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{ Summarz

! This paper develops a model of transportation services that is

_ designed to be consistent with the structure of the World Trade Model.

i In addition to the specification of the theoretical model and its estima-
; tion for ten industrial countries, the paper includes brief reviews of

| the literature on modeling transportation services and of the relevance

: of service accounts to the global asymmetry in the current account of

} the balance of payments. o

; . Most previous work in this field has been based on one of two

E standard models., The first, developed by Samuelson, treats transporta-

i tion as a cost directly related to the quantity of goods being shipped;

: the only effect of the cost of transportation is to reduce the volume of

. trade, and the model cannot determine who will provide the services. The
; second, an extension of the Heckscher-Ohlin model, focuses on the role of
relative factor endowments in determining the allocation of transportation
services, but it has little relevance except in the very long run.

This paper attempts to overcome the shortcomings of earlier approaches
by modeling transportation services in the context of a duopoly in which
there are two countries, two goods, and two providers of transportation
services. Merchandise trade determines the demand for transportation,

E and the interaction between the two shippers (modeled as a Cournot game)
determines the allocation of the market shares.
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I. Introduction

International trade in services has been gaining prominence in
recent discussions on commercial policy and trade negotiations. For
example, it is frequently suggested that future GATT negotiations should
involve at least some categories of services. In spite of its importance
and the widespread interest that has been accorded to it by policymakers,
international trade in services has as yet been the subject of only lim—
ited theoretical and empirical work. It is unlikely that a single opera-
tional model of trade in services-—one that would apply equally well to

international transportation, insurance, tourism, banking, data processing,

and telecommunication-—-will ever emerge. The discussion of services that
are closely related to transactions in goods——such as shipping, insurance,
and certain types of finance-—is perhaps most appropriately undertaken by
analyzing the determinants of flows. By contrast, stock considerations

are often more appropriate to describe the determinants of factor services.

This paper deals with international transportation services.
Historically, transportation has been the most important internationally
traded service, and even today it 1s a significant sector of the world
economy. Thus an analysis of the determinants of transportation servi-
ces appears to be an appropriate starting point for expanding our trade
models to include services, especially considering close links between
this particular type of service and merchandise trade.

The present paper is organized as follows. ' Section II discusses
some "stylized facts"” concerning international payments resulting from
transportation services. Section IIL offers a brief review of the
existing theoretical work on transportation services and puts forward
an alternative to the standard model. 1In Section IV, this model is
estimated for a number of industrial countries, and the results are
discussed. Finally, Section V offers a few concluding remarks.

On the theoretical side, the novelty of this work lies in departing
from the standard competitive framework and setting the international
transportation industry in an environment of monopolistic competitionm.
This approach is intended to offer a dose of realism and to get around
some of the well-known and serious shortcomings of the availables statis-
tical data on service transactions. The empirical work relies on such
macroeconomic variables as the volume of trade, exchange rates, wage
rates, and oil prices and is thus in harmony with most aggregative models
of merchandise trade, including the World Trade Model (Deppler and Ripley
(1978), Spencer (1984)).

II. Stylized Facts

International transportation, like so many other services, consists
of a very heterogeneous collection of economic activities. The IMF







balance of payments statistics divide them into two broad categories:
"shipment,” and "other transportation.” The former class of service
transactions covers: "the freight, insurance, and other distributive
services (a) performed by residents of the compiling country on merchan-

" dise and most other movable goods acquired or owned by nonresidents, and

(b) performed by nonresidents on merchandise and most other movable goods
acquired or owned by residents.” 1/ The latter category is essentially
defined as a residual: "... those services not classified in other items
that are performed by one economy for another through the operations of
carriers and similar equipment...” 2/ It consists of passenger services
(mainly fares, but also charges for excess baggage and payments for
transportation of personal effects accompanying the passengers, such as
automobiles), port services, etc. Port services cover procurement of
goods and services by carriers for the purpose of their own operations.
However, this second category also covers such miscellaneous services

as fees for salvage operations, delivery of letter mail, and so forth.
Freight services, provided through the operations of land, sea, and air
carriers, constitute the main component of the services of shipment and
the transportation of persons. For the purpose of balance of payments
recording it is important to determine both where these carriers operate
and where their owners reside. Since international transportation ser-
vices constitute one of the best examples of a "footloose industry”
analytical and empirical problems abound,. with serious implications for
balance of payments statistics.

How important are transporation services in absolute terms and in
relation to merchandise trade? Table ! provides some information on this
subject. The total value of world shipment services amounted to SDR 42.8
billion (credits) in 1983, an amount that constituted about 2.8 percent
of the value of merchandise trade. }/ Other transportation services were
worth SDR 68.2 billion. Taken together, total transportation services
represented 7.3 percent of merchandise trade in 1983, There is some vari-
ation in the relative importance of transportation services over time,
owing to cyclical factors and to structural and technological influences.
There seems to be no doubt that there has been considerable technological
progress in the international transportation industry, involving not only

1/ Balance of Payments Manual, Fourth Edition, International Monetary
Fund, Washington, D.C., p. 87,

2/ Balance of Payments Manual, op. cit., p. 95.

3/ Of course, the value of all services in international trade is very
much larger. The value of international shipment services, other trans-
portation, travel, direct investment income, and indirect investment
amounted to SDR 429.3 billion (credits), or 28.2 percent of the value
of merchandise trade. In addition, there was SDR 178.2 billion worth
of transactions in other goods, services and income.







improvements in the efficiency of the existing means of tramsportation,
but also the development of new modes of transportation; the introduction
of container ships is a case in point. lj Recent deregulation of the
transportation industry in a number of countries is also bound to have

a significant influence on the volume and the value of international
transactions. :

In comparing international transportation transactions with other
services, it is worth remembering that in 1983 this industry generated
balance of payments flows worth more than the total flows of direct
investment income: SDR 111 billion against SDR 98 billion. On the other
hand, the dramatic expansion of international lending following the first
sharp rise in oil prices in 1973-74 resulted in increased flows of income
from portfolio investments. From about 1979 onward, these became the
most important item in the aggregate service account of IMF member coun—
tries (SDR 200 billion in 1983).

Table 1. ' International Transportation in Relation
to Merchandise Trade

(Credits in billions of SDRs and percent)

1977 1983

-Merchandise trade, f.o.b. 870 1,521

Total transportation 64 111
As percent of merchandise trade (7.3) (7.4)

Shipment : | 27 42
As percent of merchandise trade (2.8) _ (3.1)

Other transportation : 37 68

As percent of merchandise trade (4.5) (4.2)

Source: Balance of Payments Statistics, International Monetary
Fund, Volume 35, Yearbook, Part 2, 1984,

According to official statistics, international transportation
services are provided mainly by and for industrial countries. The
share of these countries in exports of transportable services reached

1/ For a detailed discussion of this issue see Gray (1982).
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76.2 percent in 1983, whereas they imported 63.0 percent of world
transportation imports. (As the discussion below indicates, however,
official statistics can often be very misleading in this respect.) Among

_the countries that play a crucial role in the world market for transpor—

tation services .are the United States, Japan, the United Kingdom, the
Federal Republic of Germany, the Netherlands, Norway, France, and Italy.
Chart 1 presents quarterly data on export and import performance for
each of these countries during the period 1970-1984, As can be seen,
gaps appear quite frequently in the records of service transactions for
countries that otherwise are known for very systematic and reliable
statistical information.

Two of the eight industrial countries, namely the Netherlands énd
Norway, are systematically net exporters of transportation services.
Interestingly, the Netherlands is consistently a net importer of shipping

.services and a large exggi;er of other transportation services. 1In the

case of Norway it is the“other way around--a large net payment surplus
for shipment outweighs the deficit on other transportation. Japan, the
Federal Republic of Germany, and Italy have consistently recorded subtan-
tial deficits in their balance of transportation services. The overall
situation of France is not clear because the data for other transporta-
tion services are not available, but France has a large and growing
deficit on shipping. As far as the United States and the United Kingdom
are concerned, no clear picture emerges with respect to the net position.
In recent years, however, both countries seem to be net importers of
transportation services on an increasing scale. Behind these aggregate
numbers, the United States is consistently a net importer of shipping
services; the United Kingdom which was once a substantial net exporter

- of shipping services, has experienced a sharply declining surplus on this

account to a position of near balance in recent years.

In terms of broad, international trends, Chart 1 reveals a rapid"

rise in the value of transportation exports and imports during the period

stretching from 1973 to around 1980. This tendency can be attributed to
a rapid increase in the cost of providing transportation services which
was triggered off by the two oil shocks and wage explosion in most of the
developed countries. ' '

The chart also reveals cyclical movements that appear to have been
more pronounced than the fluctuations in merchandise trade. It seems
clear that cyclical fluctuations in the value of transportation exports
and imports are not perfectly correlated across the countries under
discussion. The last turning point occurred around 1980, but not
simultaneously. :

- It would be most desirable to look at the volumes of transportation
services, but the data do not permit that option. To work on interna-
tional services transactions requires not only working with incomplete






and inconsistent data classifications but also having to accept that data
on the most important variable to the economist——the price—often do not
exist at all; or, when they do exist, they may mean very little. As far
as shipment is concerned, there do exist price indices for fuel carriers,
as well as conference-rate and tramp-rate indices, but international
debit and credit statistics do not distinguish between different types

of carriers. With regard to other types of transportation, the airfare
index exists, but no price indices are generally available for other
components of this category such as repairs of foreign carriers, port
charges and fees.

No discussion of the data concerning international transportation
is complete without a brief discussion of the problem resulting from the
statistical asymmetry. The global asymmetry problem refers to the fact
that when balances on current accounts are aggregated for all countries
considered in IMF statistics, the world as a whole has a sizable current
account deficit. This deficit has grown very rapidly from $5 billion in
1974 to $77 billion in 1983. There are good reasons to believe that a
significant portion of this amount can be traced to service transactions.
As far as transportation services are concerned, the asymmetry problem
is presented in Table 2. It can immediately be seen that this is a very
serious problem indeed; the asymmetry on shipment transactions alone rose
to a level 73 percent of the total value of credits in 1983. The fact
that these asymmetries are consistently bilased in one direction suggests
that they are not really random errors and that something systematic must
be taking place. The relative discrepancy between credits and debits on
other transportation transactions is much smaller than on shipments.

A number of factors may lie behind the asymmetry problem. 1/ In the
first place, of course, global balance of payments accounting identities
hold only for the world as a whole and not for any particular group of
countries. Although Fund statistics are quite comprehensive, they do not
cover a number of countries, among them most of the East European coun-
tries. While the above countries are most likely to be net importers of
all categories of services (hence the asymmetry problem may be even more
serious), their net position with regard to transportation services is
more difficult to ascertain. The existence of fleets flying so-—called
flags of convenience is believed to be responsible for a significant part
of the asymmetry problem. As the countries offering "tax—haven" services
do not consider shipping companies that profit from these facilities as
indigenous to the economy, they do not enter services provided by these
companies as credits in the balance of payments accounts. The problem
arises because the countries importing services of fleets flying flags
of convenience do record payments for these services.

177 For a detalled discussion of the asymmetry problem, see World
Economic Outlook, 1983.
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CHART 1A
EIGHT MAJOR INDUSTRIAL COUNTRIES

SHIPMENT AND OTHER TRANSPORTATION SERVICES

{In billions of U.S. dollars; seasonally adjusted)
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CHART 18
EIGHT MAJOR INDUSTRIAL COUNTRIES

SHIPMENT AND OTHER TRANSPORTATION
SERVICES (CONCLUDEDY)

{In billions of U.S. dollars; seasonally adjusted)
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Table 2., Statistical Asymmetry on Shipment and
: Other Transportation Payments

14 _ (In billions of SDRs and percent)

1977 1978 1979 1980 1981 1982 1983
Discrepancy
(Credits Minus Debits)
Shipment -18.3 -19.7 =-21.6 -24.,9 -30.9 -32.0 -31.1
Other transportation -1.7 -1.3 824 -2.4 -4.,5 -2.1 -209
Total transportation -20.0 -20.9 -22,4 =27.2 -35.4 -33.3 31.4

Discrepancy as Percent

of Credits
Shipment (67.8)  (69.5) (62.0) (59.6) (68.0) (70.7) * (72.8)
0 Other tramsportation (4.6)  (3.2)  (1.7)  (3.8) (6.5  (3.1)  (0.3)

Total transportation (1.0) (30.8) (26.6) (26.6) (31.0) (29.5) (28.2)

Source: Balance of Payments Statistics, International Monetary Fund, Vol. 35, and

Yearbook, Part 2, 1984,







This discussion of the availability and quality of international
statistics on transportation services leads to two practical conclusions
with regard to empirical work in this area. First, although it would
normally be preferable to specify the model in terms of volumes rather
than values, that approach would not be practical here. It 1s desirable
to minimize the extent to which prices enter the theoretical model
explicitly, so that its empirical counterpart will be less sensitive to
errors in published price indices. This may be a very promising way to
deal with one of the main difficulties associated with services in gen-
eral, not only transportation. Second, given the evidence on the asym-
metry problem, it is clearly preferable to work separately with export
and import equations, rather than with equations for net flows.

I1I. Modeling International Transportation

Two somewhat different approaches to modeling international shipping
and transportation have emerged and currently coexist in the economic
literature. The first of these approaches was developed by Paul Samuelson
(1954) and has come to be known as the "iceberg” model. The second
approach 1s an extension of the Heckscher—0Ohlin model. The great advan-
tage of the iceberg model is its parsimonious analytical structure, which
makes it especially suitable for empirical work. The essential idea of

the model can be simply stated: "...to carry each good across the ocean .

you must pay some of the good itself...only a fraction of ice exported
reaches its destination as unmelted ice.” 1/ In other words, the process
of transportation uses factors of production and thereby effectively
reduces the factor endowments of the countries involved. It should not
come as a surprise that in the simple version of the model the existence
of transportation costs does not affect patterns of trade but influences,
quite obviously, the volume of trade. 2/ '

The existing empirical work on international shipping and other
transportation services has by and large relied on some version of the
Samuelson model, though this reliance is usually implicit and supple-
mented by other variables. Flows of trade in tangible goods are the
crucial explanatory variable; however, there are differences between
authors. Rhomberg and Boissonneault (1964), Prachowny (1969), Kenen
(1978), and Bond (1978) explained various transportation payments in

1/ Quoted from Samuelson (1954), p. 268.
2/ Alan Deardorff (1983) has extended the simple Samuelson model.
Using the basic ieberg model but with many countries and many commodities,
Deardorff shows that transportation costs play a crucial role in deter-
mining South-South and North-South trade patterns. In the Deardorff
model, relatively capital-rich developing countries end up exporting
capital-intensive goods to capital-poor developing countries, but at
the same time export labor-intensive goods to developed countries. ‘
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terms of merchandise imports and transportation receipts in terms of
merchandise exports plus a number of other variables. Other authors have
postulated that payments for foreign transportation services are influ-
enced not only by imports but also by merchandise exports. Presumably,
the same logic should also apply to exports of transportation services.
Kwack (1971) separates different services that are usually categorized as
transportation expenditures and in particular draws a distinction between
freight and passenger fares paid to foreign carriers and port expenditures
incurred by domestic carriers abroad. This distinction is quite meaning-
ful, but it necessarily increases the level of disaggregation.

The second strand in the existing research on international trans-—
portation attempts to integrate it into the traditional Heckscher-Ohlin
model. Falvey (1976) and Cassing (1978) model transport industry as if
it were an industry producing goods. Factor endowments and relative
factor intensities become, once again, the key to such a model. In the
end, grafting transportation on the Heckscher—-Ohlin model leads to a set
of predictions similar to those tested by Leontief in the context of
merchandise trade. The task of testing the Heckscher-Ohlin model with
regard to freight and other services was left to Sapir and Lutz (1981).
In their study the authors assume that freight services are capital
intensive and show that factor endowment does indeed matter in explaining
net trade on transportation services., While embedding international
transportation services in the Heckscher-Ohlin model is highly desirable,
this approach focuses attention on endowments of labor and capital, which
tend to be approximately constant in the short run.

It would seem fair to say that models intending to explain the
shortrun behavior of international transportation transactions are bound
to rely more heavily on the first strand of the literature than on the
second. It would be equally fair to argue, however, that the theoretical
foundations of the first class of models leave something to be desired.

While the approaches outlined above explain the amount of world resources

that are needed to make trade possible, they are silent on the question
of who will provide the necessary services.

We will now propose an alternative model of international trade in
transportation services which will look at the problem from a new perspec-—
tive. The factors traditionally emphasized by the Heckscher-Ohlin model
will be suppressed to a minimum, though they could, in principle, be
re~introduced into the model at the cost of substantially increased com—
plexity. The spirit of the specification to be presented here is similar
to that of recent models of intra—industry trade under imperfect competi-
tion, and can be traced to the work of Brander (1981) Brander and Krugman
(1983), Brander and Spencer (1984), and Krugman (1984). Their framework
is particularly appealing for the analysis of the problem at hand.
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This model treats the world as consisting of only two countries,
which will here be called the United States and Europe. There are only
two goods in the model and both are traded internationally. The U.S.
import demand function is given by equation (1), while Europe's import
demand is specified by equation (2).

eUS us

Us Y (pUS P
MW = A Yyg (Pp° + tE,US) (1)
£ &
E _ “y E P
M* =B Y, (eP+e tys,g) | (2)

The elasticity of country x's imports with regard to variable z is denoted
b§ aﬁ; YUS and YE stansd for real income in the two countries; Pgs and

P, are prices paid by U.S. and European importers, expressed in terms of
U.S. dollars. Finally, the transportation costs are denoted by tg,yg and
tus,Es and the exchange rate, e, converts prices and costs expressed in
U.S. dollars into European currency.

The two import demand functions have a partial equilibrium flavor,
but so far nothing has been sacrificed by this simplification. In fact, S
for the sake of simplicity, we can also set VS and £ equal to one. .
The two income levels, as well as the prices of imporzed goods, are
assumed to be exogenously determined as is the exchange rate. On the
other hand, quantities of imports and the transportation rates will be
explained by the model. To proceed further, the transportation industry
has to be described in more detail.

Assume that there is only one shipping company operating in Europe
and only one based in the United States. While the international trans-—
portation industry corresponds to the case of duopoly, perfect competi-
tion reigns in the market for goods. 1/ The market structure of the
shipping industry differs from the classical duopoly situation in that
the demand for transportation services is a derived demand. Since the
two duopolists know the link between the demand for traded goods and the
demand for their services, they must also know that transportation rates
obey the following equations: 2/ '

1/ In fact, we need to assume that there is a large number of producers
of the two goods and_that the aggregate supply of each good is iInfinitely
elastic at PYS and Pg, respectively.

2/ The two duopolists of our model are assumed to play a one step game.
Of course it would be preferable, as is generally the case in the theory
of firm, to move to a dynamic framework. However, this extension Is rather
(To be continued on page 11)
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Equation (3) gives the freight rates for transportation of U.S. imports
from Europe that are consistent with the U.S. import demand function.
Transportation rates for the shipment of goods from the United States to

Europe must be governed by equation (4) if the demand for these services
is to be exactly satisfied.

Suppose now that it takes o units of transportation services to
move one unit of U.S. imports across the Atlantic. This task can be
2 accomplished by either American or European carriers. Denote the number
- of units of transportation serviceg on the Europe-United States crossing
provided by the U.S. industry by TESUS’ and, similarly, services
rendered on the same route by Europe by TE us*® It must be true then
that TUSUS + TE s = @ MS, that is, in equilibrium the supply of
: shipping servicés on Europe-United States crossings must be equal to
; : the demand for these services which, in turn, is equal to a times U.S.
; imports of merchandise goods from Europe. Using this equilibrium con-
dition, one can rewrite equation (3) as follows:

L

els
.. (Tgsus + TE, US)  _ Lus (5
E,US s Ay Tys m

1/ (Continued from page 10) difficult to carry out in the present case,
especially in the face of special considerations. See Cassing (1975) on
this point. Note also that for a truly dynamic model one would require
the exact timing of merchandise exports and imports far beyond what is
available in the existing statistics. Dynamic considerations can be best
captured at the micro level with the use of linear programming. Indeed,

one of the first applications of linear programming was to a transporta-
tion problem.

TEEYZAF P W 2
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Considering the shipment of goods from United States to Europe,
assume that it takes B transportation services to move one unit of U.S.
exports across the Atlantic. Again this task can be accomplished by
either U.S. or European carriers, and for the equilibrium conditions to
hold it must be true that ng gt TES g = gME (the notation is somewhat
cumbersome but it should be sEraightfbrward). The freight rate of U.S.—
Europe crossings that is consistent with Europe's import demand function
becomes:

us E
| . 1 (TUS’E * Tis,k
Y US,E e B By Yg

) -pE ' (6)

Equations (5) and (6) can be interpreted in the following way: Starting
from an initial equilibrium, consider a reduction in shipping services
provided by the duopolists. As a result, excess demand for imported
goods will develop in both countries and their prices will tend to rise.
The duopolists operating in the shipping industry can take advantage of
the shortages created by their action and increase shipping rates until
excess demand is eliminated. The extent to which freight rates can

; increase 1is stipulated by equations (5) and (6), and depends crucially

B on the price elasticities of import demands in the United States and
Europe.

] Although the international shipping industry is presented as a

fl duopoly, it still remains to be decided what are the relevant policy
variables used by the two competitors. Let us assume that no collusion
4 is possible. Following a well-established tradition in this respect,
each duopolist is said to play a "Cournot game.” The quantities of
transportation services are thus the relevant decision instrument. More
i specifically, the U.S. duopolist will decide on TESUS and ng B’ and

i he will expect T% ys and Tpg g to remain unchanged.’ The same decision
process applies td the Européan duopolist. 1/

: Having gone this far, the profit function of the U.S. duopolist is
easy, if somewhat cumbersome, to express. This is done in equation (7),

"1/ "One could readily criticize the model presented here on the same
grounds as one in general criticizes Cournot games. I have no additional
defence beyond what 1s normally said in justifying the use of Cournot models
' (see e.g., Friedman (1983) for a detailed discussion). With both criticisms
q - and defence being well known, nothing else remains to be said on the subject.
It is interesting to note that in spite of numerous objections this is a, if
‘ not the, dominant model in the field of industrial organization.
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US E Us E -
Te,us * TE,us US 1S 1 Tgs,e * Tus,E, s
"US = [( o AO YUS J P ]TE ,US ['E( 8 BO Ye J - ]

- [gUS _ ~US US
[F Ca T

_ Us
E,us ~ €

& Tos gl D

where FUS stands for the fixed cost of the U.S. duopolist, and Cg? and cUS
represent his average (and marginal) variable costs, both in U.S. dollars,
associated with moving one unit of U.S. and European imports across the
Atlantic. 1/ A very similar profit function could be written for the
European duopolist, but rather than doing this we simply state the first
order conditions for profit maximization by the two protagonists. Differ-
entiation of equation (7) with respect to TgSUS and ng g yields

zero profit conditions:

T TR T gy, I A SR, vt

w
s
p—
|
—

us - E P ' Us E p

T + T T +T
’ 1 E,US E,US) _ pUS 1 E,US ~'E,US TUS = cUS (8)
; a Ay Yys E,US ]

Us E
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B By Yg US,E B

e EE_B:BO YE
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1/ Note that CUS need not be equal to CUS because very different goods

are concerned. %he variable cost of shipping one ton of frozen beef from the
United States to Europe must surely be different than the variable cost of
importing one ton of steel from Europe when in both cases the transportation
is done on U.S. carriers. 1t goes without saying that a and B are likely to
differ as well. It should also be noted that in principle the coefficient a
(as well as B) could be different for U.S. carriers than for European carriers.,
One country may use different technology from the other. Pursuing this line
of reasoning would render our model Ricardian. For the sake of simplicity it
is assumed that the two countries use the same transportation techniques.
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Differentiating the (unwritten) analogue of equation (7) for the

European duopolist with respect to-his choice variables, gives the
following:

L 1o
USs US
us E E us E "
[(TE,US + TE,US) - pUS] + 1 (TE,Us + TE,US) TE -c
a Ay Yys m IS Ay a Ay Yys E,US
1 1 -1
us E Eg Us E eg
[L [Tuggz + TUS,E) _pm] 4 1 (TE,US + TE,US) TE = cE
e B By YE E B By Yg US,E 8

E- Y
e Ep B Bo E

Note that in the last two first-order conditions for profit maximization,
CE and CE are analogous to cYS and cUS and are expressed in U.S. dollars.
It is also assumed that the Ehropean duopolist maximizes his profits in
terms of foreign currency, but this assumption has no serious consequences
for the analysis or the results. Equations (8)-(11) constitute four reac-
tion functions for the two shipping operators. In principle, they should
jointly determine the endogenous variables TESUS’ TUS B> TE Us and TES E.
Once the quantities of transport services to be provided aré determined,
the corresponding transportation rates come out of the import demand
functions (1) and (2), or their transformations (3) and (4). In general,
TESUS’ TUS gs TR Us and TES g Should be jointly determined by the first
order profit conditions of the duopolists playing the Cournot game. How~
ever, if there are no economies (or diseconomies) of scale in the trans-—
portation industry, there is a certain degree of dichotomy in the system
of equations (8)-(ll1). Constant returns to scale technology implies that
C%?, cy’, Ca and CE are independent quantities of services provided on
different routes (gut not independent of other economic variables, as will
be shortly discussed) and the equations can be solved pairwise.

For instance, take equation (8). It constitutes the reaction
function of the U.S. carriers for the westbound traffic stemming from
American merchandise imports from Europe. In essence, equation (8)
tells us the quantity of services TESUS that the U.S. oligopolist will
wish to provide on this route, assuming that the European oligopolist
will maintain his operations, TE us» unchanged at some initial level,
On the other hand, equation (lOg’gives us, the level of operation that
the European shipping company will choose on the westbound routes in
order to maximize its profits under the assumption that TgSUS remains
unchanged. ’

(10)

(11)

=
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The reaction functions given by equations (8) and (10) are depicted
in Figure 1; US-US represents the former equation, whereas E-E denotes the
latter. The absolute and relative slopes of the reaction functions play
a crucial role in determining whether equilibrium exists, and if so,

whether it is stable. Differentiating totally equation (8) and rearrang-
A an h

L]
1 ~Af tha 11 Q manntda Frinntrdinn

ﬁg the Lerms, the s Opeé OL thie veoe. Treaction runciidn can be shown to be:
Us
dTE _us a+b
—:FL—— - == <0 a, b, ¢ >0 (12)
a+ b+ eIz
'E,Us E,US

The coefficients a,b, and ¢ are functions of the parameters and variables
of the system and are all positive. 1/ It follows immediately that the
U.S. reaction function must be negatively sloped and less than unity in
absolute slope. This is shown in Figure 1. By comparison, the slope of
the E-E curve is: -

Us us
daT + +
dTg,us _ _2*+ b+ cTg,us <0 ) (13)
dTE a+b

E,US

This reaction function 1is also negatively sloped, but its slope exceeds
unity.

Our duopoly model of the international transport industry displays
stable behavior, given the slopes of the reaction functions. Its behavior
out of equilibrium can be analyzed by supposing that the European carriers
initially decide to supply Oa units of transportation services. Given
this quantity, the best response of the U.S. carriers is Ob in Figure 1.
With Ob coming from the U.S. side, the best response of Europe amounts to
Oc. This, in turn, leads to a U.S. offer of 0d. The adjustment process
continues until point Q is reached. Hence the equilibrium is stable; the
market is divided between the two competitors. The total supgly of trans-
portation services matches the demand, i.e., qMUS = TgSUS + TE us® The
freight rates for westbound traffic are chosen in a consistent’ way;
account is taken of the fact that an increase in transportation rates
will raise the price of imported goods to U.S. consumers (given PUS) and
consequently imports of goods and demand for transportation services will
decline.

1/ These coefficients can be quickly untangled by differentiating (8)
Nothing is to be gained by writing out full expressions.
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The relative position of the equilibrium point Q .in Figure 1 with
regard to the 450 line indicates which of the competitors has the domi-
nant position in the market for freight transportation services from
Europe to the United States. If point Q happened to be located exactly
on this line, the market would be equally split between the two duopo-
lists. This would happen if CUS equaled CE that is, the average

variable costs were the same on U.S. and European carriers. Of course,
this need not be the case.

Suppose that transportation is a labor-intensive activity and that
labor is the only variable factor of production. 1/ It has already been
assumed that it takes a units of trangportation services to move one unit
of U.S. imports across the Atlantic. If, for the sake of simplicity, one
unit of labor was required, whether in the United States or in Europe, to
produce one unit of freight transportation services, the average variable
costs appearing in equations (8) and (10) would be:

cUS - VS (14)

E _ .E
Co = oW (15)

where WUS and WE stand for the wage rate in the United States and Europe,
respectively. 2/ It should now become obvious that, with the same tech-
nology available in both countries, equalization of the wages is required
for equal division of the market. If the U.S. carriers paid higher wages
than their European competitors, the former would provide less than

50 percent of the total transportation activities involved in getting
U.S. imports to their final users.

An increase in the U.S. wage rate, ceteris paribus, has the effect
of shifting the US-US curve toward the origin and leaving the European
reaction function unaffected in its initial position. At a certain wage

1/ Shortly we shall also consider oil as another factor of production
and indeed argue that the price of petroleum should be an important explan-
atory variable in determining international freight transportation debits
and credits.

2/ 1If labor was a homogeneous factor of production in Europe and the
United States and no distortions were present, there would be only one
wage rate in each country. However, labor is not a homogeneous factor,
and distortions abound in the labor markets. There are workers of differ-
ent skills and experience working on ships, and workers employed in ports
to load and unload these ships. There 1s also international rail transpor-
tation with yet another set of wages. In the empirical work, we will have
to decide which wage rates should be.used in the estimation of the model.
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FIGURE 1
IMPORTS OF TRANSPORTATION SERVICES IN THE
DUOPOLY MODEL
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level, U.S. carriers would price themselves out of the market altogether.
If policymakers wanted to prevent this from happening, wage subsidies
could be used. Indeed, this is what one observes in reality. A moderate
increase in the U.S. wage rate would shift the equilibrium point to, say,
Q' in Figure 1. Note that at Q' the sum of TE us and TgSUS is smaller
than at the initial equilibrium; consequently,’U.S. impofts from Europe
must also be smaller. This can be established by the following argument:
Draw a line through Q with slope -1, This line represents a given amount
of transportation services (i.e., TE us ¥ Tgoys = 2 constant) assoclated
with a given level of MUS, The new équilibrium must be on the E-E reac-
tion function southeast.of Q. Since the slope of the E-E curve 1s more
than -1, Q' must be somewhere "below” the constant—amount—of-transportation
line going through Q. It follows that in the new equilibrium there will
be less merchandise imports and less transportation to service U.S.
imports. 1/ The decline has been brought about by higher U.S. wages,
which have led to an increase in transportation rates. Both duopolists
charge more for their services compared with the initial situation.

We now turn to the effects of the above change on the U.S. current
account. To begin with the initial situation, the fact that the U.S.
carriers transport some U.S. imports across the Atlantic does not have
any direct impact on the service account. If importers pay for shipping
services, as is usually the case, payments made between U.S. importers of

3 goods and U.S. merchant fleet owners do not enter the U.S. balance of pay-
1{9 ments accounts, since these are transactions between nationals of the same
country. But the increase in the U.S. wage rate affects the amount of
transportation services provided by the foreign merchant fleet, and these
payments are registered in the U.S. balance of payments accounts. Our
analysis showed that the absolute and relative share of the European
_ fleet in U.S. imports of transportation services must increase. Since
; the freight rates were shown to increase as well, the net effect must be
1

a worsening of the U.S. service account. But with imports of goods being
smaller, the trade account should improve to some extent, provided that
all other variables in the system remain unchanged. Z/

If wages were to increase by the same amount in both the United

; States and Europe, the two reaction functions would shift inward in a

: parallel fashion. The relative shares should be preserved, but less

: transportation transactions would be effected and freight rates would go
E : up. In this case the net impact on the U.S. service account would be

%

ambiguous. This 1s a classic instance where quantity and price effects

lj Of course, to trace out all effects on the current account, merchandise
exports remain to be considered.

2/ This is asking a lot. Wages, prices, and exchange rates usually
change at the same time. But this is the price one has to pay for using
a partial equilibrium framework.

DT T £7 4. > 5 O U
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work in opposite directions. Nevertheless, a presumption may be formed
that, generally, import demand may not be very sensitive to changes in
transporation rates, especially if the transportation costs constitute
only a small fraction of the prices paid by consumers; therefore the
price effect can be expected to dominate in this case.

It is rather unrealistic to assume that labor is the only variable
factor of production in international transportation services. Even to
a casual observer it is clear that petroleum inputs play a crucial role
in shipping and air transport, as well as other forms of transportation.
One would expect that with identical "production functions” the marginal
and average variable costs to European and U.S. carriers would be affected
in similar ways by changes in oil prices. Suppose now that oil prices go
up sharply. The immediate effect would be to Increase the cost of trans-
portation, and a part of this increase would be passed on to U.S. con—
sumers. As a result, demand for imports——and hence for transportation
services~~would decline. The two reaction functions would have to shift
inward by the same relative distance. The new equilibrium would be
located on a ray passing through point Q in Figure_ l, but closer to the
origin, - Thus, while the relative market shares would remain intact, the
total amount of transportation services provided by the two duopolists
would have to decline. However, the value of imported transportation
services could increase.

A very substantial increase in the price of oll, such as the one
witnessed by the world in 1973-74, would exert an additional and perhaps
more important impact. It may be taken for granted that such an oil
shock reduced real income in the United States, as well as in Europe. As
the real GNP in the United States declined, so would its level of real
imports. The reaction functions contained in Figure 1 would then shift
even closer to the origin, but likely by a different extent depending on
the vulnerability of a particular country.

It still remains to discuss the effects of exchange rate changes on
the services account, but this discussion may well be carried out in the
context of flows of transportation services stemming from Europe's imports
of goods from the United States. Using the loglic of our earlier discus-~
sion, the remaining first—order condition for a duopolist's profit maxi-
mization, eguations (9) and (11), can be jointly solved to determine
TUS g and Ty Us,E* The amount of symmetry built into our model makes our
task rather edsy and very similar to what has already been accomplished.
Once again, when quantities of transportation services are determined,
the freight rate will be known as well; consequently, we also know the
‘'value of transactions entering the balance of payments accounts. Note
that, just as before, sales of transportation services to Europeans by
the U.S. shipping industry are jointly determined with sales of these
services by the European duopolist even though, from the point of view
of the balance of payments, only the former transactions matter.






Figure 2 shows the determination of transportation service flows
from the United States to Europe resulting from U.S. merchandise exports.
European carriers are shown to capture more than a 50 percent share of
the market. If Europe 1s assumed to have lower wages and the same pro-
ductivity as the United States, it would become a net exporter of trans-—
portation services. For relatively small wage differentials, however,
Europe could not drive U.S. carriers completely out of the market. 1/

Comparative static exercises discussed earlier can be readily
extended to the case at hand. Once again, it seems useful to distinguish
shocks that leave the relative shares unaffected from those that lead to
a new division of the market. As an example of the former category, con-
sider an exogenous decline in the "world™ price of the U.S. export good.
The change will shift both US*~US* and E*-E* curves away from the origin
by the same relative distance. The new equilibrium will be located on
the ray passing through point Q*. Faced with a lower price, Europe
imports more, creating an additional demand for transportation services.
The expansion of the market is, however, divided between the two duopo-
lists. Changes such as technological progress occurring in the transport
industry in the United States or in Europe (but not both at the same
rate) or alterations in U.S.-Europe relative wages will affect the total
amount of services provided in connection with U.S. exports of goods to
Europe as well as their allocation between the competing carriers. It
should be kept in mind that shifts which leave relative market shares
intact are not necessarily neutral from the balance of payments point
of view. An exogenous decline in the world price of goods exported to
Europe from the United States will tend to improve U.S. service account.

Many countries seem determined to increase their exports of trans—
portation services through policy interventions. One very powerful
instrument of protection of domestic carriers involves the use of laws
designed to force commodity importers to use the exporting country's
fleet. This type of government intervention can be 1lncorporated into
our model without difficulty. To handle this problem one has to dis-
tinguish between goods such as, for example, wheat that 1is reserved for
U.S. carriers and other commodities which could be transported using
either merchant fleet. This type of policy would tend to shift the
US*-US* reaction function outward, while the E*-E* curve moves inward.
The net result would be higher prices paid by European consumers on all

1/ One may be tempted to conclude that from a welfare point of view,
it would be desirable to have the most efficient supplier of transporta-
tion services dominate the world market. This need not be the case and
it would usually be better to keep the inefficient producer in the market
as well. The basic reason is that market deviations from Pareto optimum
are greater under monopoly then duopoly.
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imported goods from the United States due to higher freight fates, smaller
exports of goods from the United States to Europe, and finally a higher
relative share of the eastbound traffic captured by U.S. carriers.

We now turn to the influence exercised by the exchange rate on
international payments for transportation services. The exchange rate
appears in all four reduced-form equations for transportation services.
The symmetry of our model allows us once more to concentrate only on one
of these variables, and we choose to consider Europe's imports of the
services in question. Suppose that there is a devaluation of the European
currency vis—d-vis the U.S5. dollar. The key effect of this change is
to reduce the volume of Europe's merchandise imports from the United
States. The strength of this effect will depend on the price elasticity
of Europe's import demand. From this it follows that the total volume of
transportation services to be provided must decline. But there is also
the question of the distribution of this amount between the two duopo-
lists. 1If the costs of transportation services offered by Europe do not
increase, she should become more competitive and take some of the busi-

ness away from the U.S. transportation industry. Furthermore, the freight

rates should decline in terms of U.S. dollars. The net result should
thus be clearcut; devaluation of the European currency tends to reduce
the flow of payments for imports of U.S. transportation services. This
analysis accords well with the classical theory of devaluation, indeed it
constitutes its corollary. Devaluation reduces merchandise imports and
hence the demand to service them. In addition, there is a substitution
effect between two alternative sources of supply of shipping services,
and this effect tends to work in favor of the devaluing country. The
analysis of the impact of devaluation on exports of transportation ser-
vices should be rather straightforward with regard to their volume. But
as in the classical theory of devaluation there is an ambiguous effect on
the value of services exports because the price and quantity effects work
in opposite directions in this case.

To summarize the results of this section and to put them in perspec-
tive, we have attempted to provide more theoretical underpinning than is
customarily accorded to the determinants of exports and imports of inter-
national transportation services. We started off by putting the shipping
industry into a duopolistic setting. Merchandise export and import equa-
tions define the extent to which transportation services are needed.
Interaction between oligopolistic firms determines how the market is
divided. This process of oligopolistic competition creates a feedback
onto merchandise exports and imports as the transportation rates are
borne by consumers. '

In spite of its simplicity, the model presented here has the great
advantage of leading directly to the formulation of export and import
equations for transportation services in terms of values rather than
volumes. This is particularly relevant from the point of view of
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implementing the model empirically, given the the poor quality of price
indices. The trick is to endogenize price variables and look directly
into cost determinants. Indeed, since the problem of poor quality price
indices is endemic to services in general, the approach proposed here
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The model developed in this section i3, of course, very specialized.
But it could be readily extended in a number of directions, making it

mora genaral. Moving from the two— to an n—countrv case would he messv
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but would present no theoretical difficulties. It is also tempting
because it would allow one to discern a realistic case where a third
country has no fleet of its own but can import services from other coun-
tries. Economies of scale could also be introduced as well. One can
see immediately that one of the effects of this would be to introduce

a scale variable into the equations representing flows of services.

IV. Empirical Results

In this section, reduced-form equations based on our model are
subjected to empirical estimation. It was intended to estimate these
equations for as many of the 14 countries covered by the IMF World Trade
Model (WIM) as possible. 1/ All the countries included in the WIM are
clagsified as developed market economles, and play a crucial role in
world merchandise trade. Estimation of a model explaining international
transportation payments would be a first step toward a full specification
of the current account transactions in the WIM framework. As the WIM is
highly aggregative, modeling of service transactions should also aim at
the highest level of aggregation that is still economically meaningful.
For this reason it was decided to consider shipment and other trans-
portation jointly. Going to even higher levels of aggregation, say all
nonfactor services, would carry the risk of not being able to find an
economic theory capable of explaining such an amalgamation of hetero-
geneous economic activities.

The reduced-form equations derived from our model for the volume of
exports of transportation services by country i1 contain the following
explanatory variables:

T3 = h(Xy, By, vy, Wy, ey) (16)

1/ Deppler and Ripley (1978) and Spencer (1984) provide a detailed
description of the World Trade Model.
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where Xj represents country i's volume of merchandise exports, Pp 1s the
world price of oil; wj and w; are nominal wages in the transportation sec-
tor of country i and j, and ei4 is the exchange rate. The reduced-form
equation for freight rates contains the same exogenous variables:

tij = t(xis Pp’ Wis Wi, eij) (17)

It follows that the value of exports of transportation services by country 1
to i, VTXij, has the reduced form:

VTXij = f(Xi, Pp’ Vi, Wi, eij) (18)

Similar considerations concerning the value of imports of transpbrtation
services, VTMij, lead to the following equation:

VTMij = g<M1’ Pps Wi, Wj, eij) {(19)

As has already been mentioned, there are severe limits on the
availability of data on transportation services. Of the 14 countries
included in the WIM, suitable quarterly data could be found for only 10:
the United States, the United Kingdom, Japan, the Federal Republic of
Germany, Canada, the Netherlands, Italy, Norway, Sweden, and Austria.
Preliminary results obtained for Sweden were so far out of line with
other results that this country was temporarily deleted from our sample,
subject to data verification. We thus report results for 9 countries.
Although our aim was to estimate the equations of the model in data from
the first quarter of 1973 to the fourth quarter of 1983, even that lim-
ited task could not be completely accomplished. For some countries the
estimation period is considerably shorter; for Japan, for instance, it
runs from the first quarter of 1977 to the fourth quarter of 1983,

Our theoretical discussion does not suggest strongly any specific
functional form for the equations to be estimated. There is, however, a
preference for a log-linear specification because the value equations
represent the product of respective quantities and prices. The reduced-
form equation for the value of exports of transportation services by
country 1 is specified in log—~linear terms as follows:

logVTXy, ¢ = ag + a1 log X3 ¢ + a2 log Pp ¢ + a3 log Wy ¢ + a4 log eq ¢ (20)

@
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where all the endogenous variables are measured in terms of current U.S.
dollars. The exchange rate, ej ¢, is measured as the number of units of
currency of country i per U.S. dollar. 1/ The exact description of the
variables and sources is given in the appendix.

With regard to the size of the coefficients, our model predicts that
aj should be positive. The coefficient on the price of oil; aj, should
be positive as well: an increase in P, should lead to higher transporta-
tion costs and, at a given level of merchandise exports, to higher revenue
from exports of transportation services. Depreciation of the exchange
rate should lead to an increase in the value of transportation exports as
well. The sign of the coefficient on the wage rate is more difficult to
ascertain. Our model suggests that in fact the wage rates of the export—
ing countries, and of importing countries as well, should enter the
reduced-form equation. Even in that case there i1s some doubt as to the
net effect of changes in one of these wage rates on export revenue. The
ambiguity stems from the fact that the quantity and price effects work in
opposite directions.

Even a casual look at wage series for most of the developed countries
during the 1973-83 period reveals a large degree of collinearity. It was
therefore decided to enter only the wage rate of the respective exporting
country. An attempt was made to find wage rate series relevant for the
international transportation industry. It is not an easy task, however,
for no country apparently has such a high degree of disaggregation for
its labor statistics. In assessing the appropriateness of the wage data
used in the empirical work here, one should also keep in mind the fact
that wage differentials do exist in various service sectors of individual
countries, and they may vary over time. Even more important, do Norwegian
or Japanese ships, to give an example, use local labor and pay local rates,
or do they use foreign labor for which wages are altogether different? If
the latter, then wage rates of workers in other countries would be more
relevant variables. 2/

1/ In the multi-country world much could be said for using a weighted
exchange rates in the estimated equations (leaving aside the problem of
appropriate weights). We decided to use, however, bilateral nominal
rates against the U.S. dollar (and no exchange rate variable in the U.S.
‘equations) for two basic reasons, First, the value of the endogenous
variables are expressed in terms of U.S. dollars. Second, most of the
shipping rates are quoted in U.S. dollars. Nevertheless, an attempt was
made to re-estimate the model with effective exchange rates. We found
this variable statistically insignificant for the United States, and
generally to worsen the results in the case of all other countries
except Canada.

2/ One should also keep in mind that dock workers (as well as truck
drivers) are highly unionized, and their wages may be much higher than
for the rest of the industry.
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The results of estimation are reported in Table 3. The estimates
and general fit of the equations seem to be surprisingly good, given the
quality of the data and the relative simplicity of the model. Note that
no attempt was made to take account of special events such as dock strikes
and the like by introducing dummy variables. In a number of cases, low
Durbin-Watson statistics were obtained, revealing serial dependence in
the residuals. 1In all these cases, clearly indicated in Table 3, the
original equations were re—estimated using the Cochrane-Orcutt correction
method.

The estimates of coefficient a] are highly significant and of correct
sign for the United States, Japan, Canada, and Italy. The absolute size
of this coefficient accords well with the model. Unfortunately, the
volume of merchandise exports does not appear to be a significant explan-—
atory variable in the case of the United Kingdom, Germany, the Netherlands,
Norway and Austria. For the Netherlands, the United Kingdom, and Norway,
all of which are large exporters of transportation services to third
markets, it would be preferable to enter an export variable that would
recognize the world position of these countries. Ideally, merchandise
trade of all the countries to which the Netherlands, the United Kingdom,
and Norway export their transportation services would be a suitable vari-
able. The third market should have its merchandise trade weighted in a
composite variable according to its relative importance as a buyer of
Dutch, British, and Norwegian transport services. This refinement of the
model could not be introduced for lack of data. '

The price of oil turned out to be a very powerful explanatory
variable in all cases but two. Coefficient aj has the right sign and
ranges in absolute value between 0,10 and 0.68, One could make a con-
jecture that the variation in the size of this coefficient has something
to do with (a) the relative size of shipping in total transportation of a
particular country, and (b) the average distance that merchandise exports
of the country in question have to travel before reaching their final
destination. Petroleum prices are not quite significant in the case of
Austria. Note, however, that Austria is the only landlocked country in
our sample; its reliance on rail transportation could make it somewhat
less susceptible to petroleum price changes.

The wage rate is also significant for most of the countries in our
~sample. There is no evident explanation for the sign pattern and there

is a comsiderable range in the absolute value of estimates of coefficient
a3. The coefficient i1s very high for Austria, and it may well be that the
wage rate variable tries to pick up all other cost elements in this case
as well. (To test for it one could replace the oil price variable with
the cost of electricity or coal, for instance.) The sign pattern of
coefficient a3 is not inconsistent with the theoretical model.







T e

Table 3. Regression Coefficlents for Exports of Transportation Services 1/

R2

2/ The equation estimated with the Cochrane-Orcutt correction for first-order correlation.
statistics are error-based at the original level.

Country Estimation Period Constant 1log xi,t log Pp,t log wi,t log ey ¢ D.W. S.E.E.
United States 1973(1)-1983(4) —6.55%* 0.61%* 0.68%% 0.99%* 0.995 1.66 0.027
: (26.20) (11,15) (4.27) (26.19)
United Kingdom 2/ 1973(1)-1983(4) 7.84%% 0.15 0.10%* -0.36 -0.89%* 0,965 1.56 0.040
(1.24) (1.01) (2.23) (1.76) (6.00)
Japan 1977(1)-1983(4) 2,10 0.57* 0.56%** -0.68 -0.,43%* (0,972 1.93 0.041
(1.70) (2.35) (9.37) (1.89) (3.12)
Germany, Fed.
Republic of 2/ 1973(1)-1983(4) =4.,48%*  ~0.85 0.10 1.25%% -0, 91*%* 0,976 1.93 0.049
(4.06) (0.38) (1.73) (4.74) (6.21)
‘Netherlands 2/ 1973(1)-1983(4) 5.19%% 0.21 0.14* 0.32 -0.65** 0,981 2.04 0,041
. (2.83) (1.04) (2.70) (0.92) (4.64)
Norway 2/ 1975(1)-1983(4) 5.88%% 0.15 0.54%% 0.09 -0.94%*  0.978 1.81 0.037
(16.42) (1.75) (10.79) (0.71) (8.50)
Canada 1973(1)-1983(4) 3.10%* 1.07%% 0.51%% -0 ,90%* 1.30%* 0,937 1.35 0,074
(3.30) (4.94) (11.82) (5.92) (3.07)
Italy 1974(1)-1983(4) 7.03%* 0.50%* 0.45%* 0.41%* -0,85** 0,967 1.41 0.059
(7.63) (3.13) (6.22) (3.24) (7.65)
Austria 1973(1)-1983(4) -0.17 0.30 0.07 1.32%* =0,91** (0,976 1.39 0.079
. (0.27) (1.52) (1.69) (7.83) (8.37) '
1/ The figures under the coefficients are t-ratios. Statistical significance at the 95 and 99 percent
level is 1ndicated by one or two asterisks, respectively. . S.E.E. is the standard error of the estimate.

Adjusted R2

_gz_
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Finally, the data reveal a very strong and systematic influence of
the exchange rate on the value of export earnings. Note that the equation
for the United States does not contain an exchange rate variable, since
all exchange rates are in terms of the U.S. dollar. A 10 percent appre-
clation of the exchange rate increases the value of transportation earn-
ings by between 4.3 percent (in the case of Japan) and 9.4 percent (in
Norway). The exchange rate has a powerful influence in the Canadian
equation, but the sign of the coefficient is "wrong". 1/ As far as the
overall performance of the estimated equations is concerned, they explain
a very large part of the variance of the dependent variable.

Turning to imports of transportation services, the following log-
linear equation was subjected to empirical estimation:

.1og VTMi,t =co t '1°g Mi’t + ¢y log Pp,t + c3 log Wy + ¢y ]'Og_ ey (21)

where My ¢ is the volume index of merchandise imports of country i at
time t. Once again we faced the problem of choosing a suitable wage
variable. As far as the import equations are concerned, it was decided
to use a composite wage index whose elements would consist of wages in
the transportation sector in major exporting countries. g/ The precise
definition of the wage variable is given in the appendix.

¢

1/ We have re-estimated the equation for Canada using the effective
exchange rate instead. The following results were obtained.

log VTXy = 6.388%% + 0.38%* log X + 0.45%% log P ¢
(4.23)  (4.70) (10.73)

- 0.59*%*% log Wy — 0.84** log eg
(4.77) (3.97)

RZ = 0,945 D.W. = 1.36 S.E.E. = 0,07

2/ The justification for this decision 1is straightforward. The
recorded statistics of the value of imports of transportation services
are very strongly influenced by the shipping rates (and port charges,
etc.) posted. by exporting countries which, in turn, are directly affected
by the cost of labor in those countries. Of course, the cost of labor in
an importing country (country i) is relevant because at the margin there
is substitution between alternative suppliers of tranmsportation services.
But if a transaction actually did take place, as recorded by the balance
of payments statistics, it means that labor costs in the exporting coun-
try were not found excessively high. And for this reason we selected a

‘composite wage note in major exporting countries as a relevant determi-

nant of the transportation cost. Note also that the same logic influ-
enced our choice of the relevant wage variable in the import equations.

@
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The results are presented in Table 4. The general fit of equation (21)
appears good for all the countries considered. As expected, the coeffi-
cient on the merchandise import variable is well determined except for the
Netherlands and Norway. The reason for this may be similar to that dis-
cussed earlier. The elasticity of payments for imports of transportation
services is relatively high in the case of the United States and Canada-—-
0.66 and 0.62, respectively. This may reveal something about competition
between these two countries in transportation services, or it may suggest
that there are binding capacity constraints. The lowest significant value
of the elasticity of VMT with respect to M is for Japan and Italy. A

10 percent increase in real merchandise imports of these two countries,
increases their payments for transportation services by no more than half
as much.

The price of oil variable performs well in all import equations.
Japan comes out as the country sharing the heaviest burden of oll price
increases. The coefficient on log Pp,t for all other countries falls
within a range between 0.09 to 0.36.

In general, increases in wages in the major exporting countries cause
the importing countries to foot higher bills for imports of transportation
services. In the case of Japan and Canada, however, it 1s the other way
around. Two possible inferences can be drawn from this result: one is
that merchandise imports of the two countries are highly price elastic;
the second is that their own domestic transportation industry is very
quick in taking business away from foreign competitors.

The exchange rate effect is, in general, picked up well by the import
equations; the sign of coefficient c4 accords with our model. Devaluation
reduces imports of transportation services but the strength of this effect
varies from country to country, the strongest being in the Federal Republic
of Germany (0.83) and the weakest in Japan (0.22).

V. Conclusions

This paper has attempted to model international transportation services
with a greater emphasis on theory than has usually been given in the litera-
ture on this topic. While most work on international services has tended
to be carried out as a sideline or an offshoot of work on merchandise trade
or capital flows, there is a need to face services as a field of research
in its own right. The aim here has been to provide a model of international
transportation that is consistent with the World Trade Model, in that it
will involve a similar degree of aggregation and use similar explanatory
variables. An initial investigation of the availability and quality of the
data leads to a conclusion that it would be desirable to use a theoretical
framework that bypasses the .use of price variables. This means trying to






Table 4. Regression Coefficients for Imports of Transportation Services 1/

R2

Country Estimation Pefiod ConstanF log Mi,t rlog Pp,t- log W, log et D.W. S.E.E.

United States 2/ 1973(1)~-1983(4) -5.22%% 0.66%* 0.09* 0.62%x 0.988 1.80 0.035
(7.67) (5.67) (2.26) (4.09)

United Kingdom 2/  1973(1)-1983(4) 3.44%% 0.59%* 0.16%* 0.11 -0,69** 0.966 2.31 0.035
(3.93) (4.03) (4.21) (0.75) (5.96)

Japan 1977(1)-1984(4) -4.80° 0.50%* 0.65%* -0.42%*  -0,22*x 0.986 1.40 0.027
(0.06) (4.46) (23.00) (6.40) (3.38)

Germany, Fed. ~2.96%* 0.38 0.13* 0.47%%  -0.83* (0,981 1.96 0.039

Republic of 2/ 1973(1)-1983(4) (3.86) (1.69) (2.70) (2.90) (6.84) :

2.96% .50 G.11 0.49** -0.79*%*  0.980 1.84 (0.046

Netherlands 2/ 1973(1)-1983(4) (2.10) (1.89) (2.01) (2.22) (5.00)

Norway 1975(1)~-1983(4) 2.51 0.13 0.36%* 0.71*  -0,50** 0.913 1.90 0.088
(2.03) (0.51) (3.72) (2.87) (2.96)

Canada 1973(1)-1983(4) 4,03k 0.62%* 0,32%* —0.45%* -1,58 0.894 1.44  0.047
(6.74) (6.03) (10.01) (4.14) (0.07)

Italy 2/ 1973(1)-1983(4) 4,26%% 0.38%* 0.23%* 0.13*%%  -0,77*% 0.980 1.89 0.048
(6.11) -+ (3.15) (4.22) (6.54) (5.36)

Austria 2/ 1973(1)~-1983(4) 0.51 0.27 0.21%* 0.11*%%  -0.73** 0,981 1.71  0.062

' (0.41) (1.12) (2.86) (4.28) (3.66)

1/ See footnote 1 to Table 3.
2/ See footnote 2 to Table 3,
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endogenize relevant prices and freight rates by looking directly at cost
determinants. This may well turn out to be a useful research strategy for
other services as well.

Broadly speaking, our preliminary empirical work suggests that the
framework of imperfect competition proposed in this paper is indeed suit-
able for modeling transportation services. Yet it must be recognized that
the empirical work does not test alternative hypotheses, owing to the lack
of viable alternatives. Nonetheless, the theory provides a bit more justi-
fication than has been available in the past for reduced-form equations and
explanatory variables.
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Derivation of the Data Base

1. Shipment and Transport

The data on shipment were obtained from the IMF Balance of Payments
data bank (line 1B.AS4Q for credit and line 1B.BS4Q for debit). The
credit entry includes air freight, ocean freight on exports and on other
shipments, and other freight. The debit entry includes air freight on
imports, ocean freight on imports, and other freight.

The data on transportation were taken from the IMF Balance of Payments
data bank (line 1C2AS4Q for credit and line 1C2BS4Q for debit). The credit
and debit entries include charters, port disbursements, and "other”.

The series for shipment and transportation were seasonally adjusted
with the RAL seasonal adjustment routine and converted to U.S. dollars,
using the exchange rates listed below (section 5).

2. Volume of Merchandise Exports and Imports

The data on volume of merchandise exports and imports come from IMF,
International Financial Statistics, line 72...ZF/DFIFS and line 73...ZF/DFIFS,

respectively, and are seasonally adjusted. . ‘
3. Wages

The data on wages were obtained from the following sources:

For the United States, series AHERNS, hourly earnings of production
workers in the transport, communications, and utility sectors, annual data,
from DRI.

For the Federal Republic of Germany, seriles "ﬁbriger Verkehr and
Nachrichtenibermittlung” in Fachserie 16, Reihe 4.3 "Index der Tarifl&hne
und -gehalter, published by Statistisches Bundesamt, Wiesbaden; and "Index
der tariflichen Monatsgehidlter in der gewerblichen Wirtschaft und bei
Gebiets koFperschaften,” which includes the sectors railways (excluding)
Deutsche Bundesbahn) sea and coastal shipping, sea ports; airlines, air-
ports; transport in pipelines; trucking, storage, and transport agencies,

For data for the United Kingdom, Japan, Netherlands, Norway, Canada,
France, and Italy the source is International Labor Office, "Yearbook of
Labor Statistics,” 1981 and 1984, Table 20, Wages in Transport, Storage,
and Communications. For the United Kingdom and Norway, hourly earnings
for males and females (adults); for the Netherlands, hourly wages (October
of each year, including juveniles); for Japan, monthly earnings of employees






‘including family allowances and mid-year and end-year bonuses). For
sanada, data for 1971 to 1980 refer to weekly earnings for employees, for
1981 to 1983 percentage changes Iin the series "urban transit systems

ere used to extend the series published in the previous (1981) edition
of the ILO Yearbook. For Italy, the data series from 1974 to 1983 is an
‘index of minimum hourly wage rates. For Austria an index for "Tariflohn”

for workers in the transsort rrtar mahldahad in anf{ﬂf{chhau ngnﬂhlhh
in Ine transport sector yuu;;aucu it SLASCNEs nangoucda

t fuf die Republik Oesterreich” (various 1ssues) was used. All series
f were indexed to 1983 = 100.

] To derive quarterly series, the annual series were benchmarked on
l national~source quarterly data of hourly remuneration in the manufacturing
}‘sector, IMF Bureau of Statistics.

1 For Austria, Canada, Italy, and Sweden a composite wage rate was
calculated based on wages in six most important exporters of shipping
services, as follows:
log ;t = 0.22 w, (Japan) + 0.13 Ve (United States) + 0.18 Wy (Germany)
+ 0.16 wy (Norway) + 0.21 w; (United Kingdom) + 0.10 (Holland)
The weights used represent 1983 individual shares in the sum of total

shipment (credits) of the six countries.

4, Price of oil

The world price of oil (in U.S. dollar terms) is listed in the
Statistlcal Appendix, World Economic Outlook, International Monetary
Fund, Washington, D.C., various isues.

S. Exchange Rates

The following exchange rates were used:

Line ..RB.ZF (national ‘currency/SDRs) and line ..RF.ZF (national
currency/U.S. dollars), both period averages.
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