the northbound tariffs and the Europe-
Australia Shipping Conference administers the southbound tariffs. The latter formerly consisted of
two separate groups—the United Kingdom-Australia Conference and the Outward Continent-
Australia Conference.

14¢Bill of lading™ tons is a mixture of “measurement’ tons and “deadweight” tons. The mixture is
used because some commodities are charged by volume rather than weight. A “‘measurement” ton
is generally equal to 40 cubic feet, but may differ by convention [18, p. 64]. It follows that tonnage
may vary between years and between voyages as a result of different mixtures of commodities. It is
not an ideal unit from the point of view of consistent measurement.

15Deakin gives volume measures for selected years within the period. Before 1965 more space was
made available on the homeward direction; after 1965, the available capacity was greater in the
outward direction [4, p. 166].
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TABLE 1
Summary Data for Europe-Australia Shipping Conference
(Outward from Europe and Homeward to Europe)—1958 to 1968

1 2 3 4
Bill of Lading Capital Value Cost per Ton Revenue per Ton
Tons Carried
(millions) (£ million) (L/bill of (£ /bill of
lading ton) lading ton)
Out. Home. Out. Home. Out. Home. Out. Home.
1958 1.70 1.74 34.64 48.45 8.9 13.6 12.0 16.0
1959 1.47 1.94 35.00 59.95 9.7 12.5 12.2 15.4
1960 1.97 1.72 38.31 43.98 8.8 12.7 11.8 15.3
1961 1.87 1.74 42.80 48.12 9.9 12.8 12.8 15.5
1962 1.80 1.84 39.34 48.80 9.8 13.4 13.0 16.3
1963 1.87 1.79 39.35 48.60 10.0 13.7 12.9 16.8
1964 2.10 1.88 40.78 50.00 10.1 15.0 12.9 17.6
1965 2.22 1.92 43.69 51.63 10.9 15.6 13.6 17.5
1966 2.03 1.74 37.27 46.21 I1.1 14.1 14.0 17.1
1967 2.08 1.49 41.46 44.60 11.0 16.6 14.6 20.5
1968 2.19 1.43 52.77 53.71 12.3 19.9 16.7 21.7

Source: tons carried and capital value—Deakin [4, p. 186-187]. Capital value was obtained from
historic cost of fleets less go per cent depriciation over twenty-flve years.

cost per ton—calculated by subtracting gross profits from gross revenue and dividing by bill of lading
tons carried, using Deakin’s figure for the components.

revenue per ton—calculated by dividing gross revenue by bill of lading tons carried, again using
Deakin’s figures for the components.

met by vessels sent from Europe in ballast or semi-ballast. In the latter part of the
period, greater use was made of time or voyage chartered vessels.

The lack of balance in physical volume had several important effects relevant to
pricing policies during the period. For each year, cost per bill of lading ton (column
3) was higher for Australian exports, and so also was revenue per bill of lading ton
(column 4). This suggests that the conferences allocated at least part of the cost of
the space of the Europe-outward voyage (the “joint” cost) to Australian shippers.
The use of ballast vessels made this separation possible, and it probably also
reduced the total cost of the outward trade, since, if the vessels in ballast had been
even partly filled, they would have increased European port congestion and
therefore tended to reduce the turnround time of other vessels on the trade.

These presumptions lead us to suppose that load factors for the outward journey
were, on average, at or below the optimum level. At least some of the fluctuations
above the optimum level could be handled efficiently by the ballast or semi-ballast
vessels. On the other hand, in the Australia-to-Europe direction, the ships
apparently operated at levels equal to or greater than the optimum, in order to
minimise the cost of empty space in the Europe-to Australia trade. To the extent
that “joint costs” were allocated to Australian shippers, the link between load factor
and profitability for the homeward journey would be weaker than it would
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otherwise have been. These possibilities are examined with the use of data shown in
Table 2.

The first column of the table shows load factors as percentages of space utilised to
total space offered by loaded vessels only (ballast and semi-ballast vessels are
excluded) during each year, with an adjustment for space vacant but
unavailable.® Column 2 shows gross revenue for the voyage, and gross profit and
net profit are shown in columns 3 and 4 respectively. Finally, the cost per bill of
lading ton from Table 1 is reproduced in column 5. For each column the rank order
is given in square brackets, beginning with the largest value.

Rank correlation coefficients'' were computed from the data; the results are
shown in the matrices below. The values along the diagonal (7ii), in both matrices,
are the rank correlation coefficients between outward and homeward voyages for
the corresponding variable. Except for the correlation between gross and net profit
(734), which is of little consequence to the analysis, the coefficients are higher for
the Europe-outward direction. Load factors on the outward voyage are more
variable and are independent of load factors in the homeward direction
(ry = —o0.10). Changes in revenue and cost per unit appear to parallel each other
in both directions (722 = +0.71 and 753 = +0.86). With the homeward voyages,
there is a reasonably close relationship between gross revenue and cost per unit
(res = +0.80), but this relationship is stronger for the outward direction, for
which the coefficient is +0.95. The most important result for the analysis here is
the low correlation for load factors (row 1) in the homeward direction, which
indicates that they are not directly related to profitability. In this case, the result is
due more to the “backhaul” problem than to fluctuations in demand. The latter are
compensated for either by changes in load factors in the outward direction, and
therefore by changes in the available capacity for the homeward voyage, or by
ballast and semi-ballast vessels in the outward direction. In either case, the
Australian shippers bear a sufficient amount of the cost of the unutilised capacity to
prevent a direct relationship between load factors and either costs or profits.

To examine the extent of short-run fluctuations in load factors it is necessary to
use data relating to individual vessels. During 1974-75 the Australia-to-Europe
Conference employed 73 vessels, including seven under time or voyage charter. The
fleet comprised 21 containerships, five roll-on/roll-off vessels and 47 conventional
vessels [21, pages 18-19]. There are several reasons for giving exclusive
consideration to containerships of the Jervis Bay class. Firstly, the eleven vessels in

16A relatively small deduction was made for “loss of stowage”, compared with the usual deduction
mentioned in Section 1. It is possible, however, that the value given for total cargo space is less than
the total bale capacity of the sailings. Since Deakin does not give sufficient information to veryify
this possibility, the actual load-factors must be accepted with a certain amount of misgiving.

17The Spearman rank correlation coefficient is obtained from the formula:

6 X dj
i=1
Tl T n(n2=1)

where d, is the square of the difference between ranks of the two variables in the i-th year, and n is
the number of years.
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TABLE 2
Load Factors and Profitability for Europe-Australia Conferences
(Outward from Europe and Homeward to Europe) 1956-1968

OUTWARD
Year Load factor Gross rev. Gross profit Net profit Cost|Unit
(%) (£ million) (£ million) (£ million) (£ [long ton)
1958 89.8 [ 8] 20.47 [10] 5.92 [10] 2.86 [10] 8.9 [10]
1959 82.7 [11] 17.90 [11] 3.62 [11] 1.37 [11] 9.7 9]
1960 92.8 [ 5] 23.12 [ 9] 5.66 [ 6] 3.14 [ 6] 8.8 [11]
1961 85.1 [10] 23.90 [ 7] 5.40 [ 8] 2.99 [ 9] 99[ 7]
1962 86.0[ 9] 23.26 [ 8] 5.55 [ 7] 333 [ 3] 9.8 [ 8]
1963 92.0 [ 6] 24.21 [ 6] 5.39 [ 9] 3.12 [ 7] 10.0 [ 6]
1964 949 [ 2] 27.13 [ 5] 5.87 [ 5] 3.16 [ 5] 0.1 [ 5]
1965 94-5 [ 4] 30.19 [ 3] 5.96 [ 3] 3.03[ 8] 109 [ 4]
1966 gr.2 [ 7] 28.46 [ 4] 5.0 [ 4] 3.22 [ 4] 11.1 [ 2]
1967 94.8 [ 3] 30.37 [ 2] 7.55 [ 2] 4871 2] 11.0 [ 3]
1968 96.7 [ 1] 36.57 [ 1] 9.59 [ 1] 6.57[ 1] 12.3 [ 1]
HOMEWARD
1958 92.3 [11] 27.92 [ 9] 4.28 [10] 0.80 [10] 13.6 [ 7]
1959 96.1 [ 1] 29.82 [ 6.5] 5.54 [ 3] 2.01 [ 7] 12,5 [11]
1960 93.2 [10] 26.44 [11] 4.63[ 9] 1.70 [ 9] 12.7 [10]
1961 94.1 [ 7] 26.99 [10] 472 [ 8] 2.12 [ 5] 12.8 [ 9]
1962 95.7 [ 3] 29.82 [ 6.5] 5.11 [ 6] 2.41 [ 4] 13.4 [ 8]
1963 94.9 [ 5] 30.14 [ 5] 5.53 [ 4] 2.88 [ 3] 13.7 [ 6]
1964 95.2 [ 4] 33-23 [ 3] 497 7] 173 [ 8] 15.0 [ 4]
1965 94.2 [ 6] 3357 [ 2] 3.71 [11] 0.0 [11] 15.6 [ 3]
1966 939 [ 9] 29.75 [ 8] 5.16 [ 5] 2.11 [ 6] 14.1 [ 5]
1967 96.0 [ 2] 30.49 [ 4] 578 [ 2] 311 [ 1] 16.6 [ 2]
1968 94.0 [ 8] 3444 [ 1] 6.03 [ 1] 3.06 [ 2] 199 [ 1]

Source: Deakin [4, pp. 165, 186 and 187].

Matrix of rank correlation coefficients
Europe-to-Australia (outward voyage)

1 2 3 4 5
1: load factor —.10 77 81 .65 .64
2: gross revenue 1 .91 A1 .95
g: gross profit .24 .79 .81
4: net profit .63 .65
5: cost/unit .86

Matrix of rank correlation coefficients

Australia-to-Europe (homeward voyage)

I 2 3 4 5
1: load factor —.10 42 47 .39 .00
2: gross revenue a1 .40 .27 .80
3: gross profit .24 .85 .29
4: net profit .63 .32
5: cost/unit .86
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the class are similar in physical characteristics.” Secondly, the service provided by
the O.C.L.-Seabridge consortium is one of the most regular: all vessels visit three
Australian ports (Sydney, Melbourne and Fremantle) and between two and five
European ports, of which Bremen, Flushing and London are the most common.
Thirdly, the vessels neither load nor discharge in New Zealand, and together they
provide over one-third of the annual deadweight capacity of the Australia-to-
Europe Conference.

The relevant data are shown in Table 3. There were 44 sailings from Australia to
Europe during 1974-75, yielding an average of one sailing every 8.2 days. There is
no significant correlation between load factors and intervals of time between
sailings (r = +0.32). Furthermore, there is no statistical association between load
factors in the outward and the homeward journeys (r = +0.14). The means,
standard deviations and coefficients of variation for the two sets of load factors are
as follows:

Outward from Europe:
mean = 66.4 standard deviation = 10.8 coefficient of variation = 16.3

Homeward to Europe:

mean = 60.7 standard deviation 18.0 coefficient of variation = 29.7

Since the coefficients of variation are relatively high, especially for the
homeward-to-Europe voyage, it can be said that short-run fluctuations in load
factors occurred in the 1974-75 period.

Finally, in order to investigate the nature of the shipowner’s revenue curve,
freight rates and tonnage data were collected for over 1,000 commodities shipped
from Australia to Europe on conference vessels. The items are arranged in seven
groups according to the degree of homogeneity of interests among the shippers’
associations participating in the export of the commodities. The groups are as
follows:

Group 1
Australian Frozen Cargo Shippers Committee } meat, butter, cheese, eggs

Group 2

Australian Wool Corporation

Australian Woolgrowers and Graziers Council

Australian Wool and Meat Producers Federation Wool
Australian Council of Woolbuyers

National Council of Wool Selling Brokers

18The “average” characteristics are: 26,900 gross registered tons, 14,400 net registered tons, 28,800
summer deadweight tons, 22,800 tons approximate maximum cargo weight, 1,500 to 1,600 twenty-
foot-equivalent containers, purchased in 1969-70 for about A$16,000,000.
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TABLE 3
Cargo Tonnage and Load Factors for Europe-Australia Conferences
(Outward from Europe and Homeward to Europe)

Date of Tonnes Tonnes Load Factor Load Factor

Sailing Vessel Discharged Loaded Outward Homeward
(%) (%)
9/ 774 F 11,038 12,865 48.4 56.4
15/ 7/74 E 8,399 16,378 36.8 71.8
5/ 8/74 D 17,395 19,391 76.3 85.0
27/ 8/74 C 16,524 16,492 71.5 714
4/ 9/74 B 23,671 10,429 100.0 45.1
6/ 9/74 A 23,102 7,791 84.9 28.6
11/ 9/74 J 13,191 7,360 57.8 335
21/ 9/74 K 17,208 6,964 64.2 26.0
3/10/74 F 15,140 12,975 66.4 56.9
7/10/74 H 18,464 9,195 704 35.0
21/10/74 E 16,568 9,517 72.7 41.7
30/10/74 D 19,087 19,542 83.7 85.7
6/11/74 I 17,857 12.339. 69.7 48.2
7/11/74 G 15,351 9,916 64.5 41.6
17/11/74 G 17,185 21,684 74-4 93.9
23/11/74 A 18,592 12,621 68.4 46.4
30/11/74 K 18,157 14,171 67.7 52.8
9/12/74 J 18,916 14,563 83.0 63.9
15/12/74 B 15,249 16,320 66.0 70.6
24/12/74 H 18,292 17,736 69.7 67.6
5/ 1/75 F 16,650 19,313 73.0 84.7
12/ 1/75 E 14,422 16,988 63.3 74.5
16/ 1/75 G 14,886 15,515 62.5 65.2
24/ 1/75 I 16,353 11,634 63.9 45.4
4/ 2[75 D 15,884 15,004 69.7 65.8
9/ 2/75 A 16,465 10,280 60.5 37.8
15/ 2/75 G 15,753 16,756 68.2 72.5
23/ 2/75 K 15,102 11,634 56.3 43-4
27/ 2/75 J 15,577 15,956 68.3 70.0
4/ 3/75 B 14,962 10,634 64.8 46.0
11/ 3/75 H 17,525 14,664 66.8 55-9
22/ 3/75 F 11,622 8,980 51.0 39.4
4/ 4175 E 14,636 19,059 64.2 83.6
12/ 4/75 G 16,020 17,845 67.3 74-9
18/ 4/75 I 16,076 13,764 62.8 53.7
28/ 4/75 D 16,974 20,239 744 89.2
9/ 5/75 A 10,689 12,398 393 45.6
13/ 5/75 C 15,674 16,818 67.9 72.8
15/ 5/75 K 16,716 14,632 62.3 54.6
24/ 5/75 B 14,417 13,751 62.4 59.5
29/ 5/75 J 13,702 16,234 60.1 71.2
14/ 6/75 H 16,816 19,916 64.1 75.9
17/ 6/75 F 14,853 19,060 65.1 83.6
27/ 6/75 G 16,226 19,753 68.1 83.0

Source: Australian Stevedoring Industry Authority; Lloyd’s Register of Shipping
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Group 3

Australian Apple and Pear Board

Australian Apple and Pear Shippers Association
Australian Dried Fruit Control Board
Australian Canned Fruit Board

Apples, pears dried fruit,
canned fruit

Group 4
Federated Sheepskin Export Packers Association Sheepskins, animal oils
Australian Bulk Tallow Shippers Association and fats

Group 5
Metals and Mineral Shippers Association

Metal ores, concentrates,
mineral sands

Group 6
Associated Chambers of Commerce

Canned meat and fish,
grain, rice, flour, canned
foods, beverages, cattle
hides, timber, etc.

Grouf.) 7 Chemicals, manufactured
Associated Chambers of Manufacturers items, machinery, trans-

port equipment, etc.

It should be noted that the data for group 7 are less accurate than for the other
groups. Reliable information concerning the quantity of metal and metal
manufactures which are shipped to Europe by chartered vessels is not available.
Furthermore, group 7 is relatively more heterogeneous, consisting of over 400 items,
many of which are exported in very small quantities. The data for the group
probably understate the true tonnage and may overstate the true average freight
rate, since all doubtful items were eliminated.

Figure 5 shows the revenue contribution of each group when the groups are
arranged in order of freight rate per tonne. The curve connecting the mid-points of
all the “total revenue rectangles” resembles the theoretical curve shown in Figure 4,
except for an extended horizontal portion in the centre. The two groups in this
portion, groups 6 and 3, jointly account for $A25.2 million, or approximately 36
percent of the total estimated revenue. It is therefore important to note that a
substantial proportion of Australia’s exports have freight rates which are set
approximately at the level of long-run average cost shown in Figure 5. The
horizontal portion should not be interpreted as an indication of highly elastic
demand for shipping service by these two groups. The reverse is likely to be true,
but this could be shown only by studying the responsiveness to price changes of each
individual item, not by viewing the revenue contribution of broadly defined groups.

It is clear from the diagram that there is a cross-subsidy effect in conference
rate-setting. Wool, sheepskins and meat are the “donors”; metals, ores and fresh
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fruit are the “recipients”. The situation, however, is not as simple as the diagram
depicts. The conference offers wool shippers a “door-to-door” service, the on-shore
portions of which are run at a small loss. In this way the conference can preserve its
rate-setting policies and still compensate, at least partially, the chief loser."’

4. EVALUATION AND POLICY RECOMMENDATIONS

Excess capacity appears to exist in the Australia-to-Europe containership service. A
portion of the excess may be the result of rivalry for high-rated commodities, as
suggested by Jansson [11, p. 310]. It is obviously preferable for a shipowner to have
a half-empty ship carrying Australian wool and sheepskins, rather than one filled
with metals and mineral sands. He may in fact add another ship to his fleet if he is
certain of obtaining primarily high-rated cargo. But if he has no such assurance, he
must consider the likelihood of acquiring the additional cargo from his rivals rather
than from his other vessels in the service. Clearly he will gain nothing if the extra
sailing makes his other sailings unprofitable.

A more damaging point against the rivalry view is the argument that there would
still be excess capacity in liner shipping even if a common rate were fixed. As was
shown in the previous sections of this paper, the necessary condition for excess
capacity is the existence of fluctuations in the demand for shipping services, not the
conferences’ practice of differential pricing. A certain degree of excess capacity may
therefore be treated analogously to a factor of production. The liner service would
be altered considerably if it were not present, and the amount of the “factor”
employed will depend upon relative prices and the relative contribution of each
factor.

Differential pricing complicates the analogy but does not negate it. The existence
of high-rated cargo will have a general influence on the ship-owner’s willingness to
delay his sailings or to visit extra ports. He will choose to do so if the additional cost
of the increase in voyage time is offset by the added revenue. This implies that he
values the excess capacity in marginal terms, and the value of the “factor” will vary
with the freight rate on the cargo potentially available to complete the load.
Therefore, the level of excess capacity will be influenced not only by short-run
fluctuations in the demand for shipping services in the market as a whole, but also
by the composition of the fluctuations, between high-rated cargo and low-rated
cargo.

Policy measures which are designed to reduce the fluctuations described above
will have the effect of minimising the excess capacity. Such measures must be
directed towards the source of fluctuations, and for this purpose the distinction
between regular and irregular changes in the demand for shipping services is
relevant. If, for example, seasonal patterns dominate, “off-peak” pricing or similar
incentives can be used to minimise the seasonal swings. Since fluctuations in
demand arising from other sources are more difficult to control, it is useful to

19See [21] for details of the “door-to-door” service.
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TABLE 4

Analysis of Variance of Load Factors in Quarterly
Intervals for Europe- Australia Conferences
(Outward from Europe and Homeward to Europe) 1974-75

OUTWARD
Quarter Means Sum of load Sum of Sum of squared
X JSactors squares deviations
X zXx2? Z(X - X)?
I 67.4875 539-9 39,301.23 2,864.7287
I 713833 856.6 61,574.74 427.7767
III 64.0250 768.3 49,591.79 401.3825
v 63.1667 758.0 48,565.52 776.1867
Total (66.42727) 2,022.8 199,124.28 4,470.0746
Source of variation Sum of squares Degrees of freedom Mean squares
Between quarters 500.58 3 166.86
Within quarters 4,470.07 40 I11.75
Total 4,970.65 43
F 166.86 .
11175 49
HOMEWARD
Quarter Means Sum of load Sum of Sum of squared
X Sactors squares deviations
2X X2 Z(X - X)?
I 52.2250 417.8 25,309.38 3,489.7750
I 58.6917 7043 44,995-13 3,658.5892
III 58.3833 %700.6 43,628.00 2,724.6367
v 70.6333 847.6 62.048.12 2,179.3067
Total (60.68864,) 2,670.3 175,980.63 12,052.3076
Source of variation Sum of Squares Degrees of freedom Mean squares
Between quarters 1,871.45 3 623.817
Within quarters 12,052.31 40 301.308
Total 13,923.76 43
_ 623817 2
" 301.308

consider the extent to which seasonal factors dominate. If seasonal factors are
dominant influences, the variation in load factors between quarters will be large
relative to the variation within quarters. An analysis of variance of the load factors
shown previously is summarised in Table 4. The sums of squares within quarters are
shown in the last column; the intermediate sums of squares are obtained from the
difference between the quarterly means and the overall mean shown in brackets in
the first column. For both outward and inward journeys, the F-ratio of mean
squares is low, indicating no significant difference between the two sources of
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variation.”” Seasonal influences may still exist, particularly with regard to
individual commodities, but the analysis shows that other factors are of equal
importance and that the matter is more complex than the association with other,
more homogeneous markets experiencing fluctuations in demand.

Until the sources of fluctuation in the demand for shipping services are known
precisely, specific policy prescriptions cannot be given. Whatever the result,
however, increased responsibility for remedial action is likely to fall on the
importers and exporters. Most conference agreements now require that shippers
forecast their needs for “some time ahead”. But the difficulty of making such
forecasts, combined with the shipowner’s reluctance to lose custom through
punitive action, renders the provision ineffective. Mediation by third parties, such
as shippers’ councils or shippers’ boards, is likely to be required. In the past, these
organisations have been more concerned with bargaining strategy during rate
negotiations than with cooperative action which is aimed at reducing costs. At least
the various organisations should be made aware that excess capacity is not entirely
under the control of the shipowner. Conferences are equally guilty in their apparent
reluctance to initiate cost-saving changes in the physical distribution of individual
commodities. Further, the closed nature of conferences complicates the cooperative
efforts with conferences operating in opposite directions. ~

Governments should also be made aware of the nature of capacity utilisation in
liner shipping and of the magnitude of the effects of pricing. In the case of
Australia, pricing appears to act as an export subsidy for manufactured items and
as an export tax on many primary products. It is for the government to decide if
indeed these effects are consistent with its policy. Likewise, it is important for
governments to note that both the imposition of a tax on shipowners’ revenue, and
charges designed to recover the cost of maintaining port facilities, fall unequally on
commodities shipped. Even if differential pricing is considered desirable between
public and private goods, a knowledge of the extent of the cross-subsidy effect on
commodities is essential before this application of the pricing policy can be properly
evaluated.
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