THE STRUCTURE OF LINER FREIGHT RATES

A Comparative Route Study

By D. Shneerson*

The transport industry in general, and the liner shipping industry in particular,
are characterised by complex multiple price systems. The process of fixing liner
freight rates was formerly considered a “mystery”, but several recent studies have
attempted to show that liner freight rates can be systematically explained by costs
and demand. All these studies found that the most important factors accounting for
variations in freight rates of individual commodities were the stowage factor (the
ratio of volume to weight) and the unit values of the commodities.! The stowage
factor was found to be the most important single variable in the rationale of freight
rates. This led to a conclusion which “contradicts many of the conventional wis-
doms”, i.e., that in an industry organised in a cartel “‘the most important factor
determining rates is a measure of costs” [4, p. 2]. v

This paper presents another attempt to explain liner freight rates in terms of these
variables. It specifies the relationship of marginal costs at sea and marginal costs in
port to the stowage factor, and the relationship between unit value and the elasticity
of demand for shipping. On the basis of these specified relationships several hypo-
theses are formulated regarding the expected effect of these variables on freight rates.
A comparative route study provides an empirical test of these hyoptheses. The results
demonstrate that we are still in the era of “conventional wisdom”. While demand
plays a major role in fixing rates, misconception of costs as reflected in the use of the
stowage factor in establishing rates is perhaps the practice in most urgent need of
rectification in the pricing system.

*Department of Economics, University of Haifa. This article was prepared by the author at the
Israel Shipping Research Institute, and is based on a Ph.D. thesis written at the London School of
Economics under the supervision of Professors A. A. Walters and E. Bennathan. The author thanks
his supervisors for help and advice, and acknowledges the active support of the 1.S.R.L. The article
has greatly benefited from contributions made by Dr. J. O. Jansson, of The Economics Research
Institute at the Stockholm School of Economics.

1In all these works, freight rates of commodities were regressed on the stowage factor and unit
value as explanatory variables. The first such attempt was made by Benjamin Chinitz [2]. Chinitz,
using a linear version, did not find significant relationships. In 1968 UCLA undertook a comprehen-
sive study to explain the level and structure of freight rates in Latin America trade [8]. On the eleven
trade routes studied, it was found that the stowage factor and the unit value were by far the most
important determinants of freight rates. This result is also confirmed in two more studies: UNCTAD
[9] and T. D. Heaver [4]. Heaver adds to previous analysis the important aspect of cargo balances
over the route.
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THE RELEVANT COST CONCEPT FOR PRICING

The long-run marginal cost (LRMC) is taken as the relevant cost concept for pricing.
Liner freight rates are “sticky”’. Within the time it takes to change freight rates
(which is commonly from three to six months, because of legal obligations to shippers
and because the administrative procedures within the conference are complicated),
there is ample time to make all adjustments in capacity (particularly through opera-
tions in the charter market). All costs are therefore variable.

The unit of output is taken to be the single round voyage of a vessel, so that output
is changed by changing the number of round voyages. Given this and given the
possibility of substituting vessels of different sizes, we can approximate LRMC as a
continuous function of capacity offered.2

An optimal ship will be built for each trade route. As the volume of trade expands,
capacity offered will be increased by increasing the number of voyages of the optimal
ship. We therefore assume constant returns to scale, so that LRMC = LRAC
(long-run average costs).

Costs of a round trip are divided into costs incurred in port and at-sea costs. As
the time of a round trip is of no analytical consequence in our model, costs of a
round trip are minimised when costs of each link are separately at minimum.

We can, therefore, express the cost of shipping the ith article:

LRTC; = Ciin port + (; at sea (1a)
and similarly for marginal costs:
LRMC; = MC; in port + MC; at sea. (1b)

Below, we demonstrate that marginal costs of carrying the ith commodity of each
link can be expressed as a function of the stowage factor of the commodity.

THE STRUCTURE OF PORT COSTS
Costs incurred in port are divided into two parts:
1. The direct handling costs—stevedoring charges.
2. The indirect handling costs—costs of the ship’s laytime in port.3
The handling performance of general cargo is affected by many factors, such as the
age of the vessel, the type of packaging, and weather conditions. Here we attempt to
explain handling costs of individual commodities in terms of a limited number of
physical characteristics—the weight of the package unit, the volume of the package
unit and/or the ratio of unit volume to unit weight, i.e. the stowage factor,
We base our model on the following two common-sense hypotheses:
(a) Given the volume (V) of a package unit, the heavier it is the greater,
ceteris paribus, will be the total weight stowed per hour.
(b) Given the weight of a package unit, the more voluminous it is the less,
ceteris paribus, will be the total weight stowed per hour.

2By defining “narrowingly” the unit of production, and by allowing for the possibility of substitut-
ing different sizes, we overcome the problem of indivisibility.
3This includes other port charges levied according to the ship’s laytime in port.
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Algebraically, we can express these hypotheses:
For a given V(= V):

Qv = W* I<a<l (2)
where @, is quantity in weight tons handled per unit of time, w is the unit weight
and ¢ is constant,
and for a given W(=W):

Qu=2dV"* 0<B<L (3a)
We prefer the exponential function to a simple linear form, since in the linear form
@ will eventually reach zero when ¥ becomes large enough.
These basic relationships can also be expressed in terms of quantity in volume handled.
For a given V, the expression becomes:
Qv = C?WB_I (Qb)
and when W is given:
Qv = aW—l I/I_B (?)b)
The relative importance of the unit weight and the unit volume is more difficult
to ascertain by a priori reasoning. The question is whether their effects neutralise
each other or not: that is, whether for example a doubling of unit weight and unit
volume will leave the number of tons handled per unit of time unchanged. If so, the
ratio of V to W, i.e. the stowage factor, will be a sufficient explanatory variable.
But this is unlikely. Handling of big units is likely to be quicker per ton than of
smaller units. An increase in unit size, given the stowage factor, is expected to lead
to a higher total weight (or volume) handled. Such possible “economies of unit
size” will be reflected in the relationship between the exponents « and B, making «
greater than B. We can see this by expressing @, as a function of both W and V:

Qw == ch V‘B (4)

Substituting the stowage factor § = (711//) we get the following:4

Qu = SFPW P ()
If « = B unit weight will have no effect on Q,. The greater the difference between
« and B, the greater the importance of economies of unit size.

On the basis of this theoretical discussion, we would expect quantities handled
measured in weight tons to be negatively correlated with the stowage factor and
positively correlated with the package unit weight. These relationships were tested
by multi-variate regression analysis, using a function of the basic form:

Q = S*W* (6)
where:
@ = quantity loaded per man hour measured in weight tons.
$§ = the stowage factor of commodities.
W = unit weight of commodities.
¢ = a constant.

Equation (6) was applied to a sample of eight U.S. ports. The data are taken from a

4And accordingly: Qy = V1™ PW® 1 and, substituting the stowage factor: Q, = SIPW*®,
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TABLE 1
Number of Observations in Different Ports

1. New Orleans Commercial 118

2. Baltimore 95

3. New York 90 v
Hoboken 46
Manhattan 19
Brooklyn Commercial 25

4. Army Terminals 83
New Orleans 17
Hampton Roads 39
Brooklyn 27

Total 386

study design to improve productivity [6]. The ports used and the number of observa-
tions in each port are summarised in Table 1.

It was assumed that the structural relationships were similar for all ports. The
differences in the level of productivity were accommodated by introducing dummy
variables.

Equation (7) summarises the results:
log @ = 7-783 Py = 7-233 P, = 7-338 P; = 7-576 P4 — 4610gS + +039 log W
(65-89) (60-43) (53-34) (59-08) (—16-55) (3-07)

R2 = -57 ' (7)
where P;is a dummy variable taking the value of unity for the ith port, and zero for
all other ports (¢ = 1, ..., 4). Numbers in brackets are the ¢ statistics.

All variables are significant at the 1 per cent level and have the expected sign.
According to (7) an increase in the stowage factor of 100 per cent will reduce
throughput per hour by 46 per cent. A similar increase in unit weight will increase
throughput by 4 per cent only.

Commodities were further broken down into three main package types, and within
each type a separate regression was applied. The results are summarised in Table 2.

When the heterogeneity of cargo is accounted for in this way, the regression
equation registers a marked improvement in R2, while the coefficients show a similar
pattern to those of equation (7).

To the extent that cost is reflected in stevedoring charges, we would expect
variations in the stowage factor and unit weight of commodities to account for
variations in stevedoring charges of these commodities. We test this hypothesis on a
sample of 86 observations of the stevedoring tariff for loading in the port of
Rotterdam (effective 3 January 1971). Equation (8) summarises the regression
results:

log R = 7-276 + -221 log S — -088 log W
(66-48) (11-1) (—6-42) R? =69 (8)
where R is stevedoring charges per ton weight and numbers in brackets are the ¢
statistics.
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The stowage factor and the unit weight both have the expected sign; they explain
69 per cent of the variations in stevedoring charges.

Summary

The empirical analysis showed that variations in marginal direct and indirect port
costs (which equal average costs under our assumption) can be satisfactorily ex-
plained in terms of the stowage factor and unit weight of commodities. This can be
summarised conveniently by reproducing equation (4): @, = S*W**®. On the
basis of our hypotheses both « and 8 were expected to be positive and less than unity.
This was confirmed by the empirical evidence. The stowage factor coefficient
(= —B) was tound to be in the region ot —0-2 to —0-5 averaged over all package
types. « appeared to be only slightly greater than B («—f turned out to be around 1).
This implies that the ratio of volume to weight, i.e. the stowage, is the “key” explana-
tory variable, as the “residual’ unit weight coefficient is very small.

THE STRUCTURE OF VOYAGE COSTS

Voyage costs of individual commodities vary according to their stowage factors.
This can be argued as follows. The capacity of a ship has two constraints—weight
(the deadweaight capacity) and volume (the bale capacity). The average stowage
factor, i.e. the ratio of volume to weight of total cargo relative to the ratio of the
ship’s bale capacity to the deadweight capacity, determines whether the trade in
question is a so-called “measurement trade” (where volume is the binding con-
straint), a “‘deadweight trade”, or a trade where both constraints are binding.

A widely used rule is that one long ton equals 40 cubic feet of the ship’s capacity
(we will call this a stowage factor of one). Accordingly, total cargo of which one
long ton occupies more than 40 cubic feet is a “measurement ton”. The unit used
for cargo where one long ton occupies less than 40 cubic feet is the “deadweight ton”.
The marginal voyage costs of different commodities will vary as a function of their
stowage factors. The voyage opportunity costs of accepting a commodity that
occupies 80 cubic feet will (in a measurement trade) be twice that of one that stows
40 cubic feet.

DEMAND FOR SHIPPING

In a competitive market, fully allocable liner costs are expected to account fully for
the structure of freight rates. Liners, however, are cartels. The long-run equilibrium
is characterised by rates that lie above the minimum average costs. Rates are
expected to deviate from costs according to “what the traffic can bear”. A rule of
thumb has evolved of using unit value of commodities as an index for charging
“what the traffic can bear”. This is probably the least-cost solution for obtaining
estimates on elasticities of demand for shipping, as it can be shown that unit value is
inversely related to the elasticity of demand for shipping. We see this by expressing
the elasticity of demand in the following form:s

SFor the development of this expression see [1].
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P, E, -E,
5= (5 77 ) ©)
where :
E, = the elasticity of demand for shipping.
P, = the transport price, i.e. freight rates.
P,, P, = the import and export prices respectively.

E,, E, = the import and export elasticities resepctively.
However, the ability of the conference to exploit demand is limited by two sources
of competition: (1) from other sources of supply; (2) from other modes of transport.
The first element of competition can be accommodated by expressing the elasticity
of demand for imports and supply of exports in terms of domestic supply and demand.
We have:

_ Est - Ede

E, 0.~ s (10)
where:
E, . = the elasticity of imports and exports.
Qs, @i = domestic quantities supplied and in demand.
E,, E; = elasticity of domestic supply and demand.
Substituting (10) in (9) we get:
P [ (EfQs — EiQu)/(Qs — Qa) - (E3Q7 — EZQ)/(QF — Q3) an
E = P, 1
© P | (B2 — ESQR)(QF — Q) p (E:Q — ExQ2)/(Q: —Qu)

where the notation 1, 2 refers to the two trading countries.

Qs can now be interpreted as the sum of all supplies from other sources than the
exporting country. For a country enjoying a monopoly power over a certain com-
modity in the export market, @, is large relative to @4, and this has the effect of
lowering the elasticity of demand for shipping. On the other hand, a conference
carrying a commodity of which a negligible proportion is exported will face a
perfectly elastic demand for that commodity. Table 3 gives alternative values of E,
for different “shares” of commodities exported, while other determinants remain
constant. Competition from tramps, independent liners and airlines will also set a
limit to the ability of the conference to increase freight rates.

EXPECTED EFFECT OF STOWAGE FACTOR AND UNIT VALUE

We have attempted to explain freight rates of individual commodities by their
respective marginal costs and elasticities of demand. We now use the theory and
empirical results to form certain expectations with regard to the impact of these
factors on rates under different circumstances. A comparative route study will
provide a test of these hypotheses.

We may start by arguing that in a “measurement trade”, that is, a trade con-
strained by volume, the stowage factor of a commodity affects both its handling
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TABLE 3
Py “Share” of
k= Pa Es Eq4 commodity E;
exported
1 0-5 —-0:5 3 —0-17
P 05 —05 5 —1-2
1 0-5 —05 it —12-0
3 05 05 1060 —111-0

costs and the at-sea costs of carrying it. The aggregate effect of the stowage factor on
marginal costs can be viewed as a weighted sum of its effect on handling costs and
transit costs, the weights being time spent in ports and time at sea.

The crucial point is that at-sea costs and port costs differ in their responsiveness
to the stowage factor: this enables us to form certain expectations that can be tested
in a comparative route study. The elasticity of voyage costs with respect to the
stowage factor is unity. A doubling of the stowage factor will double at-sea costs
measured in weight tons, as the commodity will occupy twice the space. The port
cost[stowage factor elasticity according to the empirical results is in the range of
0-2 to 0-5, and is certainly less than unity.

The established relation between these two elasticities and the stowage factor
makes it possible to predict the relative effect of the stowage factor on unit costs in
three different comparisons:

(a) The short and the long haul.
(b) The “fat” and the “thin” legs of the route.
(c) A “measurement trade” and a “deadweight trade”.

(a) The effect of the stowage factor on unit costs will be greater for the longer route,
because a larger proportion of time is spent at sea. The weight of the voyage costs
link is the greater, and this is more sensitive to variations in the stowage factor.

(b) The trade of liners is typically unbalanced. The full economic costs of providing
shipping capacity should be borne by the fully loaded leg. As long as unutilised
capacity is available, the only additional resources that are used for carrying cargo
on the return leg are those associated with the handling of cargo. Costs per weight
ton, in this case, vary as a result of port costs only. Clearly, the stowage factor is
expected to have a greater impact on costs on the “fat” leg.

(c) The effect of variations in the stowage factor on costs will be greater in
a “measurement trade” than in a trade constrained by weight. In the latter, the
stowage factor will have no effect on at-sea costs: it can only affect costs in ports.
Unit value of commodities does not summarise all the factors shaping the demand
for shipping. Competition over the route—from other modes of transport and from
other sources of supply—will operate in the direction of increasing the elasticity of
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demand for shipping and will set limits to the ability of the conference to discriminate.
It is expected that the importance of unit value as an explanatory variable of freight
rates will vary according to the degree of competition over the route. On a route
dominated by tramps, for example, no relationship is expected between the unit
value and freight charges.

These predictions were tested on a comprehensive set of data pertaining to trade
to and from Thailand, Singapore and Israel. The Thailand and Singapore data
include sixteen trade routes each (both inbound and outbound routes) and the
Israel data comprise ten trade routes, giving a total of 42 trade routes studied.s

The basic equation that is used is:

FC = aV*s® (12)
where FC is the freight rate per weight ton, Vis the unit value of commodities and
S is the stowage factor. The choice of the exponential function is due to the form of
relationship found between handling costs and the stowage factor, and to our
a priori assumption regarding the asymptotic nature of freight rates with respect to
unit value. It is assumed that the effect of competition will be best represented by
employing a function that “tapers off”” with the increase in unit value.”

Our hypotheses for all the routes are that:

(a) Freight rates are positively correlated with unit value, but the degree of
association varies with the degree of competition over the route.

(b) Freight rates are positively correlated with the stowage factor of com-
modities.

(c) The effect of the stowage factor on rates will be greater on the “fat leg”
of the route.

(d) The effect of the stowage factor on rates will increase with the increase

in distance.
Two additional explanatory variables were tried. Quantity was added as an
explanatory variable to the regression of the Singapore data. Cargo shipped in large
quantities is expected to be more vulnerable to tramp competition. On the basis of

6The data for South-East Asia are taken from an unpublished report by E. Bennathan and A. A.
Walters on freight rates in South-East Asia. Commodities were selected, for both South-East Asia
and Israel, in a random sample using the respective national trade statistics. Freight rates were
taken from tariff books. All rates were converted into weight tons. Unit values were taken from trade
statistics. For the stowage factor, several sources were used: (1) R. E. Thomas’ Stowage; (2) Gerd
Buss: Stowage Factor; (3) Maritime Freight Rates in the Foreign Trade of Latin America, Economic Com-
mission for Latin America, E/CN. 12/Rev 1. 24 Nov. 1970, Annex IX. The measurement of cargo
balances presents several difficulties. First, it is the entire loading and discharge area that should be
considered. Second, since all trade routes under study were ‘“measurement trades”, cubic balances
should be taken. Cubic balances were calculated by multiplying cargo flow of the entire route
measured in weight tons by the average stowage factor of the route (calculated from a sample of
commodities). Several sources were used for the calculation: (1) Croner’s World Directory of World
Conferences; (2) a survey of cargo loaded and discharged in Bangkok; (3) information provided by
Heaver’s study of the North American Trans-Pacific Trade [4]. In the case of the Israeli trade,
information was conveyed by the shipping lines.

7A linear form was also tried. In most cases, the results of the log form were superior.
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this, a negative correlation is expected between freight rates and quantity carried.
As Table 6 shows, the quantity variable was insignificant in most cases. This may be
partly explained by equation (10), which indicates that an increase in quantity
exported will lower the elasticity of demand for the commodity. A commodity
shipped in large quantities (Brazilian coffee, for example), enjoying a high degree of
monopoly power in the export market, may be able to sustain a higher freight rate,
thus negating the effect of tramp competition. The unit weight variable was also
tried on the route western Europe/West Indies (which included the port of Rotter-
dam at one end). It was found insignificant, and the results are not included in the
discussion.

The results for the three countries are summarised in Tables 4 to 6. An analysis
of these tables shows that the stowage factor and the unit weight gave a reasonably
satisfactory explanation of variations in freight rates. In 24 out of 43 equations,the
coeflicient of determination (R2) took values between 0-55 and 0-82. Only in 11 cases
did it fall below the level of 0-4.

Hypothesis (a) was generally confirmed by the results. In all cases except one
the unit value coefficient had the right sign; and it was insignificant at the 5 per cent
level in only 8 out of 43 cases. The variations in the unit value coefficient generally
conform to the state of competition over the routes. The coeflicient took a low value
or was insignificant on routes with intensive competition. It is interesting that, with a
few exceptions, the unit value coeflicient took a low value on the short hauls.8 This
may reflect the presumption that competition on short hauls can be organised more
easily.

Hypothesis (b) was also confirmed by the results. In all except two cases, the
stowage factor coefficient was positive and less than unity. It was significant at the
5 per cent level in 37 out of 43 equations. Using the partial correlation coefficient
as a rough indicator to the importance of the contribution of each explanatory
variable, we may say that the stowage factor is by far the greatest determinant of
freight rates.?

Hypothesis (c) was not confirmed by the results.

Table 7 summarises cargo imbalances measured in cubic feet for Thailand’s trade
(the method of calculation is described in footnote 6). In the case of Israel, all
routes covered showed a marked excess of inbound cargo (private information

8Seven out of the 8 cases are classified as short hauls. This includes the trade routes from Bangkok
and Singapore to India. The lowest value was on the route Bangkok/Singapore, which was not
organised under any formal agreement.

9But two aspects of the behaviour of the stowage factor coefficient deserve special attention. First,
we would expect Singapore and Bangkok to be part of the same route structure, at least for the long
trade routes, e.g. U.K. and U.S. If so, the cost of ship space should be comparable and the coefficient
similar. This is not borne out by the results. The explanation may be that the route Singapore—
Bangkok was not organised under any formal rate agreement: most of the cargo was carried by
independent liners and tramps. This may also explain why the stowage factor coefficients differ
when we compare the two sets of results from Singapore and Bangkok. As the sample of commodities
for these two countries differs, the results may pertain to entirely different situations, that is, different
firms, different types of vessels, etc.
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TABLE 6A

Singapore Exports

Regression Results: log FC = log a + b7 log V + by log S + b3log Q + log e

Exports from Number of

Singapore to observations Constant log V log S log Q R

Hong Kong 140 0-751* 0-387 0-619 0-055* 0-59
(1-48) (7-39) (6-12) (1-49)

Bombay 50 —0-482* 0-632 0-210%* 0 -033* 0-55
~0-42) (5-21) (0-91) (0-45)

Calcutta 50 0-036* 0-587 0-290* —0-011%* 0-73
(0-04) (5-53) (1-40) (—0-18)

Bangkok 81 2-59 0-071%* 0-785 —0-040* 0-56
(3-48) (0-92) (7-11) (—0-82)

Japan 66 0-715% 0-459 0-594 0-022%* 0-65
(0-87) (5-90) (2-83) (0-43)

UK. 73 2-79 0-276 0-662 —0-024* 0-76
(7-41) 7-05) (6-66) (—1-13)

U.S. (Atlantic) 57 4-43 0-107 0-694 —0-069 0-65
(9-91) (2-22) (6-43) (—2-95)

U.S. (Pacific) 55 4-18 0-115 0-813 —0-063 0-71
(9-68) (2-42) (7-26) (—2-75)

*Not significant at the 5 per cent level.
Numbers in brackets are the ¢ statistics.

conveyed by the shipping lines). Data for Singapore were not sufficiently reliable,
so Singapore was excluded from the analysis.

In view of these cargo balances, it is evident that the regression results fail to bear
out our predictions regarding the likely effect of the stowage factor. There is no
evidence that the stowage factor coefficient on ‘““fat” legs is greater than on ‘“‘thin”
legs. In fact, in most cases the opposite holds: the stowage factor coefficient is higher
on the “thin” leg.

Hypothesis (d) expects the stowage factor coefficient to increase with distance.
Table 8 ranks the routes according to the distance travelled. The effect of distance on
the stowage factor coefficient is not borne out by the results. We would expect it to
increase with distance, while there appears to be no relationship between the stowage
factor coefficient and distance.
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TaBLE 6B

Singapore Imports

D. Shneerson

Imports to Number of _
Singapore from observations Constant log V log S log Q R2

Hong Kong 72 2-413 0-220 0-396 —0-025* 0-39
(5-02) (3-83) (2-98) (—0-82)

Bombay 39 3-350 0-142% 0-672 —0-049* 0-52
(3-85) (1-59) (3-86) (—0-81)

Calcutta 41 4-746 —0-029* 0-586 —0-047* 0-44
(6-52) (—0-40) (5-31) (—0-87)

Bangkok 36 2-462 0-113% 0-454 —0-050* 0-43
(4-44) (1-82) (2-27) (—1-56)

Japan 253 1-620 0-339 0-754 —0-004* 0-75
(5-59) (10-85) (12-34) (—0-22)

U.K. 84 2-05 0-343 0-807 —0-003* 0-82
(3-76) (6-19) (8-41) (—0-09)

U.S. (Atlantic) 56 4-153 0-184 0-426 0-017* 0-54
(7-48) (3-16) (4-06) (0-50)

U.S. (Pacific) 57 4-283 0-116 0-819 0-010% 0-65
(8-11) (2-09) (6-58) (0-21)

*Not significant at the 5 per cent level.

Numbers in brackets are the ¢ statistics.

TaBLE 7

Cargo Flow on Conference Liners on Routes to and from Thailand

Route Outbound Inbound
Cubic feet Cubic feet
U.S. Pacific 443,898 1,654,296
U.S. Gulf and Atlantic 1,117,840 1,643,234
Japan 7,673,490 8,436,514
Bay of Bengal 2,734,882 —
U.K. and Europe 4,342,140 4,673,457
Singapore 3,085,670 694,336
Hong Kong 2,983,032 75,650
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TaBLE 8

The Stowage Factor Coefficient and Distance

Routes Distance Stowage Factor
(Nautical miles) Coefficient *
Bangkok
Singapore 800 0-451
Hong Kong 1,489 0-227
Calcutta 2,475 0-562
Japan (Tokyo) 2,991 0-255
Bombay 3,285 0-361
U.K. (London) 9,290 0-398
U.S. (San Francisco) 7,900 —0-207
U.S. (New York) 11,700 0-346
Israel
U.S. North Atlantic 5,575 0-669
South Africa/Eilat 5,200 0-335
CONEC 4,144 0-374
U.K. 3,400 0-400
Adriatic 1,643 0-396
Tyrrenian 1,589 0-286
Marseilles 1,420 0-291

*The stowage factor coefficients are those of the “fat” leg. On ‘“‘thin” legs distance will have no
effect.

CONCLUSIONS

The empirical results demonstrate that demand plays a role in fixing rates. Unit
value of commodities gives a consistent explanation of freight rates for individual
commodities. It also gives a fair indication of the state of competition over the routes.

The stowage factor appears to be an even more important explanatory variable
for freight rates. That its effect on rates reflects underlying costs has not been estab-
lished. Rather, there appears to be a misconception of costs and a certain degree of
arbitrariness in the use of the stowage factor for fixing rates. This has been demon-
strated by the results of the comparative route study.

It is also supported by the application of the so-called “freight ton” thinking. The
“freight ton” (or the “‘revenue ton”) is the unit in which cargo is measured, mostly
for the purpose of applying freight rates. Accordingly, high density cargo is usually
quoted on a “W” basis and low density cargo on an “M” basis.10 A group of in-
between cargoes move on a “W/M” basis—whichever gives the higher revenue.

Two related aspects of freight ton thinking reveal inefficiencies. First, for the
purpose of fixing rates, the consensus appears to be that commodities with a stowage
factor greater than 1 should pay according to the volume they occupy per unit
weight. On the other hand, high density cargo, that is, commodities with a stowage

10There are, however, several exceptions to this rule.
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factor less than 1, do not incur “volume costs”. They pay according to their weight,
irrespective of the volume they occupy within this range. But this method of charging
does not reflect the opportunity costs of commodities carried. If measurement is the
binding constraint of the trade, all commodities, including those with a stowage factor
less than 1, should be charged according to the stowage factor. Clearly, the oppor-
tunity cost of a commodity with a stowage factor of one half is higher than the
opportunity cost of a commodity with a stowage factor equal to one quarter.

Another manifestation of this misconception is the use of freight tons in measuring
the volume of trade. Accounting practice is to measure the total tonnage carried
by adding weight tons (when the stowage factor is less than one) to measurement
tons (when it is greater than one). This practice tends to overstate the actual tonnage
carried. Again, if volume is the binding constraint, quantities with a stowage factor
less than one should also be measured by measurement tons and should be given a
“weight” less than one.
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