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TRADE WITH A?PRODUCED TRANSPCRTAT ION GOOD

John M. Hartwick*

Queen’s University

. lIntroduction

The analysis of transportation costs in inter; ‘
regional or international trade has been focussed prin-
cipally on the effects of transport costs on relative
commodity prices between traders. Viner considered this
problem in his Studies [1937; pp. 468ff); Samuelson ex;
amined the effects of transport costs on the terms of
trade in the context of “the transfer problem” [ 1954].
Mundell [ 1957] reworked éamue!son's analysis én terms of
geqmetry.’ More recently, howeve;, Hadley and Kemp [ 1966]
have proved the existence of a generél equilibrium in a
m country, n commodity model where transportation is a
produced good. Pearce [1970; Chapts.: Il and 16] has
analysed cases when transport costs preclude trade and
presented notes on the effects of changes in transporta-
tion costs on factor prices in a general trade model.2

"This paper is in one sense the analysis of a par-
ticular case of the Hadley and Kemp model. We shall focus
on two region or couhtry trade with two orthodox commodities

plus a produced transport commodity. We shal!l be concerned

with three topics: the welfare effects of trade with endo-

. *| am much indebted to Keith Acheson and Dan Usher
for criticisms and comments but neither person should be
implicated with any remaining errors,
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genous transport costs, the balance of payments equi-
librium, and factor pricing problems. the two principal
results of the analysis will be that caﬁntries can-become
collectively worse oFF in trade than in autarky giveh
endogenously produced transport goods and second that
international payments will in general never be in bal-
ance in a world with endogenous transport goods. The
first result can be explained as follows: there are gains
from trade when factor endowments differ but there are
costs of trade when transport goods must be provided.
The process of decentralized decisign-mak:ng in the face
of observed relative international commodity prices can
in general induce people in different countries to trade
and in a wide class . of cases the respective societies
will consume more in transportation goods in the form
of factors foregone than can be gained from trade. This

can then be considered as a basic immiserization result.

We will observe that balance of paymenfs dis~
equilibrium is a general result with trade with endo-
genous transport costs and finally that reductions in
transport costs may not result in factor prices moving

closer together.

2. The Mode| and Equilibrium
| " Our modef will be comprised of two countries,

each producing three commodities, the commodity numbered
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[ in each country will be & transportation good. This
transportation good will be entirely consumed or eQapor-
ated (the term is Samuelson’s) in the process of trans-
porting either of the other‘tﬁo coﬁmodities between
countries. The transportation good will be tradable and
it will be aésumed that no transport costs are incurred
in thehtransit. This fatter assumétion is not essential,
Only commodities numbered 2 and 3 enter the utility func-
tions of the societies in the respective countries. The
model is similar to that developed by Samuelson [1954]
and Mundel | [f957] except that transportation is here
introduced as a third produced good whereas Samuelson
introduced it as a part of the two traded commodities
which evaporated in transit. The Samuelson model will
be illustrated as a special case of the model in this
paper in Section 4.

Let the production functions for commodities 1,2

and 3 in the home and foreign country be

- % CPRE N .
(2.1) y; =€;00;,k;,n;); y; = fi(li,ki,ni) (i=1,2,3)
respectively, where y; denotes the home output of com-

modity i, I; the labor input, k; the capital input, and
n; the resource input into the home production of com-
modity i. Starred quantities denote the correSpondjng
entities in the Foreigﬁ'country f; and FT are assumed to

be concave, positively homogeneous of the first degree




and difFerentiable.

The factors of production
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sub ject té the restrictions

are assumed to be

(2.2) 1yHigrlg 21 IfHIBRI 207

kytkhtky = k ; k*+k"‘+k3 = k¥

nptnigtng £n ; nT+n§+n§ £ n¥
where 1, &% are the fixed endowments of labour in the
two countries, k and [* the endowments of capital, and
n and n* the endowments of resources,

Factor-product coefficients will be denoted by

2.3 b ke
. ] y;f ¥k yi r 1 yi
% x %
% o —l-j: . b* == -li-i- . x =2 F"j‘
ai = YT t i y>i< K ci - y>F
) { !
when y., y? ~0, From the
M g K
(2.4) Fiaj,bj,c;) =1; f.(aj,b},c

%:

(i=1,2,3)

assumed homogeneity,

=1 (1=1,2,3).

Let w,r,s and ww,rw s* denote the wage rate,

rental oF capital,

tive countries.

defined for non-negative w,r,s and w¥,r%, s*,

and renta! oF resources in the respec-

The minimum unit cost functions are

by
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(2.5) g;(w,r,s) = min wa;+rbj+sc;:f;(a;,b;,c;) = I

% s w %
gi (wk,r%,8%) = min wha;+r¥bi+sict:

it bT,el) = |

el B A

These are also homogeneous of degree one, and concave

(cf. lzawa [1964]). The factor-product ratios entering
the minimum unit cost functions (2.5) depend on the factor
prices: when the dependence is unique, the tunctional

relationship will be denoted by

(2.6) @ (w,r,8) b (w,r,8),c;(v,r,3)

(i=1,2,3)

aT(w*;r*,s*),b?(w*,r*,s*),c?(w*,r*,s*)

where the functions are defined for positive w,r,s,
WK, P g%,

- ALet Py and P3 denote the price of the second and
third commodities relative to the first in the home
country. pz and p§ will be the corresponding prices in
~ the foreign country. Admissable prices for commodities
2 and 3 must satisfy the conditi on that the difference be-
tween p; and pf must equal the cost of transporting a
unit of i between the countries., Llet t; be the physical

amount of the transportation good required to make a round

trip in order to deliver a unit of commodity i on one way,
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(i=2,3). Since the price of the transportation good is

ﬁnity, then admissable prices are defined by
2.7) pg = p%ﬂz >0
p3 = P3t3 >0

when commodity 2 is exported by the foreign country and
commodity 3 is exported by the home country.

it will be reca!!ed3 that a point
(2-8) (Y[, ¥p,Y3) = (yl+yf,y2+y§,y3+y§)

of efficient world production is one for which there ex-

ists a vector p = (i.pz,p3,|,p§,p§) > 0 such that
(2.9) V =y *tpgyaipgyytyftesvitely]

is a maximum subject to (2.1) and (2.2). An efficient
point with diversification (the term is due to Chipman)

is defined as a point of efficient worid production such

that
(2.10) y; >0, y}>0 (i=1,2,3)

that is, each country produces a positive amount of each
commodity. We shall deal with the case in which such an
efficient pofnt exists,

A necessary and sufficient condition that there

be some factor endowments I,I1%,k, k*, n, n* for which an
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efficient point with diversification exists, is that the

system of equations

-a
s

2-") gi(w,r,S) = |

gy (wk,pi,8%) = |

=:‘ [N s s
gz(w,r,s) = P2 7 92(w4rp*;s¢) = pz

-

-e
-

93(w,r,8) = p3 93(wf,rf,8%) = P,

have a solution w 20, wt 20, r 20, s 20 s* >0,

From the assumpéions of diFFerentiabflity and
strict coﬁcavity of the production functions, it follows
(cf. Shephard [1953; pl1]) that the minimum unit cost
functions are differentiable for w>0, w20, r>0, r¥x=>0,

s>=0, s*¥>0, with partial derivatives equal to

. "
dg; (w,r,s) dg; (w¥, pk, s%) Koo
Iawl ’ e a;(W,P,S); i-aw; )r - = af(w*,r*,s*);
sk
3g; (w,r,s) 3g; (wk, r¥, s%) s .
LBP’ —~ = b;(w,r,s); Lgaﬁ; s = b{(w*,r*,s*);
ag;(w,r,S) __ ag?(w*,r*,S*) sk r "
Ss ~— = C;(W,r,s) - : = ci‘(w*,r*,s-ﬁ)

YL

Suppose (2.11) has a positive solution @ >0, Wk>0,F >0,
P =0, § >0,‘§* >0; then the cost-minimizing factor-product

ratios are these particular factor prices will be denoted

- - = K P oo ae
(2.12) &; = aj(¥,7,8); &; = a?(w*,r%,sa)
. t 7... . -2 0 poam ,

b;j = b;(w,7,8); b} =b;(wkrksx)

01
il
0
~
)
3
-
0]
p—
-a
O
I
(¢]
3
~
£1
2
-~
T
*
[ ]
X
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For these a.,S,,c,,al,ET,E,, the given solution W,w*

7, P%,8,8% of (2. II) must be a solution of the llnear system,

(2.13) ra, by &€ 0 0 O | |w I |
| as 52 cg 0 0 O r P2
a3 53 c3 0 0 0 s | |p3
0 0 0 & by &f|[ux E
0O 0 o0 &5 by &f||rx pa-tog
0 o o &j B3 a§ sx| | pytts

Recall that a non-negative solution of 2.13 indicates that
an efficient point with diversification exists or that
(2.9) has a maximum subject to (2.1) and (2.2). We are

5

assuming the required solution exists,

We shall choose our aggregate utility functions

to be

u = x262x363 3
(2.14) (6;>0, = 85 = 1)
' Y- "‘92 *93 J=2

u» = & 3

where these functions are defined over positive values
of commodity i( XE) consumed, Note that commodity I, the
transportation good yields no utility directly to con-
sumers. One cannot "live on” transportation goods,

A trade equilibrium will be a pair of vectors

(I,pz,ps,l,pg,pﬁ) which satisfies (2.7)
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and (Yic:nyVSrYTIYEry>§)

which define an efficient point with diversification and

satisfy
du_
dxo _ P2
=R
or

(2.15) * 8gp3x3-83pgxg = O

~ and ux
2xf _ el
du* pi
du? 3
aX3
or

(2.s6) ezp§x§ - 8ap%x% = 0
and

(2.17) y|+yf = xl+xT
(2.18) y2+y§ = x2+x§
(2.!9) y3+y§ = x3+x§

(2.20) x| = t3(¥3-x3)

~
[ N
[ N
—
X
|

= t2(¥§-xﬁ)

Conditions (2.15) and (2.16) are price equilibrium condi-
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tions in consumption of commodities 2 and 3 in the home
and foreign country respectively. Condition (2.17) is
a commodity balance relation for the transportation good:
production must equal the amount required in trade. For
example xT = tz(y;-xz) is the physical amount of trané—
portation good demanded to transport exports (y%-xi).
Conditions (2.18) and (2.19) are commodity balance
relations For commodities 2 and 3: the total amount
produced must equal the total amount consumed, Conditions
(2.20) and (2.21) are transportation good use relations.
For example‘the home country consumes or evaporates
Xy = t3(y3-x3) amount of transportation good in exporting
amount (y3-X3) of commodity 3.7

The existence of a trade equilibrium is assured
since the model satisfies the basic theorem of Debreu
which in turn permits the application of the fixed point
theorem of Kakutani.

Obsérve that an equilibrium in the payments balance
between countries does not in general obtain in a trade
equilibrium. Condition (2.23) or the transportation good
equilibrium condition in one sense displaces the payments
equilibrium. The production decisions by transportation
good producers and the demands by transporters cause
condition (2.23) to obtain in equilibrium. in the
familiar trade modei with zero transport cosfs, the activity

of trading equalizes product prices between countries and
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co-incidentally causes an equilibrium or balance to

obtain in international payments.

3. Welfare Aspects of a Trade Equilibrium

The equil ibrium déveloped in Section 2 is

illustrated in Figure | for the case of the home country.




2 -

2\

Figure 1.
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In Figure |, the axes are numbered in accordance
with the commodities. GFJ is the production possibility
surface in the home countﬁy. ABC is the price plane
indicating the relative prices of commodities in the home
country in equilibrium. This price plane will differ in
attitude from that in the.Foreign country because of the
existence of transport costs.ABC is tangent to fhe pro-
duction possibility surface at'poinf H. The home country
will produce UK of commodity 3 in equfiibﬁium, (The
production of éommodity 2 is not indicated,) The
community indifference curve is defined only in the
plane of commodities 2 and 3. The possible tangency
points of the community indiffeéence curve and the price
plane trace out line YC. The cqnsumption point in
equilibrium for the hbme céuntry is at Y. UW indicates
the amount of commodity 3 exported.

The production possibility block is projected
back along the transportation good axis to indicate that
a portion of output (and factors) have,been consumed'or
evaporated in the process of trade. In fact amount T%j
of the transportation good has been uéed up in expor%Tng

ﬁWﬁof commodity 3. The ratio Tfjuwiequats tq or the

Pa e g

physical amount of transportation good required to trans-
port a unit of commodity 3 between the countries.lo Amount
UW of transportation good is exported from the home country

to the foreign country.
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Let us briefly review the nature of equilibrium
in the familiar two country, two commodity, two factor
trade model. The basic theorems are as follows. (n
Profit maximizétion by producers causes the economy of
each country to attain an efficient point in the re-
spective country and commodity prices exist at the
ei’Ficient,points.II (2) Profit maximization by inter-
country commodity transporters causes commodity prices to
equal ize between countries when there are no impediments
to trade in the form of tariffs, taxes, or transport costs.
We have a series of other theorems which do not have
a behavioral foundation analogous to that in (I} and (2).

(3) Factor prices are equalized betwéen counfries
in@equilfbriuﬁ given certain assumptions on technology
and factor endowments. (4) The welfare in each country
is maximized in equilibrium gfven certain assumptions on
individual and group utility functions. (5) The inter-
national payments between countries are in balance in
equilibrium. Propositions (3), (4) and (5) can usefully
be considered as corollaries to propositions (1) and (2)
comb ined.

With a two country, three commodity, three factor
trade‘moaei where one commodity is a transportation goed,
we have seen that profit maximization by producers in the
respective countries causes efficient points to obtain.

Transportation good producers are included. Secondly,
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profit maximization by transporters of commodities between
countries causes commodity prices on goods 2 and 3 to
differ between countries in equilibrium by exactly the
cost of transport when such goods are in:fact traded.

Factor prices will never be equalized when trans-
portatioﬁ costs exist, Peapce[i970; p. 356]. ‘ We shall
consider this issue in detail in Section 5. We noted
that balance in international payments will not obtain.
We have been assuming that an interior solution to our
problem obtains or an equilibrium with diversification.
For such an equilibrium to obtain, certain restrictions
must be imposedon factor endowments, the technology of
production and the technology of transportation. These
_restrictions are neither unusual nor severe. However no
restriction is imposed on the relative magnituaes of
commodities pro&uced. In other words, if-a trade
equilibrium can exist with the givén data concerning
factor endowments and technology, such an equilibrium
will obtain because of the motivation of profit maximiza-
tion. There is no restriction on the amount of trans-
portati on good consumed in a trade equilibrium, 'In fact,
factor endowments and technology permitting, a tréde
equilibrium can conceivably obtain when say ninety per
cent of each country’s factors are being consumed in
transportation. The;e is nothing in the model to rule

this case out and in fact profit maximization by pro-
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duceps and transporters will cause it to obtain. Clearly,
a society may possibly attain a higher social indifference
curve by producing in autarky or not participating in
trade and thus avoiding producing or consuming any
transportation goods. The factors foregone in the pro-
duction of transportation goods can be used for the
production of the commodities 2 and 3. These latter goods
enter the utility functions of individuals and the society
as a whole whereas transportation goods do not.

To summarize, if factor endowments and technology
are such as to permit a trade equilibrium with diversi-
fication to obtain, profit maximization by producers
and transporters will cause that equilibrium to obtain,
and at that trade equilibrium, thereAis a determinable
amount of transportation good produced in both countries.
There is no economic mechanism which restricts the pro-
portions in which resources are devoted to transporta-
tion goods relative to commodities which yield utility
directly, namely commodities 2 and 3.IZ

In a trade quilibrium when there is a produced
transporfation good, both countries can be better of f
than in autarky, both can be worse off than in autarky,
or one can be better off and the other worse off than in
autarky. We can adapt Figure | to show the home country
better off in trade than in autarky or worse off in trade -

than in autarky. We take Figure | and twist the diagram
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so that the transportation good axis is projecting from

the page at a right angle to the page. Figure 2 results.




- 18 -

2 a)

2 b)

Figure 2.
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in Figure 2, the labels indicate the elements of the
diagram which correspond with those described for Figure
|, For example AB is the price line indicating the rela-
tive prices for commodities Z and 3 in a trade
equil ibrium. In Figure 2a the home country’s social
indifference curve is tangent to the price iine at Y, GJ
indicgtes the transftormation surfaée when no tranSporta—»
tion goods are being produced., In autarky no transporta-
tion goods need be produced and the indifference curve
would be tangent to the transformation surface at N,
Since the indifference curve through Y lies above that
through N, the society lis better off at the trade equi-~
{ibrium than in autarky. In Figure 2b, we have a situa-
tion in which the indiFFerénce curve through Y for a
trade equilibrium lies below that for a situation of
autarky, the curve through N. Thus the home country is
worse off in a trading situation. The behavioral foun-
dations of economic theory are such as to have the eéonomy
driven to the trade equilibrium as if by an invisible
hand, 7

In a centrally directed economy, situations of
trade with welfare losses relative to situations of
autarky would not arise. A central planner is always
free to rank alternative equilibria before these equilibria
actually obtain., A planner would evaluate the welfare

consequences of opening his country to trade at world
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market prices and compare that relative welfare level
with the fevel which would obtain in autarky. If welfare
was less with trade than in autarky, the planner would
decree autarky shadow prices to prevail on factors and let

the economy move to the autarky equilibrium.

4. The Samueison-Mundel | Evagoration'Modéi
' Samuelson [19547] made use of the following simpli-

fying aséumption in order to investigate the effects of
transportation costs on tEade: "To carry each good across
the ocean you must pay some of the good itself.,, just as
only a fraction of ice exported reaches its destination
as unmelted ice, so will a, and a,, be the fractions of
exports X and Y that respectively reach the other country
as imports. Of course, a, <| and a, <1, except in the
costless model, whepe they were each unity”. [1954; p. 1016]
| shafl refer to this assumption as the evéporation hy-
pothesis. Mundell [ 19577 subsequently utilized the same
assumption in his geometric treatment of transportation
cost in trade. I% is implicit in Pearce’s analysis of
transportation césts (1970; p. 350]. d

In the price space this assumption implies that
the equiiibrium condition for the traded good and the
transportation good associated with that traded good are

identical. That is for commodity 2 for example




.
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(4.1) wag + rbz = poy + p'tz = pg
and
(4.2) wao *+ rbs, = p| = py

for its transportation good.

Hence,
(4.3)  py = pp(i-ty)

We will not get distinet changes in the prices of
commodity 2 and its associated transportation good

when transportation costs exist., Recall that under the
evaporation hypothesis, different desired, traded goods
(commodities numbered 2 and 3 in Section 2) have distinct
fransportation goods associated with them,'

The model with four commodities (two commodities
each with its own transportation good) and two factors
under the conditions of the evaporatién hypothesis readily
reduces to a two good model. This is the simplification
Samuelson sought to exploit. fhe price equations for
transportation goods are redundant and we end up with a
two factor, two commodity model with a particular kind
of incomplete commodity and factor price equalization
indicated in (4.1), (4.2), and (4.3).

in price spaée, the equilibrium conditions are

identical to those obtaining if ti, the:transportation
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cost coefficient for commodity i, were actually a tariff
on commodity i. However in commodity space, the equi-
librium conditioné differ in the analysis of tariffs or
produced transportation goods with evaporation following
Samuelson. This is because a fraction of goods produced
is evaporate& in transit in model with transportation
goods and no physical evaporation of commodities takes
place in a trade mode! with tariffs., Tariffs impose
costs via shifts in the terms of trade whereas transpor-
tation costs impose costs via shifts in the terms of
trade and in terms of commodities consumed in the process
of &ransit,

The possibility of welfare losses being observed
in trade'equi!ibria compared with situations of autarky
carries over to this evaporation model. That is, there
is no limit on the total amounts of commodities and hence
factors vh ich will be evaporated in transportation if
trade takes place., However, the possibility of trading
transportation goods is not present in this evaporation
mode! and thus there is no possibility of observing trans-
portation goods produced where the comparative advantage

in their production lines.

5. Factor Prices and Changes in Transport Costs

In this section | attempt to interpret statements
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in the international trade |iterature concerning factor
prices moving closer together between two countries or
farther apart but not in fact being equal. in particular
| pose the question do factor prices move closer together
when transportation costs become less between countries?
The approach taken to answer this question is first to
define a situation when factor prices converge and then
to conduct numerical comparative static tests with Cobb-
Douglas production functions,

In the textbooks, we do in féct have statements
concerning movements of factor prices when there are
distortions in trade. Consider the tollowing two quotations:

(1) "We can say that with tariffs and transportation
costs, there is still [given trade] a tendenéx toward
factor price equalization without its being complete” Heller
[ 1968; p,101].

(2) "Since factor prices can never be equal where
transport costs exist, it follows that, if the set of all
:Qéighted averages of techniques in use abroad in the pro-
duction of all commodities...overlaps the set of all
we ighted averages of techniques used in the home country
...then there must exist at least one commodity in pro-
duction abroad satisfying pj -+ tj £ p? and/or one com-
modity in production abroad satisfying p? +t, & pﬁ. The
situation cannot be one of equilibrium. Production of the

"maverick’ commodities must be falling....Hence factor
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prices will become more eque!"..PEarce [1970; p. 3567
The question is, what constitutes a tendency toward faétor
price equalization-and if such a tendency has a meaniﬁg,
does it obtain when transportation costs are reduced?
Neither Heller nor Pearce define their change in factor
prices,

We will use the following definition of conver-
gency of factor prices. |t will serve both for two factor
and three tactor cases., If the sum of the absolute values
of the deviations of factor prices between.two countries
is smaller in situation A than in situation B then we say
factor prices have converged in the transition from sifua-
tion A to situation B. The opposite result will be
divergence of factor prices_and when the sum of the
absolute values of the deviations of factor prices is
zero then tactor price equalization has obtained., This
definition is consistent with the following notiohfsﬁrf
vectors x,y, and z are related as follows x «y <z we
might describe y as being “closer to” x than z or “more
equal to” x than z. And if y’ changes to y” from a
pertturbation in such a way that x <y” -y’ then we might
describe the change as one in which y’ tends to x. We
must normalize prices by the same procedure in the two
situations under comparison.

We will define an increase in transportati on costs

to have occurred in situation B when the sum of the values
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of the transportation requirement coefficients in
situation B exceeds the sum in situation A.'4 In other
words, when more physical unifs of ;ransportatién good
are required in a position of trade than in another, we
say transportation costs have increased in the former
relative to the latter situation.

Qur observation is the following: As transpor-
tation costs decline, factor prices do not necessarily
move closer together in countries A and B with three
commodities and three factors when one cbmmodity is a
transportation good.‘s The transportation good will be
number | in these experihents.

‘We set up the price equilibrium conditions as in

(2.11) for the case of Cobb-Douglas production functions

and after the values of the transportation costs. The

familiar price equilibrium conditions are presented be |l ow,
ap By ¥
w I 's k' = P
aerZ 52
w'r s kz = py
wa3r83s X3k3 P3

for the home country and

o By, Y
wk p*¥ 8% ki = plfl'tlps

o557 *825 KZ

wf r %A k2 = pz*tsz
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ay B ¥
w* 3]'.' 3 35* 3k3 == p3
for the foreign country.
here k fi i il l-ai + Xi i Bi ’-Bl
w o= —)
' Bill ¥i a; ¥
|
+ G.i Bi
and a; +8; + ¥; =1, 0<a;, By, Y ;i <l

In Table |, we have three examples illustrating

the proposition.

TABLE |

Product ion CoeFFiéiéntg!For the Two Countries

o = 0.5 By = 0.15 ¥, =0.35
ay = 0.85 82 = 0.10 ¥, = 0.05  (TIA)
ag = 0.6 By = 0.10 fy=0.30

Prices in_the Home .Country

p| = 2.71 w= 1.0
py = 1.68 o= 1.0 (T1B)
p3 = 2145 ) S = !-0 ’
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(TIC)
Prices in the Transport  Factor Price Transport
Foreign Country Coefficients Deviations Costs
wx (3 g% t) t3 tytty
1.3 0.95 0.6019 0.0583 0.1452  0.7481 0.2035
.2 1.40 0.6208 0.0276 0.1225 0.9792 0.150]
1.8 0.95 0.3140 0.1243 0.3744  1.5360 0.49%8
e 1.40 0.3402 0.0879 0.3168  1.6508 0.4046
1.6 0.95 0.3974 0.1009 0.2849 1.2526 0.3859
' 1.5 1.25 0.4126 0.0785 0.2605 1.3374 0.3390

We observe in Table | for each example in part TIC we

see trom the last two columns that Transport Cpéfs decline
and Factor Price Deviations increasé. Factor price
deviétions are de?ined as the absolute value of (w¥-w)+

(r¥-r)+(s%*-s).

6. Conclusions

By not abstracting from transportation costs in
an examination of a simple general equilibrium trade model,
we have discovered some important anomalies. The activities
of people in markets can lead them to be made §o!iective!y
worse off., More potential output can be consumed in

effecting trade than can be gained tfrom trade in many
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cases and there are no signals to direct people away
from this outcome. The model used to derive this result
is quite general judged by the standards'oF modern
economic theory. The question presenting itself is
whether the model is implausible or whether the results
in this paper are relevant to actual trading situations,
There is a bulky literature on trade issues suggesting
that transportation costs severely circumscribe the gains
from trade for underdeveloped countries exporting primary
commodities and importing manufactured commodities.
Arguments of this genre emphasize the terms of trade
effects of transportation costs, But where the real burden
of transportation costs falls (orﬂthe fncideﬁce of evapora-
tion) must also be investigated. The model in this paper
is relevant to these issues. |

However, to the extent that trade takes place
between begions, countries, or cities which produce
localized commodities, then the model is less relevant.
For example consider an agricultural region exporting
wheat to a city which in turn exports manufactured goods
to the rural area. Because there may be substantial real
losses from tranSporfation, the city cannot change to
an autarky position. Wheat cannot be grown in town.
There is really no way in which the costs of trade, the
fransportation goods consumed, can be avoided. A trade
equilibrium will obtain but we cannot say that there

are welfare losses relative to an autarky situation since
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the autarky situation is not a possible equilibrium,
Product cycle theories of trade are variants of this
conception of a world with trade. Technically speaking,
technology may not be smooth in the‘way in which we have
assumed it to be in this model,

We should note that there is a fundamental
difference between introducing endogenous transport costs
on the movement of commodities compared with costs on the
movement of factors. In the absence of transport costs,
the world production péssibility set is enlarged with
commodity trade over the situation in autarky. However,
with or without factor mobility and commodity tréde, the
wor ld production possibility set remains the same,.
Endogenous transportation costs on factors can only shrink
the world production possibility set whereas endogenous
transport costs on commodities still allows for the
possibility of an enlargement of the world production
possibility set with trade than the world production
possibility set in autarky.

The introduction of transportation costs to trade
models implies a variety of mobility assumptions concerning
flows of goods and possibly factors. Samuelson [E953;

p. 12] hag made explicit the usua!iy unwritten assumptions
in Heckscher-Ohlin analysis, factors are assumed to have
infinite transportation costs and cgmmodities to have

zero transport costs. Pearce [1970; p. 3217 has in fact
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e levated mqbiiity assumptions to a pivotal position
distinguishing interregional from international trade,
He defines interregional trade to exist when factors are
hobile and international trade to exist when factors are
immobile. In both cases of course commodities are
assumed to be mobile.

Where trade theory has been under-uti[ized issin
explaining the nature of economic landscapes within
countries, It is in this realm oF“Focus that mobility
assumptions in a Heckscher-Ohlin model become crucial in
explaining economfc topography. In international economic
relations the abstraction from trénsport costs may not
have distorted the basic analytics of the phenomenon of
trade. The above analysis can be viewed as a contribu-
tion to international trade theory and also as a model

for location analysis,
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FOOTNOTES

The Viner and Mundell treatments are summarized in

Herberg [ 19687. Herberg also develops a new
framework for analyzing the effects of transport
costs on commodity prices.

Had!ey and Kemp deal only with the question of exis-
tence and the results in this paper were not
adumbrated in their contribution. Pearce’s
analysis was conducted in terms of one repre-
sentative country in trade and details of how
transportation costs were introduced or of balance
of payments equilibrium were not discussed.,
Pearce’s analysis of transportation costs pre-
cluding trade was conducted in an offer curve
framework in a modified Edgeworth-Bowley box.

The original result on efficient points is due to

Koopmans [ 19517,

See Chipman [1970b7. This condition is the familiar

one stating that in equilibrium, no industry will
be earning excess profits in either country.
Inequalities would obtain in (2.11) if specializa~
tion (non-diversification) were permatted We

are thus restricting ourselves to "interior
solutions” . :

This is a question of having factor endowments

which permit an ”interior solution” to obtain.

This form of aggregate utility function can be

derived from individual utility functions of a
like form and thus desirable aggregation
properties are preserved. See Chipman [1970a;

pp. 236-377.

We are making the following assumption about insti-

tutional arrangements: namely that the transpor-
tation good is linked with the good transported
at the point of export. Alternate institutional
arrangements are conceivable and such alternate

specifications will change the quantitative aspects
of a trade equilibrium but not the qualitative
ones,

Debreu [1959; p. 19] presents the result. We have

admissable vectors in S, the environment of a
certain agent, in this case the production system,
T is the set of output vectors a priori available
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to hima B(p) Gssumed to be closed for every p

in S) is the subset of T to which his choice is
actually restricted by his environment p.

f(p,y), a continuous real-valued function on

SxT, is the gain or value of net output for that
agent when his environment is p and his action is
y. Given #, oneis interested in the elements of
P(p) which maximize f (now a function of y alone)
on P(p);: they from a set K(p). One is also
interested in g(p), the value of the maximum of
f on P(p). Theorem: If f is continuous on SxT,
and if ¢ is continuous at p ¢ S, thesH is upper
semi-continuous at p, and g is continuous at p.
Kakutani’s fixed point theorem can now be in-
voked and the existence of a trade equilibrium

is assured, :

9. Since a balance in international payments does not
obtain in this model, a monetary mechanism must
develop in order that international credits and
debits can be introduced., This should not be
surprising although the inherent absence of balance
in international payments is | believe a new
result,

10. See Footno#e 7 o

1. Not all conceivable technologies permit this result
to obtain. | am restricting the discussion to
wel l-behaved . or what might be termed orthodox
cases, These propositions hold of course in
many cases with more than two countries, more
than two factors, and more than two commodities.

12, We have been proceeding as if the trade equilibrium
were unique. This is correct if as we have been
assuming an equilibrium with diversification ex-~
ists. |f there were two factors in each country
then an equilibrium with specialization would
obtain. Only one country would produce trans-
portation goods. This can be seen readily by
examining the zero profit conditions of (2.13)
when production functions are Cobb-Douglas and
each country produces three goods with two factors.
Note prices between countries for the two goods
traded at positive transportation costs must
differ and prices between countries for the trans-
portation good must be the same.

I3. Consistent is used here to mean that the vector order-
ing xey «z satisfies the definition used in the

paper but that the definition used in the paper
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does not necessarily satisfy the stated vector
ordering x 2y <z for y close to X.

The following examples indicate the results is also
"true if we define a change in transportation
costs in value terms, p;t;, nather than in only
physical terms.

This result holds for two countries, three commodi-
ties and two factors also. Analogous simulations
have demonstrated this.
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