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Abstract: Since 1950, trade has increased faster than product and has concentrated among de-
veloped countries and in manufactures. To explain these trade patterns, Markusen (1986) and
Bergstrand (1990) have developed general equilibrium models where income per capita levels play a
key role in the determination of trade. These models provide a theoretical formalization of Linder
(1961). Little work, however, has tested this theory quantitatively.

This paper introduces a model that builds from the previous literature. The main goal is to measure
how much of the increase in the volume and concentration of trade seen during the post World
War 11 period can be accounted for by considering preferences as a \non-trivial” determinant of
trade. This research represents the ~rst attempt to quantify this feature using a calibrated general
equilibrium model.

We " nd that the introduction of nonhomothetic preferences, although consistent with the directional
changes in the data, cannot account for a signi cant part of the change in the level of trade.

How surprising is this? Not particularly, when we consider that the ratio of trade to product and the
concentration among developed countries were greater 100 years ago than today. If nonhomothetic
preferences were signi cantly driving the patterns of trade, trade should have been much lower and
less concentrated in the past. So, why was trade so high and concentrated during the last century?
And why has trade increased so fast since the 1950s? Many elements seem to be important for ex-
plaining these patterns. Among them, trade policy appears as especially signi cant. Low restrictions
during the nineteenth century { and in particular by the 1860s { may have played an important role
in the determination of the level of trade. Since the 1950s, the world has experienced a reduction in
manufacturing restrictions, mainly among developed nations, and an increase in regional trade, em-
phasized by the creation of the European Community. Our concern should then be, how important
has policy been for the evolution of trade levels? This question seems crucial and should receive
more attention.

(JEL classi cation:F12,F14,D58)

1] am very grateful to Tim Kehoe, Ed Prescott and the members of the Applied Theory Workshop at
the University of Minnesota for helpful comments. All errors are my own.



Introduction

During the post World War 11 period, three main facts have characterized the evolu-
tion of international trade patterns. First, trade has increased faster than product; second,
trade has concentrated among developed countries; and third, the share of manufactures to
total trade has raised. (See Bergoeing 1996 and Deardor® 1984.) Some static facts become
also apparent from the data. In particular, since the beginning of the Industrial Revolution,
developed countries have tended to trade manufactures among themselves and to export
them to the rest of the world from where they have imported primaries?.

\Traditional theories" of trade, based on comparative advantage, explain trade as
the result of di®erences in relative autarky prices, either because of endowments - the
Heckscher-Ohlin model - or technologies - the Ricardian model. The more dissimilar these
are, the larger the volume of trade. Therefore, to explain the pattern of trade between the
United Kingdom and the rest of the world during the " rst half of the nineteenth century, or
to predict the pattern of trade for the newly incorporated nations of Eastern Europe during
the coming years, a Heckscher-Ohlin model may be appropriate. But, how do we explain
the fact that, consistently, more than two thirds of world trade occurred among industrial-
ized countries? World economic activity is mainly located in those countries and therefore
is not surprising that a high volume of trade occurs there, but their trade is proportionally
higher than their share in world production. How do we even explain the existence of this
trade? It is clear from the data that comparative advantages are not able to fully account
for the trade facts.

The \new theories™? of trade introduce imperfect competition and explain trade by
assuming the existence of economies of scale and love for variety. A set of many varieties
of di®erentiated products are available for potential production and countries tend to spe-
cialize in the production of some of these varieties by exploiting economies of scale* and
engage in trade in order to make all varieties available in each place. In these models, the
closer in terms of market size - as measured by GDP - two countries are, the more they
trade. In fact, trade between two countries is maximized when they are identical. This
model is typically used to explain the existence of trade in manufactures between developed
countries.

Therefore, the previous theories complement each other and together explain the
static structure of trade patterns; trade between developed and developing countries in pri-
maries and manufactures would be explained by the former, and trade among developed
countries in manufactures by the latter®.

An integrated model of trade is, therefore, able to explain the static characteristics
of trade, but what happens with its evolution over time? How well can we explain the

2Trade of manufactures for manufactures is typically referred as intra-industry trade and trade of man-
ufactures for primaries as inter-industry trade. For these facts, see again Bergoeing (1996).

3See Helpman and Krugman (1985) for a description of these type of models.

4The concept of increasing e==ciency by using division of labor introduced by Adam Smith in 1776 is the
base for this type of trade.

SA few models introduce the existence of exchange of commodities that belong to the same industry
- typically referred as intra-industry trade - within the structure of a Heckscher-Ohlin economy. See for
example Chipman (1992). Here, however, we will follow the more usual monopolistic competitive market
assumption to talk about product di®erentiation.



dynamic facts observed since the end of World War 11? As we will see next, there is no
evidence of the ability of this model to account for either the concentration in directions -
intra-developed countries trade - and composition - intra-industry trade - or for the increase
of trade as a fraction of income.

To explain the rise in trade among developed countries, the Heckscher-Ohlin struc-
ture would require an increase in their relative endowment di®erences, which does not seem
to have happened. (See Deardor® 1984.) The rise in two-way manufacturing trade is,
obviously, not explained either. The monopolistic competition model would require that
developed countries had became relatively more similar in terms of size, to explain the
concentration of trade among them. Evidence in this respect is not clear. Finally, because
of the more specialized nature of intra-industry trade, the concentration of trade among
developed countries would lead to the relative increase in the share of world trade in man-
ufactures, but as Leamer and Levinsohn (1995) say, the empirical studies that accompany
this theory have not been able to provide strong support.

With respect to the evolution of the ratio of trade to income, again, both models
have problems when accounting for the evidence. Their common assumption of identical
homothetic preferences imposes independence between consumption patterns - and there-
fore trade patterns - and income per capita levels®. Increases in the level of income per
capita shift proportionally the consumption of all goods and as a result neither directions
nor composition are a®ected. The share of consumption to income is not a®ected as well.
Furthermore, in the case of the Heckscher-Ohlin model, the assumption of constant returns
to scale and homothetic preferences imposes constant ratios of trade to income. Therefore,
two countries with di®erent sizes will trade identical fractions of their income’. Finally, in
the monopolistically competitive model, a convergence in the size of developed countries
would increase their share of world trade but, as we just said, with no response in the ratio
of trade to income due to changes in the level of income per capita.

Since the end of World War 11, per capita income levels, as reported by Parente and
Prescott (1993), have increased as a result of the wealth distribution shifting up. Wealth
disparity has not changed however. The distance between the richest and poorest countries
has remained essentially the same. Changes in the level of incomes per capita may have
had, therefore, important e®ects on trade that are not being captured in a homothetic en-
vironment.

As we will see next, by introducing preferences as an explanation for trade, the
integrated model previously described becomes theoretically more consistent with the trade
facts, especially, with respect to the evolution of trade since the 1950s.

Linder (1961) considered preferences as a determinant for trade. He observed that
trade was being held mainly by industrialized countries and that it was concentrated in
manufactures. Linder's conjecture was that manufactures trade is the result of a domestic
market for that type of good. When production is established, producers will look for other
markets where to put their products and they will nd them in countries where preferences
are similar. Then, he argued, since income per capita determines preferences, we would
expect that this type of trade would be mainly held between countries with similar income

8By assuming identical homothetic tastes across countries, the consumption side of the model is neutral-
ized. Trade, therefore, behaves similarly to production.
"This is another fact of trade that is at odds with this literature. See Arad and Hirsh (1981).



per capita.

This seems to have been the case of England in the nineteenth century, also the
one of Japan where the invasion of textile markets was achieved with an industry that was
supported by a growing domestic demand for low-grade cotton cloth.

Linder did not formalize his theory, however. Since then, many models that are, at
least in part, consistent with Linder's conjecture have been created. Krugman (1979), Help-
man and Krugman (1985), Markusen (1986) and Bergstrand (1990) are some examples®.
The model in this paper is theoretically based on their work. It introduces preferences by
assuming nonhomotheticity in an economy where both comparative costs and division for
labor with taste for varieties explain trade. Such a model seems to move in the right direc-
tion when trying to account for the patterns of trade, especially for explaining the dynamic
facts. Trade as a fraction of income will increase as the economy grows and specialization
in high income elasticity goods - for example, manufactures - mainly traded by developed
countries, occurs. Therefore, given comparative advantages, trade concentrates among rich
economies, and its increase is mainly explained by the exchange of manufactures®.

Little work, however, has been done in order to provide quantitative support for the
importance of preferences in trade. In particular, these studies are typically characterized
by the estimation of a set of equations that is consistent with Linder's ideas. These equa-
tions are derived from gravity type modelsi®. But, as Deardor® (1984) notes, their lack of
theoretical foundation weakens their conclusions.

This paper's main goal is to to quantify the e®ect of nonhomothetic preferences in
trade. We want to know how much of the increase in volumes and change in directions and
composition of trade can be accounted for by introducing preferences as a \non-trivial''"
determinant of trade in an otherwise standard Heckscher-Ohlin-Chamberlainian type of
model. We do so by calibrating a model to OECD trade data and then simulating the
evolution of endowments across regions since 1965.

As noted above, the assumption of nonhomothetic preferences in an otherwise stan-
dard general equilibrium Heckscher-Ohlin-Chamberlainian model of trade seems to have
some empirical support in accounting for the dynamic facts of trade in the post World War
Il period. Speci cally, the increase in the ratio of trade to income and the rising concen-
tration of trade among developed countries and in manufactures seem consistent with a
nonhomothetic model.

The justi cation for a nonhomothetic environment has a basis in microeconomic
analysis as well. If preferences were homothetic, with individuals facing identical relative
commodity prices, the fraction of income spent in a particular commodity should be the

8See Bergoeing (1997) for a survey on this literature.

9We will consider manufactures trade as the exchange of di®erentiated products. As we will see later, as
intra-di®erentiated products trade increases relative to the trade with homogeneous goods, a larger fraction
of production is traded.

10g¢e, for example, Bergstrand (1985)

preferences could be trivially introduced by neutralizing di®erences in technologies and endowments
and tautologically account for trade as a result of di®erences in tastes. Here, however, we will keep the
assumption of identical preferences across countries but we will introduce nonhomotheticity.



same across consumers with di®erent income levels. Thus, if these fractions vary, the as-
sumption of nonhomothetic preferences becomes an empirical regularity. 12

The next table presents data on average annual expenditures for consumers in the
United States across quintiles of income. These data have been constructed based on the
consumer expenditure survey 1990-1991 published by the Bureau of Labor Statistics of the
Department of Labor. Each column shows the fraction of total expenditures that con-
sumers belonging to a particular quintile of income spend on di®erent items. As we just
said, we use data from a single country to be clear that consumers face identical relative
prices. Transport costs and tari®s, among others, break the equalization of relative prices
across countries, which prevents us from using data for consumption shares in poor and rich
nations as an empirical base for rejecting homotheticity.

Table 1
U.S. structure of consumption, 1990
(fraction of total expenditure, quintiles)

Item 1st 2nd 3rd 4th 5th
Food 17.40 | 16.97 | 15.09 | 14.38 | 12.21
- at home 1282 | 12.19 | 986 | 8.68| 6.73
- away from home | 458 | 4.78 523 | 570 5.48
Housing 36.43 | 32.71 | 30.50 | 29.44 | 29.34
Transportation 14.07 | 16.92 | 18.44 | 18.92 | 16.34
Health care 773 7.26 | 6.04| 462 | 3.73
Others” 24.37 | 26.14 | 29.93 | 32.64 | 38.38

Source: Department of labor (1992).
(*): The category others includes items like reading,
education, tobacco and alcoholic beverages.

The table shows that these fractions do vary across quintiles of income in the United
States. For example, we can see that food represents a higher fraction of total expenditures
in lower income segments of the population than in higher income ones. This fact is even
more clear if we look at food expenditures at home. In this case, 12.82 per cent of the total
expenditures by the consumers in the lowest quintile is allocated to this item but only 6.73
per cent at the highest quintile. Evidence with respect to nonhomothetic preferences is also
provided by Ballance et al. (1985) and Crafts (1980).

The paper is organized as follows. The rst section introduces the model. In section
2 we de ne an equilibrium and present the set of equations that characterize the solution in
our economy. Section 3 establishes a connection between patterns of trade and nonhomo-
thetic preferences. In section 4 the model is calibrated to OECD trade data, and a series

12\When looking at dynamic data we observe that since the middle of the nineteenth century the evolution
of the composition of trade has been strongly a®ected by the evolution of income per capita. Manufactures as
a whole and especially certain types of manufactures in particular have increased systematically with income
per capita as shown in Bergoeing (1996). These data, however, provide weak support for nonhomotheticity
because of the changes in prices that may have occurred over time.



of numerical experiments is performed in order to quantify the e®ect of preferences in the
evolution of trade patterns. Finally, in the last section, we present the conclusions of this
paper and discuss some extensions for future research.

1. A Standard Model of Trade with Nonhomothetic Preferences

The model presented in this section is characterized by three main features: compar-
ative advantages to explain inter-industry trade; economies of scale and taste for varieties
to account for the existence of intra-industry trade; and nonhomothetic preferences to in-
troduce income per capita levels as an explanation of trade. This model is based on the
work by Krugman (1979), Dixit and Norman (1980), Helpman and Krugman (1985) and
Markusen (1986). We will refer to it as a nonhomothetic Heckscher-Ohlin-Chamberlain
model. We will use it to account for the facts previously mentioned.

We will solve a static economy problem with a single homogeneous commodity and
a continuum of potential di®erentiated products as the only tradable commodities. We will
have a non-tradable commodity that will become relevant for both the understanding of
the e®ect of nonhomotheticity in trade patterns and the calibration exercise presented in
section 4.

The environment for this economy is described by: n countries indexed by j; three
types of commodities { di®erentiated-manufactures yJ (i) for i 2 ¢ = [0; D], with the mea-
sure D nite in equilibrium but in nitely large potentially and endogenously determined,;
homogeneous-primaries x}; and homogeneous-service products ;. The primaries and di®er-
entiated products are tradable but services are not;3 all consumers of a particular country
share the same utility function; identical technologies and preferences across countries;
and two types of factors of production, labor (I) and capital (k). Each country is endowed
with B units of labor and kJ units of capital. Labor is not equally productive across coun-
tries however. Let h be a productivity equivalent parameter such that B bodies are equal
to i =T e®ective units of labor in country j.

Next, we introduce the consumer's problem, ~rms' problems, and feasibility condi-
tions that characterize the equilibrium.

1.1 Consumer's Problem

Each consumer in country j maximizes the nested Cobb-Douglas-CES-Klein-Rubin
type utility function®®

Z —
S e ORI DIC T ROR ®

BIn what follows we will refer to x{) and Xx; as the consumption of the homogeneous and non-tradable
good, respectively.

14gee Stigler and Becker (1977) who argue that \tastes neither change capriciously nor di®er importantly
between people".

15Klein and Rubin (1948) ~rst introduced the linear expenditure system.



subject to the budget constraint

z
o) (i)yI (i) di + poxd + pjxj = Pkl +Wh: )
i2¢w

x¢, Xj, and yl (i) are the consumption of each individual in country j for each type of
commodity and for each i. Consumers’ preferences for di®erentiated products extend over
an in nite set of products which we index by [0,1). Only a subset of these varieties is
available for consumption, however. €% = [0; D] represents the set of varieties available
in the market. D" is the measure of di®erentiated products produced. The constant % is a
requirement for minimum consumption and will represent the degree of nonhomotheticity.
We will impose the restriction that the production of the homogeneous good be bigger than
%l, i.e., that the homogeneous sector is productive enough to provide the subsistence level
of the homogeneous good to all consumers.t® It is also imposed that all consumers have
enough income to purchase more than % units of x}. Notice that the assumption of nonho-
mothetic preferences, together with the existence of di®erences in labor productivity across
countries, results in the equilibrium being dependent on both the endowment of e®ective
units of labor and the size of the population. If the population is doubled but the produc-
tivity of labor is cut in half, the equilibrium changes. If preferences where homothetic, the
equilibrium outcome would be una®ected.

The variables po, ¢! (i) and pj are the prices of the homogeneous, di®erentiated and
non-tradable commodities, respectively. The rental price of capital is rJ, and W is the
rental price of labor services. Finally, because of the assumption of free trade, the prices
of the tradable homogeneous commodities are equalized across countries. Each variety, as
we will see later, will be produced in only one place, and when factor prices are equalized,
they will be sold at the same price.

Each individual is assumed to be endowed with one unit of labor. Therefore, the
individuals have W units of e®ective labor.

This utility function has a Cobb-Douglas structure at the inter-industry level, i.e.,
unit elasticity of substitution between di®erentiated products and the homogeneous com-
modity, and a constant elasticity of substitution (CES) structure at the intra-industry level,
i.e., among di®erent varieties of di®erentiated products. The elasticity of substitution be-
tween any two pairs of varieties is nite and represented by 2 = 1=(1 j %). We impose % to
be between 0 and 1. % <1 (2 nite and positive), guarantees that the product varieties are
imperfect substitutes (this assumption is known in the literature as \love for variety".1")
We also assume % > 0 (2 > 1), because with the Cobb-Douglas speci cation, the elasticity
of substitution between Xy and any i1 2 € is one. Thus, we impose that the di®erentiated

18\With trade, %I¥ can be larger than the production of the homogeneous good in country k but it is still
restricted by the world production.

1"This assumption captures the notion that each variety is value per se. For example, if a measure D of
varieties is available to consumers and each variety has the same price g; with the varieties not produced
with an in nite price, consumers will consume all varieties in the same amount. Then, the sub-utility derived
from their consumption is given by D®1=*E(i)=q; with E(i) denoting the expenditure level allocated to
di®erentiated products. Therefore, for a given level of spending and price for di®erentiated products, utility
level increases as the \number" of varieties expands.



products be closer substitutes among themselves than with the homogeneous product. We
also assume that 0 <® + < 1, so that the utility function is concave.

We use a Klein-Rubin utility function to introduce nonhomothetic preferences.
Thus, consumption patterns are dependent on income per capita.*® If % = 0, we have
a standard homothetic utility. If % & 0, the income elasticities of demand are not equal
to one anymore. The homogeneous commodity has an elasticity lower than one and the
other two types of commodities have elasticities greater than one. In this case, as incomes
per capita di®er across countries, so also do patterns of consumption. Richer countries will
spend as higher fraction of their income in di®erentiated products and non-tradable and a
lower fraction of their income in the homogeneous product than poorer countries.

The imposition of a minimum consumption requirement only on the homogeneous
good has an empirical justi cation, since the consumption of di®erentiated products and
the non-tradable good { interpreted as manufactures and services, respectively { increases
more than proportionally with growth.

1.2 Firms' Problem
Firms solve the following problems:

1.2.1 Homogeneous Product (perfectly competitive)

A representative rm in the homogeneous product sector minimizes, given prices,
i) + Wi (3)
subject to

Q) - pkd BT (4)

1.2.2 Non-tradable product (perfectly competitive)

A representative rm in the non-tradable product sector minimizes, given prices,

rik; +wl; (5)

subject to

Qi - uT; (6)

18 Another way of introducing consumption patterns dependent on income per capita levels is to follow
Lancaster (1979) where goods embody varying combinations of high-income and low-income characteristics,
then one would expect countries to have preferences more weighted towards the goods with characteristics
according with their income level.




Perfect competition and constant returns to scale technologies imply from Euler
that both pro ts §o and §; are equal to zero in equilibrium.

1.2.3 Di®erentiated Products (monopolistically competitive)

A typical rm in the di®erentiated product sector maximizes, for each variety,
1(i) = o (Dyw() § FPKIG) § W) with ™

®yy (1) (MY %IY) .
koew Yw(K)tdk

¢ (i) = ®

yw(i) = pakd (iYA(maxfP (i) j T¢; 0g)LiA: 9

Furthermore, the sector is characterized by the existence of free entry.

Equation (8) is the inverse demand function. yy (i) is the world demand for variety
i faced by the producer. The parameter I represents a ~xed cost to production that is ex-
pressed in eRective units of labor. With this ~ xed cost, average cost is decreasing and ~ rms
face internal economies of scale. These economies of scale are small, so that the industry
can accommodate many producers. We assume that rms can costlessly di®erentiate their
products. The equilibrium in this sector is assumed to take the form of Chamberlainian mo-
nopolistic competition, where each rm has some monopoly power but due to the existence
of free entry, monopoly pro™ts are zero. 1° Because we assume that the potential range of
varieties is a continuum, oligopolistic interaction is negligible. Because of the existence of
a xed cost and nite endowments, however, only a nite measure subset of the range will
be produced in equilibrium. Thus, the measure of varieties produced is endogeneized by
assuming free entry to the industry. Because new products can be created without cost, and
producers can do better by doing so than by sharing the market with an existent producer,
each variety is going to be produced in equilibrium by a single producer. Finally, since
we assume that each variety is produced with the same technology, while consumers value
them symmetrically and there is free movement of factors across sectors, in each country,
each di®erentiated product is produced in the same amount and sold at the same price in
equilibrium. Later, when the model is solved with factor price equalization, the previous
result will be extended to all producers of di®erentiated products, independent of the coun-
try where they operate.

From (9) we see that a variety is produced only if there is enough labor to cover the
“xed cost If.

19As in Chamberlain (1933), every ~rm chooses a variety and its pricing as to maximize pro™ts, taking as
given the variety choice and pricing strategy of the other producers in the industry.



1.3 Feasibility

In what follows, we present the feasibility conditions for the homogeneous, non-
tradable, and di®erentiated commodities, and for labor and capital. Capital letters represent
aggregate consumption of each commodity at each country.

X X .
X3 =""pokd 7 (10)
i=1 i=1
X; =pkiT;'" at each j: (11)
X X . - =
Yi(i)= k! (i) (maxfl (i) j Tf;09)ti” eachi2 ¢™: (12)
i=1 i=
- Z - - Z - - -
R+T+  Ridi=Ty+T;+  [@@)+H)di=T ateachj: (13)
i2¢) i2¢)
- Z - -
k) +k; + Ki(i)di = ki at each j: (14)

i2¢i

Each di®erentiated product is produced by only one rm so that in (12) the total

production of each i is strictly positive only for some j. Moreover, in (13) and (14) T’(i)
and Kk (i) are positive only for the products that are produced in the country.
Since, in each country, each variety is going to be produced in the same amount,
ioei K (i)di = DIKI (i).

2. Equilibrium: De nition and Solution

In this section we de ne an equilibrium for this economy and present the set of
equations used for solving numerically this equilibrium.

2.1 De nition of the Equilibrium
An equilibrium in this world is a set of allocations IY 3 (i) x4 X; ;?j (i);Tj T K (0); k{');
kj], a set of goods prices [po; ¢! (i); pj], a set of rental factor prices [W); r1] and a measure of

di®erentiated products DJ, for all i 2 ¢% and for each j, such that, given goods prices and
rental factor prices:

1. The consumer's problem is solved,

2. The rms' problem are solved, and



3. Feasibility conditions are satis ed.

2.2 Equilibrium Solution

We will present the unknowns and equations that characterize a free trade interior
equilibrium in this economy.

The unknowns are (j and k index countries):

x¢ demand function for the homogeneous good,
yJ (i) demand function for variety i, i 2 ¢V,

X;j demand function for the non-tradable good j,
r} rental price of capital,

wi price of the e®ective labor service,

po price of the homogeneous good,

¢! (i) price of variety i, i 2 ¢W,

pj price of the non-tradable good,

DJ varieties produced at j,

DW varieties produced in the world.

k{), kj(i), kj: allocations of capital across secors,
I, P (i), Tj: allocations of efective labor across sectors, and

Q; Qi(i); Q;: production levels.

Since the demand functions are homogeneous of degree zero, we normalize prices so
that a certain price index remains constant. Let, therefore, normalize prices according to
the { based on consumption weights { price index “po + ®q! + (1 § ® § ~)p; for some j.
All prices, therefore, are expressed in terms of this index and wages, for example, are real
wages. This index is country-independent when factor prices are equalized.

Because there is free trade and symmetry in preferences and technologies for di®er-
entiated products we have that ¢i (i) = of; ki(i) = kI; P(i) =T; Qi(i) = Q! and yi(i) = y!
at each j and for all i produced at j { in a two-region world (j=1,2) as the one we will use
for the calibration, we would have 36 unknowns.

Next, we present the equations that characterized the equilibrium solution. We will
keep the assumption that the world is divided into two regions.

In the consumer’s problem the utility function is the composition of concave func-
tions and therefore it is also concave. The constraint is linear, so that necessary ~rst order
conditions are also su=xcient for a maximum. The continuity of the utility function together
with the compactness of the constraint suzces for the existence of a maximum.

From the consumer's problem at each of the two regions, aggregate consumptions are:

10
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x) = +%(1§ N, (15)
Po
P iz oy
x; = i i®MI ¥l po); and (16)
Pj
. J o=y
g @M j %lip) an

q{z r‘nzq:w i (N)@iddn’

where M3 ~ fikd +WIT. Furthermore, because there are no trade distortions, the price of
the homogeneous tradable commodity is equalized after trade and as we will see later, when
factor prices are equalized, the prices of all varieties are also equalized across countries with
trade. Since individual demand functions are linear in income, we can aggregate them so
that, for example, XJ is the aggregate demand function for the homogeneous commaodity
at country j.

This solution is obtained by using a two-stage method. Since preferences are linear,
homogeneous, and weakly separable, the consumer's problem is solved by ~rst maximizing
utility given total spending so that the share of income spent for each type of good is
obtained. Then, given the level of income left after consuming the homogeneous and non-
tradable commodities, the consumer chooses the amount spent on varieties.

From the minimization of pro ts at the two competitive sectors in each country:

W = pofo(X i *)k) T, (18)
i = popk TR, (19)

W =piut i KT and (20)
rf = pjuok] 1T ()

Notice that W is the price per unit of e®ective labor I, and w is the price per unit
of bodies I; and since one unit of | provides h productivity equivalent units of service, 1=h
units of | provide one productivity equivalent unit of service priced at W = w=h.

In the di®erentiated products sector, we know that each variety is produced in the
same amount and sold at the same price, within each country. The amount of labor and
capital demanded by the single producer of variety i , after minimizing cost, are given by

11
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where, given the technology, only one (at each country) is independent.

Then, the cost function for an individual variety produced in the di®erentiated sector
in country j is

Ci(Ql;wi; ) = KpilQIW @ iM A + wile;  with

K= (1§ A)ALAIA:

This cost function is characterized by constant marginal cost and decreasing average
cost.

Because rms face internal economies of scale, marginal cost pricing generates losses.
In this structure, the equilibrium price for a single variety is given by ¢! (1 + 1=") = MCJ,
where ~ is the price elasticity of demand faced by the “rm that produces variety i and MC/
is the marginal cost given by

KwiliApiA
Hd '

Mcl =

From equation (17), the demand function for a single variety in country j, we can
obtain the elasticity of demand ~. Since we have a continuum of producers of di®erentiated
products, each rm’s pricing policy will have a negligible e®ect on the marginal utility of
income. In other words, we assume that each ~rm in the di®erentiated product sector
considers the expenditure level in the sector to be independent of its actions. In that case,
the elasticity of demand facing each single producer of country j is given by

i(li?)
N

f = i2:p :
nzew B (N)Ei*dn

1i3:

Thus, as long as ¢" is of positive measure, the price elasticity of demand for variety
i 2 ¢Y is -2, Therefore, (1 + 1=") is %, so that
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i (@i AR AGI Qi A piA

1 1/2“-d (23)

From the zero pro t condition,

i (1 i A)AilAiij(liA)rjA +wJ'Tf_

i ™ 9 (24)

Furthermore, we know that the measure of varieties produced in the world must
equal the sum of measures produced in each country, i.e.,

X
D%V = D!: (25)
i=1
From feasibility,
X j X .
Xp = Qb: (26)
i=1 i=1
vl =qQk k=12 (27)
=1
In each country,
Xj = Qj (28)
o+l+  Tdi=Tp+T+ DIy =T +T,+ DI +T) =7 29
- Z - - - - -
k(J)+kj+ e k{di=k{)+kj+Dka =Kk (30)
From technologies,
Qb = pokb T, (31)
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Q) = kAP, (32)

o—1j§°,

Qj = mkjlj" - (33)

Finally, from the price index,

“po+® +(Li® Ipj =1 (34)

Equations (15) through (24) and (27) through (33) hold for each country j. There-
fore, in a two region world, we have 34 equations; including equations (25), (26), and (34)
we have a total of 37 equations.?’ After dropping one equation according to Walras's law,
we nish with 36 equations and 36 unknowns.

We will calibrate a version of the model that is consistent with an equilibrium with
factor price equalization, i.e., with rl =rand W =W at each country j. In this equilibrium,
K =ki;F =Ti;Ql = Qi;al =qiand y} =y; = ®(MJ j %Hpo)=(D"q;), for all j.

Finally, notice that when factor prices are equalized, we can determine the measure
of varieties produced in the world from the feasibility condition for the di®erentiated prod-
ucts. As we said before, since we are taking the product space to be continuous, we ignore
the integer constraints on the number of goods.

Thus, we have

Wl ey

= — : and
1§ AAILAIAAWLIA(L § %)’

Qi

w— (Li BH®M™ j %l"po).

D =
wils

We can see that in this type of economy the production level of each variety is not
a®ected by the size of the economy: only the number of varieties changes. In other words
each variety is produced in a xed amount. This result depends on the fact that the mar-
ginal cost is constant.

When factor prices are equalized, we also have that, because all varieties are sold at
the same price, not only within each country but also across countries, tt‘ﬁe numerator of the
aggregate demand function for varieties in any country is given by q(n)” n2GW q(n)ti*dn =
D%Yq(n). Furthermore, in this case, the zero pro t condition in the non-tradable sector

290ne of the regions is the sum of identical countries, as we saw when looking at the total unknowns, and
we can solve for its equilibrium by calculating typical allocations as if it were only one country.
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implies that the prices of non-tradable goods are equalized across countries.?!

Therefore, a solution to the interior free trade equilibrium follows from combining
the demand functions found after solving the consumers problem, the rental price of capital
and labor from solving the ~“rmst problem for each competitive sector; the demand func-
tions for capital and labor from the solution to the producer's problem in the di®erentiated
product sector; the equation for the number of varieties produced in the world; and the
feasibility conditions in the commodity and factor markets.

The solution in this economy is characterized by both inter-industry and intra-
industry trade. Di®erences in relative endowments are the source of comparative advantages
and determine patterns of trade involving the exchange of the homogeneous good for
varieties. Increasing returns to scale determine the eZcient scale of production in the
di®erentiated products sector; together with love for variety, this will induce countries to
specialize and hence creates incentives for trade of di®erent varieties.

Next, we describe the pattern of trade for thgis economy. Assuming that the world
is divided in two regions, the OECD (OE) and the rest of the world (RW); the OECD is
sub-divided in two identical sub-regions; the OECD has a comparative advantage in the
production of varieties { with two factors and two tradable type of goods, this is su=%cient
for the RW to have a comparative advantage in the production of the homogeneous tradable
good; and nally, imposing that varieties be produced everywhere, the apttern of trade for
this economy is as follows: intra-industry trade, de ned as the exchange of varieties that is
identically matched in both directions, is given by

INTRA OE j RW = 2¢;D"™"y?:

This is the case because intra-industry trade can be de ned as two times the min-
imum between both countries’ exports, and since we have imposed a structure that is
consistent with the RW being a net importer of varieties, i.e.,

D™y < iD*y{":

In words, total exports of varieties from the RW to the OECD are smaller than the
ones from the OECD to the RW.
Inter-industry trade is given by

INTER OE j RW = 2(Q5" i X5%);

and total trade between them is given by

2IFrom zero pro_ ts in the non-tradable sector, the ratio of labor to capital used is the same across countries
if factor prices are equalized. Therefore, from the equilibrium condition for labor at any two countries, non-
tradable commodity prices must be equalized.
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TOTOE j RW =INTRAOE j RW + INTER OE j RW:

Finally, total world trade is the sum of TOT OE-RM and intra-industry trade
between?? the two OECD sub-regions given by,

Doeyoe
INTRA OE j OE = Ty':

We have described the pattern of trade for our economy when factor prices are
equalized across countries. In what follows, we prove that factor price equalization holds.

2.3 Proof of Factor Price Equalization

We will calibrate the model for a free trade equilibrium with factor price equalization.??
In what follows, therefore, we present a proof of factor price equalization for the set of al-
locations and prices consistent with no specialization.?* This equalization of factor prices
is in terms of productivity equivalent labor.

Factor Price Equalization: In the model economy previously introduced, assume no
specialization at the industry level, then: W =W and rJ = r for all j.

Proof:

Step 1: ¢J(i) = ¢! for all i 2 ¢J, at each j.

We previously mentioned that since factors can move freely across sectors within
each country, and there is symmetry in preferences and technologies, from MR! (i) = MC! (i)
we have that,

MCI(i) _ mMcC!

¢ (i) = m . = g7 (rf;wh):

Step 2: ¢f =q; for all j.

If not, assume there exist two countries A and B such that g* > gB. Because we
have assumed free entry, 14(wJ;r}) =0 for all j. But, since we have free trade and varieties
can be created at zero cost,

22Since the two sub-regions are identical, they only engage in trade of varieties with each other.

23The rental price of capital and the price of e®ective units of labor services will be equalized after trade.

24Dixit and Norman (1980) present a proof of factor price equalization for the general case of m commodi-
ties and n factors in a homothetic version of the model previously presented. Their proof follows the method
of the integrated world economy. In general, the applicability of factor price equalization depends on the
relative number of tradable commodities and factors, but where what is relevant is not the total number of
distinguishable tradable commodities but the number of industries.
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FAWP:r®) > JAWA ) = 0:

Step 3: Factor prices are completely determined by tradable commodity prices.

From the rm’s optimization condition for both tradable sectors, we have that:

po = po(r); W) and

gi = g7 (rF; w)) forall j:
Therefore, I = r®(po; ;) and W} =w"(po; qi) for all j.

3. VVolumes of Trade and Nonhomothetic Preferences

Most of the models of trade assume that preferences are identical and homothetic
across countries. This assumption implies that patterns of trade are completely determined
by the production side of the model. In the data, however, budget shares are not identical
across income levels. As we saw in Table 1, the poorer consumers are, the higher the frac-
tion of income they spend on food.

The model we presented previously is characterized by nonhomothetic preferences.
The consumption of either di®erentiated products or the non-tradable good, relative to
the tradable homogeneous good, increases with the level of income. Thus, as countries get
richer, their consumption of the high income elasticity goods as a fraction of income rises.

We are concerned with the e®ect of nonhomotheticity on trade, but as we will see
later, the understanding of its e®ect on inter-industry trade { the exchange of varieties for
the tradable homogeneous good { is su=cient for understanding the e®ects on intra-industry
trade. Therefore, we will concentrate on the former, i.e., we will consider the di®erentiated
products sector as a whole and look only at trade based on comparative advantages.

Next, we incorporate the analysis of preferences by Leamer (1984) with the exis-
tence of a non-tradable sector. Now, both production and demand a®ect the trade vector.
The non-tradable sector will also have an e®ect on inter-industry trade if preferences are
nonhomothetic. If preferences were homothetic, however, Leamer's nding (1984) of no
e®ect in trade by a non-tradable sector holds.

In order to have income dependent consumption, we can represent the aggregate
consumption vector of a particular country by

X =Bl+CM;

where | is the endowment of labor (bodies) or population, M is aggregate income expen-
diture and B and C are constants. The solution to our model gives us aggregate demand
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functions of this form.?®
From equations (15), (16) and (17), when factor prices are equalized, we have the
following aggregate demand functions in a country j:

VI .
X3 = o + % § )P,

i _ ®(MI § %lipg).

4 and
Qi

_@i®§ )M %lipy),
Xj —_— p_ y
J

where Y = DWY/! is the aggregate level of consumption at the di®erentiated products
sector.
In what follows, since we will focus on a single country, we omit the supra-index j.
The feasibility conditions for factors of production are:

ako(W; r)Qo + D" Aki(W; r; Qi) + axj (W; r)Qj = k;

a5, (W; 1)Qo + DA (W; 1; Qi) + a; (W; )Qj =T,

with ayt(W; r) = @ce(W; r)=@v for v = I'kand t = 0; j being the demand for factor v per
unit of output in industry t and where c((W;r) = C¢(W; r; Q¢)=Q is the unit cost function
for commodity t, and with A,¢(W; r; Q;) = 0C;(W; r; Q;)=@v for v = Ik being the demand
for factor v by a representative producer in the manufacturing sector.
Then, let a,t(W; r; Qi) = Avt(W; r; Qi)=Qi and Q; = Q;=D, where Qy is the level of output
of the manufacturing sector.

The feasibility conditions can be expressed as:

ako(W; 1)Qo + axi(W; r; Qi)Q1 = K i ax;j(W; r)Qj; and

3o(W; N Qo + a; (W; r; Q)Q1 =T i a5 (W; N)Q:

In matrix form, we have

25This is referred in the literature as a linear expenditure system.

18



Vi AjQj = AQ;

where A and A; are the 2x2 and 2x1 matrices of unit factor requirements for the production
of the tradable commodities and the non-tradable good, respectively, Q is the 2x1 vector of

production, Qj is the production level for the non-tradable good, and V is the 2x1 vector
of endowments.

The trade vector is given by:
T=QiX=AiV jAilAQ;iBliCM:
From X = Bl + CQ we can get:
Xw =Bly +CQy = Qw = Ai'(VW i AjQjw)
with the subscript w denoting aggregation over the world. From this,

C= Ail(vw i Aijw) i Blw.
MW ’

andthen

T=A"(V isVw) i B(isl) i AiA;Bj( i slw); where

Pj
To ! ) Ao A ! ) k # i wW1i) #
T= T, A= ay, a v= 7, B= i®_?i[)_o and,
" #
A= M

Then,
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1 &, iai K j Sky Wli)
S S + sl -
Aol i pdki  jay, ako | §sly i®—3(/;P (i sha)
(1] #
aaxj i akiay; Li®j )¥%p - 1
7i ki [ i®i 0
e aa : (i SIW)a a. 18 aki
Akodyj i oAk Pj ko4 I Ajg ki

Therefore, if a low income per capita country is relatively scarce in e®ective labor
and Q is produced with a technology intensive in e®ective labor, the signs of the trade
vector are:

" # " # " #
+ I aiiakj akiaij

. i :
i + akodjj 1 jpakj

This nal expression for the trade vectors tells us that the pattern of trade for each
country is driven by three forces. First, we have the familiar Heckscher-Ohlin result that
a country tends to export the commodity that is intensively produced with its relatively
abundant factor. Second, countries that are relatively abundant in numbers of people tend
to import the low income elasticity good.?® Therefore, if the OECD has a comparative ad-
vantage in the production of di®erentiated products and these products have a high income
elasticity of demand, the model predicts that they will tend to export this type of good
from the production side of the model and to import them from the demand side, since
the OECD countries have a higher income per capita than the RW.?” Therefore, the usual
Heckscher-Ohlin patterns of trade are moderated, and for strong enough nonhomotheticity,
could even be reverted. In other words, under our assumptions, nonhomotheticity reduces
the level of inter-industry trade relative to the standard homothetic model. Third, depend-
ing on the technology for producing the non-tradable commodity, heckscher-Ohlin trade
may either be bolstered or reduced.

Looking at the non-tradable sector in more detail, we see that the non-tradable
sector can have three di®erent e®ects on trade patterns, depending on the relative factor in-
tensity of its technology relative to the other sectors of the economy. First, if it is intensively
produced with the abundant factor, relative to the exported good, the Heckscher-Ohlin pat-
tern is reinforced. Second, if it is intensively produced with the scarce factor, relative to
the imported good the preference pattern is reinforced.?® Finally, if it is intensively pro-
duced with the scarce factor relative to the export sector { but not relative to the import
substitution sector { the tendency is to export both goods.

Notice that these results depend on the assumption that preferences are nonhomo-
thetic. If they were homothetic, the second and third terms in the trade vector would drop

26Notice that a country can be abundant in productivity equivalent labor but still be scarce in numbers
of people if workers are suzciently productive.

2’Bergoeing (1996) provides evidence that supports the assumption of OECD countries having a com-
parative advantage in the production of di®erentiated products. Furthermore, Hufbauer (1970) found that
developed countries tend to export products that are di®erentiated.

28 As before, if the non-tradable good is intensively produced with the scarce factor relative to the import
substitution sector, it must also be with respect to the export good, since this sector is intensively produced
with the abundant factor.
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out, and neither relative income per capita nor the existence of non-tradable commodities
would have any e®ect on the prediction for inter-industry trade.

Total exports in this model are determined by two main features. First, as reported
by Dixit and Norman (1980), the Heckscher-Ohlin part of the model that generates inter-
industry trade implies that total exports depend on the di®erence in relative endowments
across countries. Relative country size does not have any e®ect on the amount of exports.
The monopolistic competitive sector generates intra-industry trade, and the total amount
of exports associated with it is sensitive to reallocation of resources that bring more equal-
ity in relative country sizes. As two countries become closer in terms of size, the value
of trade between them, measured as total exports, increases. Furthermore, if resources
are reallocated so that the production of di®erentiated products increases, keeping total
product constant, total exports increase again, since a world with di®erentiated products is
more specialized than one with constant returns to scale, and therefore, it is characterized
by a larger fraction of product being traded among countries. Nonhomotheticity a®ects
intra-industry trade analogously to inter-industry trade, i.e., by changing the consumption
patterns. Since the poor country reduces its consumption share of di®erentiated products,
it reduces its tendency to import them, and since the rich country increases its consump-
tion share, it reduces its tendency to export them. Therefore, since intra-industry trade
is de ned as identically matched trade, it must decrease. This result, obviously, would
be reversed if we had assumed that the rich country has a comparative advantage in the
production of the low income elasticity good.

If we study the evolution of trade as a fraction of income in a homothetic economy,
income per capita levels do not play any role. When nonhomothetic preferences are intro-
duced, a positive association arises between the level of the distribution of income per capita
and total trade. Not only is the direction of trade a®ected by nonhomothetic preferences,
but so also is the magnitude of the changes that relative endowments and sizes cause in the
share of trade in product.

We have seen that nonhomotheticity can improve the ability of a standard ho-
mothetic trade model in explaining the previously reported trade facts. Speci cally, the
reduction (increase) in the tendency of poor (rich) countries to import di®erentiated prod-
ucts is consistent with the concentration of manufacturing trade among developed countries
and the reduction in the share of primary products in total trade observed during the last
four decades. Furthermore, the increase in the share of developed countries’ trade over
product results from the fact that intra-industry trade is more specialized than compara-
tive advantage based trade, and therefore, with the increase in the former, larger fractions
of product are traded. But how important are nonhomothetic preferences quantitatively?
The main goal of the next section is to provide an answer to this question by calibrating our
model and measuring the e®ect of preferences on trade patterns during the last 30 years.

4. Calibration and Simulations

In this section we calibrate and simulate our economy by changing endowments to
be consistent with income per capita growth during the last thirty years. Our main goal is
to quantify the e®ect of preferences on trade patterns.
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4.1 Calibration

We will calibrate to the OECD for 1982.2° We will have two regions: the OECD and
the rest of the world (RW). We use the OECD, National Accounts, Detailed Tables, volume
Il. The data are available per country and in local currency. From the data on GDP in
U.S. dollars and local currency, we obtain exchange rates that are used to express all data
in U.S. dollars. Then, we generate the OECD data base by aggregating the country-speci ¢
data for all members but Yugoslavia. Data on trade between OECD countries and the rest
of the world is obtained from the OECD, Foreign Trade by Commaodities, volumes | and 1.

The goal of the exercise is to match the trade facts for the OECD in 1982. In
particular, we look at total trade between OECD and the RW (t oe-rw); inter-industry and
intra-industry trade between the OECD and the RW (inter oe-rw and intra oe-rw);3° and
total trade among the OECD countries (t oe-oe.)3!

Parameters:In what follows we present a list of the parameters and endowments we must
calibrate:

from preferences: ®; ; ¥%; %
from technologies: °; A; ©; T¢; Ho; Hi; U
labor productivities: h°¢; h"™W

—oecd =
endowments: 1°°°°: koeed: T Krw.

Calibration: To calibrate, we choose one unit of a good to be worth one million 1982 U.S.
dollars. This choice of units is implicit in the data we are using. We can then calibrate by
setting all prices equal to 1 in the benchmark equilibrium.

The parameter h"®W is obtained from the United States Labor Statistics Bureau,
1989, by looking at the ratio of average hourly compensation between the United States
and Mexico for 1982. We found that h™W = :3: h°ed js taken to be 1.

Endowments are calculated from factor compensation and operating surpluses. Since
we have factor prices equal to one, the endowment of labor can be obtained from the share
of GDP that is allocated to labor. We calculated that share to be the compensation to em-
ployees plus one half of net indirect taxes plus pro ts from unincorporated enterprises. The
category pro ts from unincorporated enterprises is added to compensation for employees in
order to capture the fact that, especially in poor countries, the operating surplus of these
enterprises primarily includes labor income. The capital endowment is computed as total
GDP minus the labor endowment. As we will see later, we get the allocation of workers
and capital across sectors analogously.

The data will show that OECD countries are labor abundant and that the homo-
geneous sector is capital intensive. Labor must be interpreted as productivity equivalent

29The benchmark year was chosen based on data availability.

39The value of exports of manufactures between the OECD and the RW that is exactly matched in both
directions will be referred as intra-industry trade between them. This de nition, however, considers total
manufactures, i.e., SITC classi cation at the one digit level and is intended for references purposes only.

31 This trade is only of the intra-industry type since the two sub-regions are identical.
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labor. This is consistent with Leontief's claim that the United States was abundant in
productivity equivalent labor with respect to the rest of the world in the 1950s.3?
Next we classify production, sectoral factor allocation, and consumption.

Production classi_cation:

Qo is agriculture, hunting, forestry and ~shing, mining and quarrying
Qi is manufacturing
Qj is others (electricity, construction, transport and services, among others)

Notice that from the data we get total production of manufactures, which in our
model is equal to the production of a typical variety times the number of varieties produced,
but we do not see either the number of varieties produced nor the production of an individual
variety.

Factor allocation:

As with endowments, we get the allocation of labor across sectors from sectoral
labor compensation adjusted by net taxes and pro ts of unincorporated enterprises, and
the allocation of capital as the residual from the sector's production level. Again, for the
di®erentiated products sector, we only see the total factor allocation, i.e., both the number
of varieties produced and the amount of factors used for the production of a single variety are
not observable. Furthermore, we do not know the fraction of total labor that corresponds
to either variable labor or the ~xed cost.

Consumption classi cation:

We classi ed production according to the classi cation of GDP by kind of economic
activity. For consumption, we will calibrate its value so that production and consumption
are consistent with the trade data we want to match. Therefore, we will have that:

inter oe j rw_

oe — oe

YIOQ _ oe . Loejrw + intra oe j rw.

= : and
H 2 2

Xj = Qj for j = oe and rw:

By doing this, consumption and production satisfy the budget constraints and the
feasibility conditions and are consistent with the trade facts.

325ee Leontief (1953). Tre®er (1993) also provides evidence of the abundance of the United States in
productivity equivalent labor in the 1980s.
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Next, we can calibrate the parameters of our model.

To get the constant shares and % from the Cobb-Douglas utility function, we use
the demand functions (equations 15, 16 and 17). But only two of them are independent.
We obtain ~ from Selvanathan (1984), leaving % and ® as:

X(())e i _M oe

Yy =__v *
A 13 e and

® _ Dinoe )
Moe § %loe”

To get the shares of factors in the production of the homogeneous and non-tradable
goods, we use equations (18), (19), (20) and (21), so that,

oe
kg

[ J— .
= ————7= and
oe o€
k§® + 1o
o — Koe .
koe + Ioe

Then by looking at production and factor allocations we get the technological pa-
rameters, [o and yj, from equations (31) and (33).

oe

—_ 0 .
Ho = koe°Toe(1i°)’ and
0 0
_ Qoe
e
oeloe

We have left A;T¢; g (from the di®erentiated products' sector) and % (from prefer-
ences).

From Morrison (1990), we get an estimate for the markup ratio, de ned as the price
of a typical variety over its marginal cost. From equation (23) we see that the markup ratio
is equal to the inverse of %.

Next, we solve for the total ~xed cost (D%I¢) so that the zero pro t function is
satis ed { equation (24). Therefore,

DoeTf = Deri(l i 1/2):
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Since we have expressed the ~xed cost in terms of labor, we know that the OECD's
total allocation of labor in the manufacturing sector is given by D%l = D°(1; +1¢). Since
the number of varieties produced is not observable, we do not know the xed cost of a
speci c variety. We set, therefore, I¢ such that 1y is normalized to 1. Then, the number of
varieties produced contains all the relevant information. We ~nd this by imposing that

Dol
D%lyi

Tf:

Then, we get A from the demand functions for labor and capital by a single producer
of variety i from equation (22), as follows:

DT,  Do(ly jTf) 1A

i
Doek; Doy A

and y; from equation (32) by setting

u _ Deri )
S RTiAy
Doe (ki T 1)

Finally, we need to match the RW factor allocations with the trade facts. By
looking at total, intra-industry and inter-industry trade, and since we have normalized total
e®ective labor to be 1, we know the number of varieties for the OECD and the RW, the
production of a typical individual variety, and its consumption in each region. Speci cally,
from total e®ective labor (Tti) in the di®erentiated sector we have D°. Then, we obtain the
consumption of a typical variety in the OECD from

__ 2toe j oe,

Yioe — Doe :

and with D° known, we can get the measure of varieties produced in the world, DY, the
consumption of a typical variety in the RW, Y;"V, and the production of a typical variety,
Qi from:

_ Dinoe _
y.oe

DW

_toe jrw,

Yirw 2Doe :

and
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_ D*Qi.
Qi =5

The measure of varieties produced in the RW, D™, is the residual of the measure
for the world minus the measure for the OECD.
Finally, we calibrate the endowments for the RW so that they are consistent with

the measures of varieties for the world and each region. Endowments in millions of dollars

across regions from the data and calibration are as follows: keeed js 1,994,453 and TOECd is

5,798,614 when both % & 0 and % = 0; and k™ is 676,814 and 586,620 and ™ is 1,417,072
and 1,340,026, when % 6 0 and % = 0 respectively. We see from these endowments that the
OECD is relatively abundant in e®ective labor relative to the RW.
Thus, we have calibrated the parameters, OECD consumption and endowments for
the RW so that the benchmark equilibrium is reproduced and the trade facts are matched.
The calibrated parameters for both the nonhomothetic and homothetic versions of
the model are presented in Table 2.

Table 2
benchmark || % & 0 =0
parameters

® .22 21
- .08 A1
/] .05 0
) .83 .83
° .54 .54
A .33 .33
° .22 .22
1 .23 .23
Ho 1.99 1.99
Hg 2.27 2.27
il 1.68 1.68
h™w 3 3
ho¢ 1 1

We have calibrated our economy in order to achieve two main goals: ~rst, to use
the model to simulate trade patterns during the last 30 years in order to know how much
of the increase in trade between developed countries as a fraction of their income can be
accounted for by nonhomothetic preferences; and more generally, to understand better the
e®ect of nonhomothetic preferences on trade. By having a calibrated general equilibrium
model, we can experiment with di®erent exercises that can provide insight with respect to
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the e®ect of preferences on the model.

By quantifying the increase in trade predicted by our model when incomes per capita
grow, we do not expect to account for all trade changes during the period under study. Our
model only considers di®erences in relative endowments, economies of scale and nonhomo-
thetic preferences. Clearly other factors { such as seasonal trade, trade restrictions, border
trade, cultural di®erences and policy, among others { can have a signi cant e®ect on trade.
This latter category of trade determinants will not be addressed directly in this research,
but by guantifying the e®ects of endowments, scale economies, and nonhomotheticity, we
can see whether other issues are quantitatively important.

4.2 Quanti cation of the Trade Facts and Other Results

In this section we will simulate the calibrated economy. The numerical solution to
each simulation is obtained by using a globally convergent root nding method based on
Newtwon.

We will measure the e®ect of preferences in trade. First, we will simulate the growth
of income per capita that both the OECD and the RW experienced since 1965 and we will
examine the evolution of the ratio of trade to income, directions and composition of trade;33
then, we will adjust the endowments in both regions according to the data minimum growth
rate of capital and e®ective labor, i.e., since capital per capita grew in 1990 3.8 per cent and
2.1 per cent in the OECD and RW, respectively, we will increase the capital endowment
of both regions by 2.1 per cent. The endowment of e®ective labor will be adjusted analo-
gously. In this way, we will look at the e®ect of nonhomotheticity for giving comparative
advantages.

As we just said, we will ~rst adjust the yearly endowment of capital and e®ective
labor to match the change in income per capita that both the OECD and the RW experi-
enced from 1965 to 1990. We use data on non-residential capital stock per worker { that we
express in per capita terms { and on income per capita growth from Summers, Heston, Aten
and Nuxoll (1995).3* The growth rate of capital per capita is used to adjust each region's
yearly capital endowment. In order to match the growth of incomes per capita, we assume
that all technological progress adopts the form of increases in labor productivity, i.e., in h°
and h™, and therefore, we adjust e®ective labor per capita per region accordingly. Thus,
we change each region's yearly per capita endowment of capital and e®ective labor and then
we look at the model's predictions with respect to trade. The e®ect of nonhomothetic pref-
erences is captured by simulating both, the calibrated model with % & 0 (nonhomothetic
preferences) and % = 0 (homothetic preferences).

As relative endowments change, Heckscher-Ohlin trade patterns alter; when the
OECD increases its abundance of e®ective labor relative to the RW, inter-industry trade
increases. As relative GDP changes, the exchange of varieties also changes, which can be
thought of as Chamberlainian trade. Thus, the more equal in size two countries are, the
more they trade varieties; As the RW's size increases relative to the OECD's size, intra-
industry trade between the OECD and the RW increases. Finally, as incomes per capita

331965 is the ~rst year of capital data that we have.
34The numbers have been converted to U.S. dollars adjusting by purchasing power parity rather than by
using current exchange rates, as described by Summers and Heston (1991).
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grow, by increasing the fraction of income spent on varieties as countries get richer, nonho-
mothetic trade grows.

Table 3 shows the result of our simulations for a measure of trade to income and
of concentration of trade. We report, for di®erent years, the simulated ratios of intra-
OECD trade to product and intra-OECD trade to OECD-RW trade.?® The ~rst and second
columns show the ndings for the nonhomothetic version of the model and the third and
fourth for the homothetic version. Finally, the last two columns show the actual data values.

Table 3

Year | % &0 =0 Data

F1(%) F2 | F1(%) F2 | F1(%) F2
1965 9.86 1.16 | 10.53 1.08 5.13 1.01
1970 | 10.11 1.18 | 10.36 1.10 7.66 151
1975 9.53 1.05 9.58 1.01 9.21 1.05
1982 9.98 1.01 9.98 1.01 9.98 1.01
1990 | 10.16 1.15 9.91 1.13| 11.29 1.59

Note: F1 is the ratio of OECD-OECD trade to income;
F2 is the ratio of OECD-OECD to OECD-RW trade.

As we noted above, 1982 represents the benchmark year. Therefore, for that year,
both the homothetic and nonhomothetic model are calibrated to match the actual data.
During the whole period under study F1 increased 120 per cent (from 5.12 per cent to
11.29 per cent) and F2 rose 57.4 per cent (from 1.01 to 1.59). The nonhomothetic version
of the model predicts a change in F1 of only 3 per cent and a reduction in F2, while the
homothetic simulated equilibrium results in a reduction in F1 and an increase of 4 per cent
in F2. The evolution of F1 in the model is the result of changes in the relative endowment
of each region and the variations in the level of incomes per capita. In fact,

F1= toe j oe _ qiD°°Y;%® _ DO®(M°¢ j %I°¢)
deoe 2\ 0e 2DW M °e ’

Therefore, if the model is homothetic,

®DO€

F1= :
2DW

When both regions become more similar in terms of relative endowments, the share
of varieties produced in the OECD decreases. During the periods 1965-70, 1970-75 and
1982-90 this is what happened. Inter-region di®erences in the ratio of capital to e®ective

35As we said before, we divide the OECD into two identical subregions in order to generate intra-OECD
trade.
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labor were reduced. As a result, F1 when % = 0 moved accordingly. When % & 0, however,
there is a second e®ect due to the change in the level of income per capita. As it rises,
the share of income spent on varieties increases. Since income per capita increased during
each of the subperiods, F1 tended to increase too. During 1965-70 and 1982-90, the latter
e®ect compensated for the former, resulting in an increase in F1. During the 1970-75 pe-
riod, however, the OECD experienced its lowest increase in income per capita of the whole
period and the relative endowment e®ect dominated.

In summary, the nonhomothetic and homothetic versions of the model predict dif-
ferent patterns for the ratio of OECD trade to income. Overall, the model with % & 0 does
a better job predicting the directional changes of F1 than the homogeneous demand one.
Neither one can account for the change in the data, however.

When looking at the concentration of trade among OECD countries, as measured
by F2, we nd that both versions predict the same directional changes, but again, the non-
homothetic model does a better job accounting for the level change in the data. The change
predicted, however, is substantially smaller than the actual one.

Fo = toe j oe _ @iD°°Y®® _ M©% jul®
toe j rw  4giDoeY;"W  4(M™W § %lTW)
If% =0,
Moe
F2= o

Therefore, when relative income per capita increases for the OECD, which is what
happened during the 1965-70 and 1982-90 periods, F2 will increase. For the other periods
the opposite happened. When % & 0, the model's predictions are ampli ed. A nonhomo-
thetic economy predicts larger “uctuations in the ratio of intra-OECD to OECD-RW trade
than a homothetic one. In the actual data, F2 moved in the same direction, but as before,
with much more amplitude than the nonhomothetic prediction.

These results are robust in the sense that for reasonable changes in the value of the
free parameters, namely ;% and h°¢; h™ { the only parameters that are not endogenously
determined from the model, the predictions of the model are not signi cantly a®ected, as
shown by Table 4.

Table 4

Year | =5 % =:95 % = :66 h™ =:1 h™ =5

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2
1965 9.38 1.27 992 1.17 9.93 1.17 8.63 1.69 10.14 1.11
1970 994 1.29 10.27 1.21 10.24 1.2 942 1.49 10.31 1.16
1975 9.50 1.09 9.67 1.07 9.52 1.05 9.08 1.13 9.61 1.04
1982 998 1.01 998 1.01 9.98 1.01 998 1.01 998 1.01
1990 | 10.35 1.17 10.16 1.15 10.16 1.15 10.28 1.12 10.01 1.17
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~ = :5 is consistent with a higher level of nonhomotheticity, i.e., with a higher ¥%;
when % is .95 and .66, the markup is 5 per cent and 50 per cent respectively; nally, when
h™ is .1 and .5, a unit of labor in the RW is one tenth and one half as productive as a unit
of labor in the OECD. These values for the free parameters do not cause the predictions of
the model to change signi cantly, as we just said.

In addition, we can look at the model's predictions with respect to the ratio of
OECD-RW trade to OECD income (F3), OECD-RW inter-industry trade to OECD income
(F4), and OECD-OECD to OECD-RW intra-industry trade (F5). Table 5 reports these
measures.

Table 5

Year | % &0 =0 Data

F3(%) F4(%) F5 | F3(%) F4(%) F5 | F3(%) F4(%) F5
1965 8.51 6.77 5.66 9.75 9.48 38.2 5.08 413 5.42
1970 8.56 7.27 7.87 9.39 8.41 105 5.09 3.83 6.09
1975 9.08 5.08 2.38 9.45 5.34 2.33 8.76 7.07 5.44
1982 9.87 7.38 4.01 9.87 7.38 4.01 9.87 7.38 4.01
1990 8.82 6.71 4.78 8.75 5.98 3.58 7.13 3.35 299
Note: F3 is the ratio of OECD-RW trade to OECD income; F4 is the ratio of
OECD-RW inter-industry trade to OECD income; and F5 is the ratio of
OECD-OECD to OECD-RW intra-industry trade.

To understand the e®ect of changes in endowments on relative intra-industry trade
we can look at the ratio of intra-industry trade between the OECD and the RW to the total
trade between them. This measure is known as the Gruebel and Lloyd index 11T.3¢ In this
model, the IIT index is given by

_ Drinoe )

IITOEirVV - W
I

Therefore, if the measure of varieties produced in the RW (OECD) increases, ceteris
paribus, the index increases (decreases). This happens because the RW produces fewer
varieties than the OECD and intra-industry trade is de ned as the minimum between
DY;" and D"™Y;%. Furthermore, it can be shown that if % = 0, proportional changes
in capital and e®ective labor in both regions do not a®ect this index. If % & 0, however,
population must also change proportionally to get the same result. Finally, since trade
must be balanced, changes that increase the number of varieties produced in the OECD
and reduce inter-industry trade { like an increase in the endowment of capital in the e®ective
labor abundant OECD { will create an increase in the level of intra-industry trade between
the OECD and the RW. Since countries are relatively more similar in terms of endowments,
Heckscher-Ohlin trade decreases, but since varieties are consumed everywhere, exports from

36See Gruebel and Lloyd (1975).
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the OECD to the RW increase, and the exports of varieties from the RW to the OECD
must do so too.

Table 6 shows the simulated values for the previous trade measures when factors
were adjusted, holding comparative advantages unchanged.

Table 6

Year | F1(%) F2 F3(%) F4(%) F5
1065 | 9.40 1.08 872 511 261
1970 | 9.65 1.05 9.19  6.07 3.08
1975| 9.83 1.03 957 6.80 3.55
1982 | 9.98 1.01 987  7.38 4.01
1990 | 10.04 1.00 100  7.63 4.24

When preferences are homothetic, since neither relative income per capita across
regions nor the relative abundance of endowments has changed, all measures stay constant.
For % & 0, since incomes per capita increase consistently over time, all measures change
monotonically during the period under study. Every year represents a higher level of income
per capita than the previous one and is associated, therefore, with higher trade to income
for OECD countries, smaller trade within the OECD relative to OECD-RW and higher
trade OECD-RW and intra-OECD intra-industry trade relative to OECD-RW. In this case,
the proportional change in endowments does change the relative size of countries, however.
This a®ects the ratio of intra-industry trade, as we noted above.

The model's predictions with respect to the income distribution e®ects of trade
liberalization are consistent with the conclusions that would be inferred from a pure mo-
nopolistically competitive economy. Since inter-industry trade is reduced relative to the
case with homotheticity, and since each region tends to import the good that it produces
with a comparative advantage, the real change in factor returns predicted by a Heckscher-
Ohlin economy is not so signi cant. This is consistent with evidence from the European
Community creation and the North American auto pact. It is important to mention, how-
ever, that the assumption of constant marginal cost, together with the CES structure in
the subutility for varieties results in an economy that is characterized by no competitive
gains when engaging in trade; i.e., any bene t due to trade is in the form of an increase in
varieties available for consumption. Trade does not increase the scale of production of any
variety, even though it is scale economies that are responsible for the gains from trade.

Finally, it can be noted that the nonhomothetic model's prediction with respect
to terms of trade is consistent with the evolution observed in the data. The price of the
homogeneous tradable good, pg, decreases consistently during the period under study, de-
noting the deterioration in terms of trade experienced by less developed countries since the
1930s.37

In summary, the model's prediction with respect to the evolution of trade relative
to product and the concentration of trade improves, in terms of the directional change,

37See Borensztein et al. (1994)
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when nonhomothetic preferences are assumed. How much of the data changes can be ac-
counted for by these feature? Not much, however. The data show changes in the previous
two measures of trade that are larger than the ones predicted by the model by a factor of
10 and 5 respectively. Shocks like the increase in the price of oil and the regionalization
of the world economy { especially as a result of the European Economic Community cre-
ation { may have had an e®ect in the pattern of trade that fundamentals in general { and
nonhomothetic preferences in particular { cannot account for.

5. Conclusions

Our main goal has been to measure how much of the increase in the volume and
concentration of trade seen during the post World War 11 period can be accounted for by
considering preferences as a \non-trivial" determinant of trade. In order to do so, we in-
troduced a model where trade is explained by di®erences in relative autarky prices { due
to country speci c relative endowments, economies of scale and love for variety, and non-
homothetic preferences.

The world is separated into two regions: the OECD and the RW. The OECD has
a comparative advantage in the production of manufactures and the RW in the production
of a primary product. In addition, there is a non-tradable homogeneous commodity that
is associated with non-tradables and services in the data. Manufactures take the form of
varieties in a monopolistically competitive sector and are characterized by a high income
elasticity of demand; the primary product is represented by a homogeneous good compet-
itively produced and is characterized by a low income elasticity of demand. Therefore, as
the level of income per capita grows, the consumption of manufactures as a fraction of
income increases. Since production of varieties is highly specialized, trade of manufactures
as a fraction of total trade increases. Furthermore, if income per capita for the OECD
increases relative to the RW, trade concentrates there. In fact, during the 1965-90 period
incomes per capita increased 87.7 per cent and 71.9 per cent in the OECD and the RW,
respectively. If the model were homothetic, the increase in income per capita levels would
have no e®ect on the ratio of trade to product, as long as relative endowments and size stay
unchanged across regions. Since consumption patterns are a®ected by income, however, a
homothetic model will omit this e®ect on trade patterns. Finally, when a rich country has
a comparative advantage in the production of the high income elasticity good, each coun-
try tends to import its Heckscher-Ohlin exported good. With nonhomotheticity, therefore,
inter-industry trade is reduced relative to the case with homogeneous demands. This seems
consistent with the directional changes of the post World War 11 trade patterns. But how
important is it quantitatively?

We simulate this economy by adjusting capital and e®ective labor in per capita terms
in both regions to match changes in income per capita, and then look at the predictions of
the model with respect to di®erent measures of trade. The calibrated model, however, is
not able to account for a substantial part of the change in trade. Neither the increase in
trade as a fraction of income nor the concentration of trade among developed countries can
be signi cantly accounted for by this model. In fact, while the ratio of intra-OECD trade
to OECD income increased from 5.1 per cent to 11.29 per cent during the 1965-90 period,
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the nonhomothetic version of the model predicts a change from 9.86 per cent to 10.16 per
cent. The model’s predictions are more accurate during the 1975-90 period but still only
account for 6.6 per cent of the 22 per cent change observed in the data. With respect to
the concentration of trade among OECD countries, while the data shows an increase in the
ratio of intra-OECD trade to OECD-RW trade from 1.009 to 1.51 and 1.01 to 1.59 during
the 1965-70 and 1982-90 periods, respectively, the nonhomothetic model predicts changes
from 1.16 to 1.18 and 1.01 to 1.15. This model, therefore, is not able to account for the
growth in trade observed during the last 30 years.

How surprising is this? Not particularly, when we consider that the ratio of trade
to product at the end of the nineteenth century was higher than it is today. In fact, the
levels of trade and concentration among developed countries that characterized the world
during the last century have not been achieved again, even after 40 years of continuous
growth in trade. If nonhomothetic preferences were signi cantly driving the patterns of
trade, trade should have been much lower and less concentrated 100 years ago than it is
today. So why was trade so high and concentrated during the last century? And why has
trade increased so fast since the 1950s? Many elements seem to be important for explaining
these patterns. As we mentioned in Bergoeing (1996), for example, the Industrial Revolu-
tion and the changes in the production and consumption structure that followed did play
a key role. In addition, the evolution of trade policy seems to have been crucial. Low
restrictions during the nineteenth century { and in particular by the 1860s { may have been
fundamental for the determination of the level of trade. Since the 1950s, the reduction in
manufacturing restrictions, mainly among developed nations, and the increase in regional
trade, emphasized by the creation of the European Community, may have played a crucial
role. In fact, during the 1953-90 period, over 40 per cent of the total increase in world
exports is the result of the rise in intra-European trade alone.

Our results, however, can be a®ected by some theoretical and empirical limitations.
The model is static. It might be interesting to introduce a dynamic setting and study the
nonhomothetic transition toward a balanced growth path, allowing for capital accumulation.
Moreover, this model not only omits trade policy but also other important elements, such as
seasonal trade, border trade and cultural di®erences. Finally, the speci ¢ functional forms
chosen, although simplifying the model’s solution, impose restrictions on di®erent areas:
The Klein-Rubin type of function is characterized by linear consumption expansion paths.
Empirical research, however, suggests that Engel curves show curvature;3® the income elas-
ticity of the inferior good increases with income per capita introducing more sensitivity to
income per capita levels in poor countries than in rich ones. This may explain the fact
that in the model the RW tends to increase its trade of di®erentiated products more than
the OECD does; Economies of scale result from the xed cost in the di®erentiated prod-
ucts sector; this cost is expressed in terms of labor. By considering a xed capital cost, as
well, the importance of intra-industry trade could increase. We have assumed the existence
of only two factors of production, capital and labor. By having a third factor { land for
example { that could be sector speci ¢, decreasing returns would be emphasized. Gains
from trade take the form of increasing variety exclusively, the level of production does not
change. Finally, with respect to the assumption of the monopolistically competitive sector,

38See Yen and Roe (1989).
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few industries in the world are well described by this model. The model assumes that a
“rm behaves as if it were a true monopoly. Instead, the most common market structure
is one of small-group oligopoly. In this setting rms may engage in collusive and strategic
behavior.

With respect to the empirical analysis, problems arise as a result of the interpre-
tation of the data for the calibration. One of the most controversial features in the data
has to do with the fact that less developed countries seems to be abundant in capital and
developed countries in labor. As we saw before, however, we interpret labor as e®ective
units and as in Leontief (1953) and Tre®er (1993), we say that the OECD is abundant in
e®ective units of labor, even though the RW is abundant in people, for example.

As we just said, however, the model provides a plausible theoretical explanation of
trade patterns. In particular, this model give us some insight to understand the e®ect of
fundamentals in trade patterns. Trade of manufactures as a share of total trade has con-
sistently increased since the beginning of the Industrial Revolution. Speci cally, as income
per capita rises, the demand for manufactured consumer goods, capital goods, and services
increases while the demand for food and clothing decreases. These changes in consumption
patterns in®uence the structure of both domestic consumption and production and a®ect
the volume, direction and composition of international trade. Moreover, trade seems to
move faster than production during episodes of stable economic environment. These facts
are consistent with the introduction of nonhomotheticity in a model of the kind presented
in this paper.

Furthermore, there is evidence that trade liberalization is less disruptive than pre-
dicted by comparative advantage based models, as we have seen with the European experi-
ence and the North American auto pact. Models of monopolistic competition are consistent
with this feature, and the introduction of honhomotheticity moves in the same direction
since inter-industry trade { which causes factor returns to change { is reduced. It would be
interesting to quantify this e®ect; i.e., does this model improve the prediction with respect
to the income distribution e®ects of trade liberalization relative to a homothetic model with
a Heckscher-Ohlin and monopolistically competitive structure?

Summarizing, even though the theoretical implications of the model may help us to
understand the evolution in trade patterns, the model is unable to explain a substantial part
of the change in the post World War 11 level of trade. Restrictions and trade agreements
may be crucial to account for these patterns. Our concern should then be, how important
has policy been for the evolution of trade levels? This question seems crucial and should
receive more attention.
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