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ABSTRACT: This paper attempts to estimate the commodity structure
of ocean transport charges: the relation between the characteristics of
commodities and the charges for shipping them. The purpose is to
provide a method of estimating such charges for use in models of
world trade, to explain which goods will enter international trade, and
how much trade will take place in the commodity in general and
between particular countries. Because comprehensive transport price
data are not available we have used actual charges for individual
shipments to construct a model of commodity differences in
rates. § We find that the main determinants of rates, which make up
our estimating equation, are the value per ton of a-commodity, its
bulkiness (cubic ft. per ton), the distance over which it is shipped, the
prevalence of small individual shipments, and the possibility of ship-
ping the product by tanker. We found no evidence that rates on
exports from the United States were higher than on exports of other
developed countries, once commodity and route characteristics were
taken into account. There was some weak evidence that products
shipped mostly by liner carried relatively high charges and that an
export surplus on a shipping route led to lower rates on imports than
on exports.
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INTRODUCTION

This paper' attempts to give some empirical content to the idea of a
commodity structure of ocean transport prices that helps to determine
which goods will enter international trade, what proportion of the total
output of a commodity will be traded, and which countries will be
exporters and which will be importers of each commodity. There are no
comprehensive, publicly available data on actual transport charges in
international trade.? Requiring such information as an element in the
explanation of the pattern of trade, by commodity, we have attempted to
quantify the main factors underlying commodity differences in the price of
transport and thus to provide a method of estimating the price of ocean
transport for each commodity. We have done this by examining two
bodies of data on actual transport charges and generalizing from them, as
well as we can, about the determinants of these charges. However, we
. were not primarily interested in the factors determining the level of ocean
transport charges or changes in that level over time, differences among
routes or among ports, or the effect of shipping conferences on rates.

Several empirical models of international trade flows, attempting to
explain the volume of total trade between two countries, have used
distance as a proxy for various barriers to trade, of which transport cost is
one. A study by Tinbergen, for example, explained the size of the trade
flow between any two countries by the GNP of each and the distance
between them, assuming that distance was a rough measure of transport
cost, although it could also stand for an index of the amount of information
on export markets.? Distance proved to be a significant variable, with the
appropriate negative sign in almost all of his equations.

Linneman, in a much more elaborate study that included income,
population, and several variables for various preferential trading arrange-
ments, also found distance to be an important and significant negative
influence on the amount of trade between countries.*

Several other similar models of trade based at least partly on distance,
but including other variables such as income, membership in preferential
market areas, and the total level of each country’s exports and imports,
have been described by Taplin and by Leamer and Stern.’ The only
instance we found of an attempt to introduce cost rather than distance was
in a study by Beckerman in which a crude ordering of country pairs by the
cost of transportation between them, based on differences between expor-
ters’ valuations (excluding transport and insurance charges) and importers’
valuations (including transport and insurance charges), was used to explain
trade patterns within Europe.®
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DETERMINANTS OF THE PRICE OF TRANSPORT—
THEORETICAL CONSIDERATIONS

Most theoretical explanations of the structure of ocean transport charges
deal with supply elements, listing the factors that determine the cost of
producing these services. Some of these relate to commodity characteris-
tics and others to characteristics of particular shipping routes. We are
mainly interested in the former but we have attempted to introduce the
latter, where possible, to insure that their presence will not bias our
estimates of the effects of the commodity characteristics.

Among the commodity characteristics are the stowage factor (that is, the
number of cubic feet of shipping space taken up by one ton of a
commodity); the possibilities of shipping the product in bulk using
specialized vessels, or for using tramp rather than liner shipment; the ease
of loading or unloading; the fragility of the product or its susceptibility to
deterioration; and the average size or shipping weight per shipment. Size
of shipment is important because small shipments require additional labor
costs, such as extra handling, for a given amount of weight.

Among the route characteristics are the distance of shipment, the costs of
loading and unloading in particular ports, the degree of competition
among shipping lines, and the extent of any imbalance of trade between
outbound and inbound shipments.” The significance of the last factor is
that it might cause severe competition for freight, and therefore lower
charges, in the direction of less trade.

If the shipping industry were perfectly competitive and we were willing
to treat shipping services as homogeneous, at least within liner or tanker
shipping, we could ignore demand factors, since we are interested prima-
rily in the structure of rates at one time rather than in changes over time.
However, it is well known that the unit value (value per ton) of the
commodity to be shipped is an important determinant of ocean transport
charges. It is difficult to explain a strong positive relationship between the
unit value of commodities and transport charges per ton by any cost
factors. The only clearly positive relationship between the unit value and
the cost of producing transport services is based on the cost of insurance,
which is included in our measure of transport cost. Insurance cost may
appear either as a specific payment or as the need for stronger guarantees
of the quality of service necessary to obtain the business of shipping
valuable commodities. However, the cost of insurance is only a small part
of transport cost, and since it depends on many factors other than unit
value, one would not expect the relationship between unit values and
insurance cost to account for a large part of the variability of transport
charges. In fact, evidence from the United Nations’ Latin American freight
rate study,® referred to below in the section on comparisons with other
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results, indicates that insurance charges could account for no more than
.02 or .03 of unit value coefficients which we found to be in the
neighborhood of .50.

If shipping is subject to monopolistic pricing, mainly through the opera-
tion of shipping conferences and barriers to entry, a positive relationship
between unit values and transport charges could result from price dis-
crimination since the demand for transport services is likely to be more
inelastic for higher-valued commodities than for cheaper ones. That is, if
one commodity is more expensive per ton than another, a given rise in
transport cost per ton will add less in percentage terms to its price than to
that of the cheaper product. If the elasticity of final demand is the same for
both commodities, then sales, and therefore the purchase of transport
services, will decline less for the more expensive product. Thus, the
elasticity of the derived demand for transport services will be lower for the
expensive product, and the difference in the elasticities provides the
opportunity for discriminating carriers to charge higher freight rates on the
more expensive products. _

Our model of the determination of transport charges in a cross-section of
commodities and trade routes therefore assumes that these charges are a
function of a variety of cost elements on the supply side and of the
elasticity of demand for ocean transport, the unit value of the commodity
being the determinant of the demand elasticity. To our data on transport
charges for particular shipments we have thus fitted equations using unit
value and several other characteristics of commodities and those of trade
routes. The basic data are from a Census Bureau study of the differences
between two methods of valuation for U.S. imports: the official valuations
(those reported on customs documents, chiefly value at the point of
shipment, excluding freight and insurance) and the value at the point of
entry into the United States, including freight and insurance. The difference
between these two values, with some adjustments, is our measure of
transport charges. Supplementary data, referred to hereafter as ‘‘bidding
data’’ and used as a check on the Census data, are from an earlier National
Bureau study of international price competitiveness. Both data sets are
described more fully in the appendix. Since the Census data are broader in
commodity coverage, they are the basis for most of the conclusions that
follow.

TRANSPORT PRICE ESTIMATING EQUATION

The basic estimating equation for the price of transport, based on Census
data for U.S. imports, treats the transportation charge per ton as a function
of the unit value, the distance shipped, the stowage factor for the commod-
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ity, a dummy variable for products that are at least to some extent shipped
by tanker, and a dummy variable for small shipments, which we define as
shipments under one ton in weight. All the coefficients for these variables
were statistically significant at the 5 per cent confidence level and all had
the signs that would be expected. Some other variables that were tested,
but not finally accepted for the estimating equation, are discussed below.
The estimating equation,® with all variables in logarithmic form, is:

(1) FR=-353+ 52Uv+ .30DI + .355T + 305w —  51TA
(57.35) (13.51) (18.18)  (6.22) (12.25)

R = .81

where FR is the transport charge (in $ per ton), UV is unit value ($ per ton),
Dl is distance (nautical miles), ST is stowage (cubic feet per ton), SW is a
dummy variable for a shipment of less than one ton, and TA is a dummy
variable for a product that was in some instances imported by.tanker.
Figures in parentheses are t-values for the coefficients.

The equation states that a long distance from origin -to destination,
bulkiness (volume per ton), and smallness of a shipment all add to the
price of transport per ton, presumably by raising the cost. The feasibility of
shipment by tanker reduces the price. High value per ton raises the price of
transport, and this is the strongest relationship of all.

The degree of our success in matching the actual determinants of
transport charges can be seen in Table 1, which compares the rates
estimated from equation (1) with the reported charges for those Standard
International Trade Classification (SITC) groups in which we had at least
thirty observations. Some wide discrepancies are evident, and for a few of
them explanations come readily to mind. For example, we have no
variable to take account of fragility or likelihood of damage in shipment,
except to the extent that value per ton serves as a proxy for these
characteristics; and that omission probably accounts for the underestimates
of transport charges on glassware and pottery and possibly for those on
alcoholic beverages and toys and games.

For some purposes interest in transport costs is centered not on the
freight rate (cost per ton) but on the freight factor: the ratio of total freight
payments to the total value of the shipment. The freight factor may be a
better measure than the freight rate of the influence of transport costs as a
barrier to trade and would be useful also for estimating aggregate transport
costs if value data, but not tonnage data, were available.

An equation for freight factors could presumably be estimated directly,
but in these logarithmic equations, freight rate and freight factor equations
are both linear, differing only in one coefficient.



TABLE 1 Reported and Estimated® Transport Charges: Averages by
Commodity Groups® (dollars per metric ton) '

Average of Average of
Reported Estimated
SITCe Charges Charges
011 Meats, fresh, frozen, etc. 87 66
013 Meats in containers, meat prep., etc. 50 . 64
031 Fish, fresh, frozen, etc. 69 65
051 Fruit, fresh, and nuts, fresh or dried 24 27
061 Sugar and honey 8 10
071 Coffee 40 52
081 Feeding-stuff for animals 25 20
112 Alcoholic beverages . 64 50
231 Crude rubber 51 44
262 Wool and other animal hair 90 103
281 lron ore and concentrates 2 2
283 Ores and concentrates, non-ferrous 5 4
331 Petroleum, crude and partly refined 2 3
332 Petroleum products 2 2
422 Fixed vegetable oils, exc. soft 15 29
512 Organic chemicals 31 30
631 Veneers, plywood board, etc. - 39 34
653 Textile fabrics, woven, exc. cotton 87 105
664 Glass 33 29
665 Glassware 173 87
666 Pottery 92 60
674 lron and steel plates and sheets 19 14
‘732 Road motor vehicles 130 109
841 Clothing 254 260
851 Footwear 196 171
861 Scientific, medical, etc., inst. and appar. 319 311
894 Toys, games, sporting goods, etc. 270 . 189
899 Manufactured articles n.e.s. 201 169

®Estimated from equation (1).
PAverages are geometric means.
cAll groups with thirty observations or more. Some of the SITC titles are abbreviated here.

Thus, if the freight rate equation is

log FR=a + b log UV +c log DI +d log ST
implying, in arithmetic form:

FR = aUV® DIeST4
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the freight factor equation is

log FF =a + (b — 1) log UV + ¢ log DI +d log ST
implying, in arithmetic form,

FF = aUV®=! Dfe ST¢

and our estimating equation for freight rates can easily be transformed into
an estimating equation for freight factors. This is, in fact, how we derived
the freight factor equation used for Table 2, which lists the actual and
estimated freight factors. We can use these estimated transport costs of
individual commodities as a variable to explain trade flows or, as an
alternative, we can use them to turn price relationships among exporting
countries at the point of export, excluding transport charges, into delivered
price relationships, including transport charges. A number of studies have
used export unit values to represent prices of exporting countries,’® and
some more recent work has involved the calculation of actual price levels
for goods offered in international trade.” In both cases the comparisons
involve prices exclusive of transport charges. However, one would expect
that purchase decisions are based on delivered prices, so that equal U.S.
and U.K. export prices, for example, would mean that the U.S. supplies
Canada but the U.K. supplies Ireland.

The equations derived in this paper permit the analyst to transform prices
or price ratios excluding transport charges into delivered prices or ratios
applicable to individual markets by inserting the appropriate values for the
independent variables. Even if no relative price data exist, the freight
factors derived from these equations provide estimates of that part of
differences in relative delivered prices that could be accounted for by
transport charges, if these costs are borne by purchasers. Thus if we
assumed that prices from different suppliers to one market were identical
before transport charges were added, w could estimate the relative differ-
ence in delivered prices between one supplier and another. If we assumed
that delivered prices in a market were identical, we could estimate relative
differences in prices at the point of shipment.

TESTS OF THE ESTIMATING EQUATION

Comparisons with Bidding Data

Since the structur of transport charges in U.S. import trade, to which the
Census data relate, could be quite different from that on other trade routes,
we. are fortunate to have a completely independent ource of data, for
different years and different routes, with which we can compare the results



TABLE 2 Reported and Estimated® Freight Factors: Averages
by Commodity Groups (percentage of
value of shipment)
Average of Average of
Reported Estimated
Freight Freight
SITCP Factors Factors

011 Meats, fresh, frozen; etc. 11 8
013 Meats in containers, meat prep., etc. 4 5
031 Fish, fresh, frozen, etc. 7 6
051 Fruit, fresh, and nuts, fresh or dried 13 15
061 Sugar and honey 7 8
071 Coffee "5 6
081 Feeding-stuff for animals 18 14
112 Alcoholic beverages 9 7
231 Crude rubber 13 1
262 Wool and other animal hair 5 6
281 lIron ore and concentrates 26 29
283 Ores and concentrates, non-ferrous 14 11
331 Petroleum, crude and partly refined 15 19
332 Petroleum products 14 16
442 Fixed vegetable oils, exc. soft 6. 11
512 Organic chemicals 4 4
631 Veneers, plywood board, etc. 16 14
653 Textile fabrics, woven, exc. cotton 6 7
664 Glass 14 12
665 Glassware 11 6
666 Pottery 12 8
674 lron and steel plates and sheets 11 8
732 Road motor vehicles 9 7
841 Clothing 5 5
851 " Footwear 7 6
861 Scientific, medical, etc., inst. and appar. 2 2
894 Toys, games, sporting goods, etc. 9 6
899 Manufactured articles n.e.s. 9 8

®Estimated from equation (1).
YAll groups with thirty observations or more. Some of the SITC titles are abbreviated here.

from the Census data. The equation from bidding data, which covered
exports by the United States and other developed countries mainly to
less-developed countries, particularly in Latin America, during 1953-64,

was

()

FR=-495+ 70UV + .34DI +
(28.23) (6.93)

.508T

R = .59
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The variables for small shipments and tanker shipment do not appear in
this equation because no such shipments were included in these data. The
other three variables were statistically significant, as in the Census data,
and had the same sign. However, the coefficients were all higher in the
bidding data, .70 against .52 for unit value, .34 against .30 for distance,
and .50 against .35 for stowage.

We pooled the two sets of data to test whether the level and the structure
of rates implied by the bidding data were significantly different from. those
derived from Census data. An equation containing only a dummy variable
for bidding data, implying that the other coefficients were assumed to be
identical in the two sets of data, was (in logs):

(3) FR=-361+ 53UV+ .37ST+ .30DI+ .27SW —  48TA
(63.71) (21.26)  (14.80)  (5.96) (12.15)
+ 678 R2= 81
(23.52)

where B is a dummy variable for bidding data and the other variables are
those defined for equation (1). The level of rates, on the a sumption that the
coefficients for UV and other variables are identical in the two data sets, is
significantly higher in the bidding data than in the Census data. However,
the other coefficients can be tested by inserting cross-product variables,
multiplying B by each of the others. The cross-product term for distance
did not appear to be significant and was dropped, leaving as the resulting
equation:

4 FR=-356+ .52UV+ .355T + 31Dl + .308W - S51TA

(60.46) (19.14)  (15.24)  (6.57) (12.89)
- 1.11B+ .17Bx UV) + .14(B x ST) R = .81
4.11)  (5.41) (2.77)

which implies that both the unit value and the stowage coefficients were
significantly higher in the bidding data than in the Census data, whereas
the constant term was significantly lower.

The bidding data thus confirm the choice of variables but suggest
different values for some coefficients. A number of possible interpretations
of these differences are discussed below.

Tests with lndependeht Unit Value Data

A basic problem in our estimating equation is that the freight rate and the
unit value are both variables that have the weight of the shipment in their
denominator; that is, freight rate is computed by dividing the total freight
cost by the weight of the shipment, and unit value is computed by dividing
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the total value of the shipment by the weight of the shipment. If there were
significant errors of measurement in the weight variable, they could have
biased both the unit value coefficient and the correlation measure. The
extent of the bias would depend on the characteristics of the errors; for
example, the correlation between the errors and the true values of the
variables. To check for possible bias from this source, we collected
published value and quantity data and calculated independent unit values
for the commodities and countries in our transport charge data, as de- -
scribed in the appendix, matching the SITC categories in our transport
charge data to those of the published value and quantity data. The number
of independent unit values was, of course, smaller than the number of our
original observations because the independent unit values represented
whole commodity groups rather than individual shipments.

We then calculated regressions with the logarithms of the independent
unit value, distance, and the stowage factor as independent variables, as
well as, in the Census data, dummy variables for small weight and tanker
shipment, and the logarithm of the transport charge as the dependent
variable. These results are compared with the original equations in Table
3.12

We were concerned that our unit value coefficient obtained from the
whole data set might be biased by errors in the measurement of weight, but
as noted in Table 3, the magnitudes and signs of these coefficients based
on the two sets of unit value observations are very similar. In the Census
data the unit value and distance coefficients are almost unaffected by the
substitution of the independent unit values (they change from .52 to .50
and .30 to .32) and the stowage coefficient is unchanged. Only the small
shipment and tanker coefficients are altered substantially. The small ship-
ment coefficient may pick up some of the variation artificially excluded
from the unit value variable because. the unit values from the published
data, matched only to the country and commaodity of each freight rate, are
identical for several observations.

The bidding-data coefficients change more significantly, the coefficients
for unit value and stowage declining and becoming closer to those from
the Census data and that for distance increasing and differing by more than
originally from the Census results. We suspect, from the change in the unit
value coefficient, that some bias from measurement errors may have been
present in the initial result. It is not surprising that the bidding data were
more subject to this defect because many of the shipping weights were
estimated, whereas those used for the Census equations were part of the
original data set.

The adjusted R? decreased in each case, as we would expect, since we
substituted the average unit value of a commodity group for unit values
-specific to individual shipments. In this way we ignored some known




TABLE 3 Comparison between Regressi\on Coefficients
Based on Original Unit Values and Coefficients
Based on Independent Unit Values

Equation Intercept UV ST DI Sw TA R?
Census Data
(1) -3.53 .52 .35 .30 .30 -.51 .81
(57.35) (18.18) (13.51) (6.22) (12.25)
(5) —2.34 .50 .35 32 72 —-.57 .75

(42.33) (15.299 (12,500 (13.53) (11.82)

Bidding Data
(2) —4.95 .70 .50 .34 ] .59
(28.23) (13.08) (6.93)
(6) —4.30 .68 .49 .28 .58
(26.38) (12.29) (5.12)
(7) —4.93 .58 44 45 .47

(19.64) (9.56) (7.33)

(1) Original data, 2,889 observations.

(2) Original data, 835 observations.

(5) Independent unit values.

(6) Original data for which matching independent unit values were available, 756 observations.
(7) Independent unit values.

variation in the independent variable that we knew was associated with
some of the variation in the dependent variable.

On the whole, then, the Census-data equations passed this test quite
successfully, and we feel fairly safe in proceeding on the assumption that
the problem of biased coefficients is negligible in the Census data and is of
some, but not major importance, in the bidding data.

Non-Linearity and Heteroscedasticity

We have fitted linear equations in logs although there is no strong
theoretical basis for the linear form. The recent UNCTAD study, described
more fully below, used linear arithmetic equations that we found to
produce a much poorer fit and unstable coefficients. It is quite possible, of
course, that a more complex function would give a still better fit than the
log linear function, and to examine that possibility we tested the estimating
equation for signs of non-linearity. The method was to split the sample in
half according to the ranking of several variables, asking, first, whether the
coefficient for a variable among the observations with larger values for the
variable was significantly different from the coefficient among the observa-
tions with smaller values, and second, whether coefficients for indepen-
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dent variables differed significantly between commodities carrying lower
transport charges and those bearing higher rates. The most convenient way
to perform the tests was to assign a dummy variable to that half of each
distribution which contained the larger observations and introduce into the
equation cross-product terms between that dummy variable and each
independent variable. Thus, for example, if we defined LU as the dummy
variable for large unit value (that is, higher than the median unit value), we
introduced a term (LU) (UV) into the equation. A positive and statistically
significant coefficient for (LU) (UV) would indicate that a given percentage
difference between two unit values was associated with a larger percentage
difference in freight charges among more expensive goods than among the
cheaper products.

The results of these tests, summarized in Table A3 in the appendix,
suggest that there were some statistically significant differences in
coefficients, but that permitting slopes to vary in the two halves of the
distributions would, in most cases, produce little improvement in the fit of
the equation and change the coefficients only slightly.

The separation by size of unit value (equation 26) has comparatively
little effect on the coefficients but indicates that a given percentage change
in unit value adds less to the freight charge at higher unit values than at
lower ones. The breakdown by stowage factor (equation 27) suggests that
the impact of bulkiness on freight rates is greater among bulky com-
modities than among less bulky ones. The distance breakdown (equation
28) indicates that the effect of a given percentage change in distance is
smaller among long voyages than among short ones. In none of these cases
did the addition of the dummy variable raise the R? substantially, even
though all the dummy variables were statistically significant at the 5 per
cent level.

A greater effect on the coefficients was produced by separating the group
into high and low transport rates, the dependent variable (equation 29).
The higher R? is meaningless since transport cost was, to some extent,
being placed on both sides of the equation. The equation does suggest that
stowage affected transport charges much more among commodities with
high rates than among those with low rates.

One reason for the differences in coefficients that appear when observa-
tions are divided into transport rate groupings is suggested by our tests for
heteroscedasticity. We tested for heteroscedasticity, using Bartlett’s test and
a four-way division of the observations, with orderings by transport charge,
unit value, stowage, and distance. The latter two orderings did not produce
a rejection of the hypotheses of homoscedasticity at the 5 per cent level,
the unit value ordering indicated a rejection at the 5 per cent level but not
at the 1 per cent level, but the ordering by transport charges produced very
strong evidence of heteroscedasticity. It may be, then, that the differences
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in coefficients between high- and low-transport charge groups reflect this
heteroscedasticity rather than any true non-linearity in the relationships.

Some Experiments with the Transport
Price Equations

Since the bidding data cover a period of several years, we could presuma-
bly use them to measure changes in the structure of transport prices,
although the observations become fairly thin when they are divided by -
periods of time. If we fit an equation (in logs) to the bidding data for
1959-61 and 1962-64 using a dummy variable, E, for observations for
1959-61, and adding the cross-product terms for 1959-61 for each vari-
able, we obtain:

(8) FR=-289 + 69UV + 40ST + .14DI — 2.81E + .08(E X UV)
(15.85) (5.83)  (1.53) (2.64) (1.46)

— .03(E X ST) + .29(€ X DI) R? = .60
(.40) (2.63)

The equation implies that there was no unambiguous. shift in the level of
rates, since the coefficient for E is negative; but the cross-product terms for
unit value and distance are positive. It would be possible to calculate the
implied transport charges for different types of commodities in the two
periods and to weight these in any proportions considered appropriate to
produce an index of transport charges.

Another possible source of information on changes in transport charges
is the comparison between bidding- and Census-data equations, since the
bidding data referred to an earlier period. The equation with only a single
dummy variable for bidding data showed a considerably higher level for
the earlier period. The more complete equation was also more ambiguous,
since the dummy variable for bidding data was negative, although the
cross-product terms for the unit value and stowage coefficients were
positive. The two equations suggest that although the level of transport
charges was probably lower in general in the Census data, there might be
some products, with low unit value and low storage factors, for which the
Census data equation implied higher charges.

There are several possible reasons for the difference in level between
equations for the two data sets, since the bidding data differ from the
Census data in several respects other than just the method of collection.
One is that the Census data relate entirely to U.S. imports, whereas the
bidding data cover mainly shipments from the United States and other
developed countries to less-developed countries, particularly in Latin
America. Another is that the bidding data cover mostly the years 1960-64,
but the Census data are all for 1966. Still a third difference is that the
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Census data cover a much larger number and variety of commodities than
~ the bidding data.

A possible explanation of the difference is that transport charges de-
clined between the early 1960s and 1966, in the sense that in 1966 they
were lower than the levels implied by the bidding-data equation, taking
account of unit value, distance, and stowage factors. If transport charges
per ton for each commodity on each trade route increased, but not so
much as our equation predicted, given a rise in unit values, we would
consider that transport charges had fallen.

There are at least two alternative explanations for the difference between
the two transport charge levels: (1) that transport charges into the United
States are lower, given the commodity characteristics of trade, than those
on shipments out of the United States and out of other developed coun-
tries, or at least lower than on those countries’ shipments to Latin America;
(2) that the amount of discrimination by shipping firms, as indicated by the
extent to which they charged higher rates for more valuable commaodities,
was greater in the earlier period than later, or greater on the exports of the
United States and other developed countries, at Ieast those to Latin
America, than on U.S. imports.

These data thus do not rebut the claim that transport charges favor U.S.
imports as compared to U.S. exports, but because of the differences in
timing and commodity coverage between the sources we cannot draw any
firm inference on this issue. A related claim that transport charges on U.S.
exports are higher than on the corresponding exports by other countries is
not supported by a test in which the bidding-data dummy variable used for
equation (3) is replaced by separate variables for U.S. exports and exports
by other countries. The coefficients for the two origins of exports are
almost identical, a fact that suggests that transport charges, taking account
of product mix, were not significantly different.

A factor not included in our equations is the possibility of shipping a
product other than the tanker products by some method other than liner,
including the use of specialized bulk cargo vessels or tramp ships. Several
versions of this variable were tried: the percentage of tonnage shipped by
liner, a dummy variable if any of the product was imported by non-liner
(other than tanker) shipment, and a dummy variable for products of which
more than 10 per cent of imports was by non-liner shipment. These
variables had the expected sign: positive for percentage shipped by liner
and negative for the two dummy variables. However, none of the
coefficents was statistically significant at the 5 per cent level and we
therefore omitted these variables from the basic estimating equation. An
example of one of these coefficients is given in equation (9), where NL is a
dummy variable for a commodity of which non-liner imports were 10 per
cent or more of total imports into the United States. If one takes the
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coefficient at face value, it seems to imply, as one might expect, that
shipment by tramp steamer or other non-liner mode is cheaper than by
liner or that the possibility of such shipment lowers even the liner rates for
the affected products.

(9) FR=-3.47+ 52UV + .355T + .30DI + .30SW — .54TA
(54.83) (18.08)  (13.49)  (6.25) (11.97)
- O5NL  Rx= .81
(1.70)

It has also been suggested that transport charges are affected by the
balance of tonnage on a route. The hypothesis is that, if outbound
tonnage exceeds inbound tonnage on a route, outbound rates will be
comparatively expensive and inbound rates will be cheap, as the surplus
of capacity for inbound shipping induces price-cutting among carriers.
Using some data on shipments along particular trade routes, we classi-
fied origin-destination combinations into twenty-seven routes and calcu-
lated the ratio of export tonnage to import tonnage and the difference
between them for each route. The coefficients for the balance on
liner shipment, non-liner shipment, and both combined proved of no
statistical significance in any of the equations we tried, and often

had the wrong sign. However, a cross-product term for (NL)(K);M—),
NL
L

X . . . . .
where 2¥-_ is the ratio of non-liner exports to non-liner imports on a
NL
trade route, although it was not significant at the 5 percent level, did have

a t-value greater than 1 and the expected negative sign, as in equation (10).
(10) FR = —3.55+ 520V + 355T +  .31D1+ .305W - .53TA

(56.69)  (18.17)  (13.59)  (6.22)  (12.31)
~ .006(NL){ Xn Rz = 81
(1:51) My

If the coefficient is taken as given, it implies that an export surplus on
non-liner trade on a route lowers the transport charge for non-liner imports
on that route. The relationship is not strong, but it is in the expected
direction and does give some support to the role of the trade balance.

COMPARISON WITH OTHER FINDINGS

Our results agree with earlier studies'? in identifying the unit value as the
most important determinant of freight rates. However, none of these -
authors calculated any coefficients for the other variables we include and
find to be significant, or estimated a significant, specific relationship
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between freight rates and unit values. With better data we are able to
estimate the separate influence of distance, stowage, and size of shipment
on freight rates. Furthermore, our results suggest that the omission of any of
these variables may cause the others to be miscalculated, as there is
significant and positive correlation between unit values and distance and
between unit values and stowage factors. That omission of variables may
account for the difference between our estimate of the unit value
coefficient and those calculated by Moneta, which ranged between .23
and .29. However, other explanations for the difference are possible. The
Moneta data were calculated from grouped observations rather than from
individual shipments, the distance variable was taken into account in a
crude manner by dividing the observations into five exporting areas, and
the data referred to a period much earlier than ours.

Benjamin Chinitz, in a 1956 study, examined the freight rate structure of
two conferences that had published rates covering commodities exported
from the United States to Colombia.™ His major purpose was to investigate
whether conference rates implied rate discrimination in ocean transport.
Holding constant the stowage factor, he found the correlation between the
published conference freight rate and the unit value for each commodity to
be quite low, and thus unlike the strong relation in our equations.

The most elaborate study of the structure of transport charges is a recent
ECLA volume on transport charges for exports from Latin America.’s The
data are quite different from ours, the rates being derived from conference
tariffs and thus confined to liner trade and to official rates. The approach
was also different, separating the elements of transport charges into two
components. One was what the authors referred to as the structure of rates,
which involved differences among commodities with regard to transport
charges on a single route. The other involved what they called the level of
rates: differences among routes for transport charges on individual com-
modities. The results, however, were similar to ours in several respects.
Unit value and stowage were almost always significant variables and
explained a high proportion of transport rate variation among com-
modities. Handling costs and risks of damage and pilferage were statisti-
cally insignificant or of small importance. Distance was a significant
element in determining transport rate variation among routes, as we also
concluded, and two other variables for which we had no data, the number
of lines serving a route and the level of port costs, were also significant.
The degree of imbalance of trade on a route appeared to be insignificant.
In general, the explanation of commodity differences in transport charges
was much more successful than the explanation of route differences.

On the whole, despite the wide differences in sources and methods
between our study and the ECLA report, the conclusions appear to be
reasonably in agreement.
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CONCLUSIONS

We find that there is a commodity structure of transport charges in which -
the main determinants of these rates are similar over fairly different time
periods and trade routes. The main elements we identify as determinants
on the cost side are the stowage factor (the bulkiness of the commodity),
the distance over which it is shipped, the size of individual shipments, and
the possibility of shipping the product by tanker. The other main element
in transport charges, which we identify with discrimination by shipping
companies in rate-setting, is the unit value, or value per ton of the
commodity. With these variables we were able to derive an equation that
could be used to estimate transport charges for whole classes of com-
modities, as a step in explaining the commodity composition and direction
of international trade.

On other issues related to the determination of transport charges the
evidence was weak or ambiguous. A comparison of two different sets of
data indicated that either (1) transport charges fell between the early 1960s
and 1966; or (2) rates on imports to the United States were lower than on
exports from the United States and other developed countries; or (3)
charges on U.S. imports were lower than on Latin American imports. We
could find no evidence in our data that rates on exports from the United
States were higher than on exports from other developed countries, once
commodity and route characteristics were taken into account.

We found some evidence that products shipped mostly by liner carried
relatively high transport charges and still weaker evidence that an export
surplus on a route led to lower transport charges on imports than on
exports. The weakness of the trade balance effect, as well as the strength of
the unit value effect, suggests that the shipping conferences may have been
highly successful in reducing competition.

Several interesting questions are raised by the results here but would
require additional data collection or further analysis for an authoritative
conclusion. One is whether the structure of transport charges differs
substantially among routes or areas of the world. Another is whether the
growth of container shipment has increased competition sufficiently to
alter the structure of rates, particularly the relation of unit value to transport
charges. Still another is whether the same type of analysis could be used to
explain and forecast the growth of air transport as a substitute for ocean
transport.

There are quite a few additional sources of transport price data that are
newly available or were for other reasons not employed in our analysis,
but could contribute to a fuller study of the transport market. One is the
Census Bureau data for U.S. imports in the years after 1966, including
those on air shipments, which are superior to our sample because the
actual value at the point of shipment was collected for each shipment, in
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addition to the official value. Another source is the extensive collection of
transport charges for the United Nations report cited earlier, and still
another is the voluminous information on conference freight rates such as
was published in various congressional hearings.’® Major shippers of bulk
commodities, particularly products such as petroleum in which intra-
company shipments are important, could probably provide much better
transport cost data than our official records, which are not reliable for these
cases. These data would enhance the accuracy of our estimates and
enlarge the time, mode, product, and geographical coverage. They would
thus, among other advantages, provide a better opportunity to distinguish
between effects of changes over time and of differences in cost among
countries of origin and among destinations.

APPENDIX

Qur data on transport costs come from two sources. One is the underlying
data from a Census Bureau study of the difference between official and
c.i.f. (cost, insurance, and freight) valuations for U.S. imports, and the other
is the price collection that was part of the National Bureau’s study of
international price competitiveness.?

Census Data

The main body of data, and the basis for our estimating equation, was the
Census Bureau study of U.S. imports. This had, as its main ‘purpose,
measurement of the difference between c.i.f. values, which include insur-
ance and transport charges, and the official value of imports as reported by
the Census Bureau. The latter are mainly f.a.s. (free alongside ship) or f.0.b.
(free on board) but also include some other bases of valuation such as
American selling price. These data consisted of information on about 5,000
import shipments into the United States during the calendar year 1966
from a probability sample of U.S. imports.

The information collected by the Census Bureau included the value
reported in the official data and, in addition, the c.i.f. value, the shipping
weight, and a detailed commodity classification by both the SITC (Standard
International Trade Classification) and the TSUSA (Tariff Schedules of the
United States Annotated). Using these classifications we estimated the
stowage factors from the sources described below. The difference between
the official value and the c.i.f. value is what we call transport cost, except
in the cases described later. '

Not all of the more than 5,000 observations from the Census Bureau'’s
survey were suitable for our purpose. Since we were interested in ocean
transport costs, we eliminated all shipments other than by vessel and all
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shipments [oaded or originating in Canada or Mexico, about 1,900 al-
together. Also dropped from the sample were all observations showing
* zero transport cost or zero shipping weight, and all for which we could not
estimate a stowage factor. After all these eliminations, the final sample
contained 2,889 observations.

These Census data are widely distributed-among the commodity groups,
as can be seen in the following table.

Number of
SITC Commodity Observations

0 Foods 545
1 Beverages & tobacco 65
2, 61-65 Crude materials, excl. petrol., and mfrs.

of animal or vegetable origin 782
3 Petroleum 153
4,5 : Fats, oils, and chemicals 308
66,812 Stone, glass and clay products 187
67, 68, 69 Metals and manufactures, n.e.s. 178
71,72 Machinery 118
73 Road motor vehicles 126
83, 84, 85 Clothing and shoes 231
82, 86, 89 Miscellaneous 203

The Census data have some drawbacks. The classifications, detailed as
they are, do not identify particular articles, and it is therefore likely that the
assignment of stowage factors to particular shipments was imperfect. There
are also ambiguities in the officially reported valuation, as mentioned
earlier. For example, in some cases the official value was the American
selling price (ASP), which was not related to the actual f.a.s. value and
could even be higher than the c.i.f. value. This created no problems for the
Census Bureau’s own study, which was directed toward measuring differ-
ences between official values, however calculated, and c.if. values, but
was troublesome to us because we were measuring transport cost. Some,
but not all, of these anomolies were removed by an adjustment we carried
out for those products subject to ASP valuation. The official values were
multiplied by the ratio of f.o.b. value to official value, calculated from the
1970 Census Bureau survey.? The information on f.o.b. values was not
available in the 1966 survey we used.

However, even where ASP valuations were not reported as the official
values, there were cases of what appeared to be unbelievable unit values.
We made no attempt to remove these observations because we lacked the '
information needed to decide which were incorrect. Many cases of im-
probable unit values, and also of improbable or impossible transport
charges, were for commodities in which a high proportion of shipments
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were intra-company transactions. In such transactions the unit values are
subject to the vagaries of transfer-price accounting, in which tax considera-
tions may play an important role, and may therefore be far from true
market prices. When the ships are also company-owned, as is often the
case for petroleum imports, it is not at all clear what the reported transport
charge means. In this case too, the allocation of costs among the stages of
production, transportation, marketing, etc., could be quite arbitrary or
reflect the structure of taxation.

Bidding Data

The data from the price competitiveness study, which we refer to here as
bidding data, are derived mainly from formal bids by firms in developed
countries to supply machinery and equipment to less-developed countries.
The basic information supplied by each bidding document included the
f.o.b. or f.a.s. price of the particular product being offered, and, in the
cases used here, the c.if. price as well. Occasionally, other information
was provided, such as the division of the f.o.b.-c.i.f. differential among
insurance, ocean freight, and other costs, and data on the weight of
particular shipments or on their bulk. The information on bulk was used for
calculating stowage factors. What we have called “transport charge” is the
difference between the c.if. and f.a.s. values. Where we could, we added
inland freight to f.0.b. values to convert them to f.a.s. values, but we did
not remove insurance even when it was reported separately. _

Only a small part of the total observations included both weight and
bulk, and one or the other therefore had to be estimated in most cases,
often on the basis of data from other sources. For transformers, weight and
stowage factors were estimated from separate equations relating them to
the capacity of the transformer.? There were no more than 100 observa-
tions on weight and about 70 on stowage, mainly from shipping docu-
ments associated with bids on projects for U.S. government agencies,
particularly the TVA, but including several others. The bids used for this
purpose were not necessarily or usually the ones that provided the
shipping-cost data. They were from the collection acquired for the price
competitiveness project, and they covered the same type of product.

The shipping-cost data for railway locomotives also did not include
weight, but did provide detailed specifications. A logarithmic regression
equation of weight on horsepower, with dummy variables for wheel
arrangement and type of service (such as road, switching, or combination),
was derived from data published in various issues of Railway Age
magazine,* and this equation was then used to estimate the weights for
locomotives in the sample.s

Data on aluminum cable were indentified by type of cable (e.g., Quail,
Flicker, Drake) and type of reel used. Using this information, we obtained




182 Robert E. Lipsey and Merle Yahr Weiss

both weight and the stowage factor from a catalogue listing the weight and
volume of each type of cable and reel.®

The commodity distribution of the bidding data is not representative of
United States or world trade, because it was determined by the needs of
the price competitiveness study and the availability of data. That study was
confined to machinery, transport equipment, metals, and metal products,
which accounted for a little under half of the value of exports of the United
States and of the OECD countries in 1963. They accounted for a smaller
share of world trade and, since these are relatively expensive products for
which freight cost is comparatively low as a percentage of value,” for a still
smaller share of total expenditures on ocean freight.

Even within the three-digit Standard International Trade Classification
commodity groups included in the data, the observations were very
unevenly distributed because the bids, which were the source of most of
the observations, were concentrated in certain products. Of 835 observa-
tions containing information on both weight and stowage, as given in the
sources or estimated, the main groups covered were:

‘ Number of
SITC Product Observations
693.13 Aluminum cable 143 _
718.42 Graders & dozers 54
722.1 Transformers 526

The other 112 observations were scattered among various types of semi-
manufactured metal products, iron and steel tanks and drums, several types
of electrical and non-electrical machinery, automobiles, and trucks.
These data include observations in years ranging from 1953 through
1965, but were mainly concentrated in the period 1960 through 1964, as
can be seen in the following tabulation: '

Number of
Year Observations
1953 1
1954 7
1955 0
1956 0
1957 0
1958 20
1959 53
1960 195
1961 30
1962 156
1963 222
1964 144

1965 7 -
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As noted, almost all the observations represent the cost of shipments
from developed to less-developed counties. The origins of the shipments
are as follows:

. Number of
Origin Observations
U.S. ) 156
Canada 35
urope 563
Japan 75 ¢
Other 6

and the destinations:

Number of
Destination Observations
Mexico 156
South America 611
Asia 50
Other 18

Thus the data are strongly dominated by exports to Latin America.

Independent Unit Value Data

Estimates of value per ton, or unit value, independent of our main data on
transport charges, could not be obtained for individual shipments. How-
ever, they could be calculated for each commodity group from published
data. We collected the value and tonnage data for exports of OECD
countries other than the United States and Canada (which do not use
tonnage as a universal quantity unit) to match the bidding-data unit
values.®? To match the Census data for each commodity, we collected
values and shipping weights reported in the published statistics on imports
by method of transportation.®

Stowage, Distance, and Shipping Characteristics
" of Commodities and Routes

Stowage factors for products other than electrical equipment and
aluminum cable were assigned on the basis of information in several books
on freight stowage, although the commodity lists there did not cover all the
items in our sample.’® Distance, the other principal variable involved in
our equations, was also not provided in the bidding data, but the ports of
shipment and destination usually were given. We used shipping distances
for these ports or the ones closest to them."

The characteristics of trade routes—the balance of liner, non-liner, and
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tanker trade—were derived from a report of the U.S. Maritime
Administration.’? The origins and destinations in our Census data were
classified into twenty-seven trade routes and the balance of trade on each
route (e.g., U.S. Atlantic ports and East Coast of South America) imputed to
all the origin-destination combinations included in the route.

Several shipping characteristics of commodities in U.S. import trade
were calculated from the same source. One characteristic was whether the
commodity was ever imported by tanker. Another was the share of liner
imports, for those products that were never imported by tanker; a third was
whether a commodity (other than those sometimes shipped by tanker) was
ever among non-liner imports; and a fourth was whether non-liner imports
were more than 10 per cent of the sum of liner and non-liner imports of a
commodity. These commodity characteristics were calculated for all trade
routes combined, and used that way in the equations.

Basic Data

The average values of each variable in the Census data are shown in Table
A1 for every SITC group containing at least ten observations. The values for
these variables are not necessarily characteristic of the whole group,
particularly in groups with small numbers of observations, since they were
assigned on the basis of the characteristics of the particular observations
that appeared in the sample.
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TABLE A-2 Estimating Equations for Transport Charges:.
Alternative Equations for Use when Some Var-

iables Are Missing
Equation Intercept UV ST DI Sw TA R?
(1) —-3.53 .52 .35 .30 .30 —-.51 81
an —4.42 .56 .38 .35 .25 80
(12) —3.54 .54 .35 .29 -49 .81
(13) -1.08 .54 .35 .25 -.62 .80
(14) -2.50 .59 31 .28 -.59 .79
(15) —4.40 .58 37 .34 .80
(16) -1.66 .60 .39 .18 79
(17) —3.46 .65 37 .23 .78
(18) -1.16 .56 35 —-.60 80
. (19 -2.52 .61 30 -57 79
(20) -0.02 .61 .23 —.70 .78
(21 -1.71 .61 .38 .78
(22) —3.44 66 .36 .78
(23) -0.57 .68 a5 .76
(24) —-0.10 .63 —~.68 .78
(25) -0.62 .69 .76

All variables except SW and TA are in logs.

For definitions of variables see Table A1.
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Maritime Freight Rates in the Foreign Trade of Latin America, United Nations, Economic
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For example, A.L. Ginsburg, American and British Regional Export Determinants (Am-
sterdam: North-Holland, 1969).

Irving B. Kravis and Robert E. Lipsey, Price Competitiveness in World Trade (New York:
NBER, 1971).

We also re-ran our bidding equation for the subset of our observations that matched the
independently collected unit values (Equation 6 in Table 3). The omission of shipments
for which we could not collect independent unit values did not affect the Census
equations significantly and we therefore have omitted these calculations.
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13. See, for example, Herman F. Karreman, Methods for Improving World Transportation
Accounts, Applied to 1950-1953 (New York: NBER, Technical Paper 15, 1961); and
Carmellah Moneta, "“The Estimation of Transport Costs in International Trade Accounts,”
Journal of Political Economy, February 1959, pp. 41-58.
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3. The equation for weight was:
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(10.67) (26.31)

and the equation for stowage was:

log stowage (cubic feet per ton) = 42.06 — .03 capacity (KVA/1,000)
(4.08)

Numbers in parentheses are t-values of regression coefficients.

4. Railway Age, January 18, 1960; January 15, 1962; January 20, 1964; Simmons-
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5. The equation was:
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(11.82) 8.27)
— .27 Freight — .45 Misc. Purpose
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Road Switching, Freight, and Miscellaneous describe the type of service for which the
locomotives were built. Numbers in parentheses are t-values of regression coefficients.

6. Alcoa Product Data: Aluminum Electrical Conductors, Stranded-Bare, December 1,
1966 (Pittsburgh: Aluminum Co. of America).

7. For empirical evidence for this statement see Moneta, 'The Estimation of Transport
Costs . . .”
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9. U.S. Bureau of the Census, U.S. General Imports-Geographic Area, Country, Schedule
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The Stowage Red Book (New York: Traffic Publishing Co., 1944); and from G.P. Lewis,
Handy Guide to Stowage (London and St. Ives Hunts: Imroy, Laurie, Norie & Wilson,
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