Abstract

We analyse a monopolistically competitive model of international trade where goods must be
consumed in indivisible amounts. The number of varieties that enter a consumer's optimal
consumption bundle is increasing in the consumer's per capita income. We first show that, for a
given level of GDP, less populous and richer economies have a larger equilibrium number of
product varieties. We then show that in an integrated world, even when total GDP is kept
constant in all markets, as the levels of and the similarity in the trading partners per capita
Incomes increase, so do the number of varieties exchanged and the volume of bilateral trade
flows, as conjectured in the Linder hypothesis. Implications for the distribution of gains from
trade between and within countries are a so discussed.
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PER CAPITA INCOME, DEMAND FOR VARIETY, AND
INTERNATIONAL TRADE: LINDER RECONSIDERED

Paolo Ramezzana

1 Introduction

Contrary to the predictions of the standard Heckscher-Ohlin theory of interna-
tional trade, over the last decades a large share of world trade has taken place
between countries at similar stages of economic development and with rather sim-
ilar factor endowments. The volume of trade among developed countries largely
outweighs the volume of trade between the former group and developing coun-
tries and the volume of trade taking place among developing countries themselves.
While the relatively low volume of North-South and South-South trade could be
partly explained by many years of protectionist trade regimes in developing coun-
tries and by the small economic size of the developing world,! it may also be the
consequence of more fundamental economic mechanisms. Theoretical results that
are consistent with these facts can indeed be obtained if one departs from two
basic assumptions of the neoclassical model, namely that technology displays
constant returns to scale and that the composition of demand is invariant with
respect to the level of consumers’ personal income.? Whereas the implications of
increasing returns technologies for the volume of trade have been widely studied,
demand structures arising from more realistic consumers’ behavior have received

much less consideration. However, the level and the distribution of per capita

! James Markusen and Randall Wigle (1990) use a constant returns to scale, perfectly com-
petitive, computable general equilibrium model of world trade to show that a liberalisation of
world trade and an increase in the economic size of the developing world would considerably
increase the volume of North-South and South-South relative to North-North trade.

2However, Donald Davis (1997) shows that large gross volumes of North-North trade and
small gross volumes of North-South and South-South trade can also be obtained in a neo-
classical Heckscher-Ohlin-Vanek model with homothetic preferences if one imposes particular
restrictions on the technological differences both between and within appropriately defined
groups of industries.



income seem to have important implications for the structure of aggregate de-
mand and thus for the pattern of industrialisation and international trade. At
a micro level, Laurence Jackson (1984) finds empirical evidence that the variety
of goods consumed increases with income. At a macro level, Davis and David
Weinstein (1998) show that correctly accounting for demand substantially im-
proves the predictions of the Heckscher-Ohlin-Vanek model about the volume of
the factor content of international trade.

One of the first attempts to explain the implications of per capita income
for the composition of demand and for the volume of trade between countries
at different stages of economic development was made by Staffan Linder (1961).
His verbal theory, which already contained in a nutshell some of the insights of
monopolistically competitive models of international trade, combined aspects of
the composition of demand and scale economies in production to explain patterns
of international specialisation. Linder argued that individuals with different in-
come levels tend to consume different bundles of goods, with richer consumers
expressing a latent demand for some new goods. Since under increasing returns
to scale efficiency requires that production be concentrated in one location and
since there is always a cost of producing far from demand, these new goods are
introduced in the countries where there is a sufficiently large representative de-
mand for them, namely in the developed regions of the world. Once a new variety
of a good has been introduced in a given market, domestic producers may find
it convenient to export it to other countries. However, for most goods the only
potential trading partners are other developed economies, where consumers are
rich enough to be able to afford new product varieties. Poor countries can import
only a limited number of product varieties from developed economies. This line
of reasoning leads to the well known Linder hypothesis: all else, including total
GDP, equal, one would expect the volume of trade to be larger between rich and
similar economies than between poor and dissimilar ones.?

In this paper we set out a simple general equilibrium model of international
trade that combines the three fundamental elements in Linder’s reasoning - the

effects of per capita income on the composition of demand, scale economies in

3The importance of the level and of the distribution of per capita income in determining
sufficient demand for the emergence of industries characterised by increasing returns to scale has
received much attention also in the economic history and economic development literature. See,
e.g., David Landes (1969) for an account of the early stages of the British industrial revolution
and Kevin Murphy, Andrei Shleifer, and Robert Vishny (1989) for a formal treatment of these
ideas.



production, and the advantage of producing near demand - to provide purely
demand-based predicitions about the implications of the level and of the world
distribution of per capita income for the volume of trade. We consider economies
with labor as the only primary factor, that is used to produce competitively a
divisible good under constant returns to scale and possibly many varieties of
a manufactured good under increasing returns and monopolistic competition.
We assume that each variety of the manufactured good can be consumed only
in indivisible amounts, which makes the level and the distribution of per capita
income crucial for aggregate demand and is what drives our results. We first show
that, given two closed economies with the same GDP, the economy with higher per
capita income experiences the introduction of a larger number of product varieties.
We then consider an integrated world divided into two countries with identical
GDP and technologies, but with different population size and thus different per
capita income levels. We show that, for a given world average level of per capita
income and keeping all else equal, as the difference in the two countries’ per capita
incomes increases, the number of products that are actually traded in equilibrium
decreases and so does the bilateral volume of trade. This means that we should
indeed expect the volume of North-South trade to be smaller than that of North-
North trade. We then show that, for a given degree of inequality between the
two countries, as the average level of per capita income in the world, and thus in
each country, increases, so does the volume of bilateral trade. This means that
we should indeed expect the volume of North-North trade to be larger than that
of South-South trade.

The remainder of the paper is in six sections. Section 2 discusses where the
existing literature stands as regards the implications of per capita income and
demand for the volume of international trade. Section 3 sets out and analyses
our basic model of a closed economy. Section 4 uses this basic model to study
international trade between two countries with different per capita income levels
and derives results that constitute a formal version of Linder’s insights. Section
5 discusses the implications of our approach for the distribution of gains from

trade between and within countries. Section 6 concludes.



2 Per Capita Income and Trade Theory

When looking for theoretical explanations for the empirical relevance of North-
North trade, economists usually turn to monopolistically competitive models of
international trade,! as introduced in Paul Krugman (1979, 1980) and Elhanan
Helpman (1981) and consolidated in Helpman and Krugman (1985). These mod-
els have developed a consistent general equilibrium framework to analyse how
product differentiation and increasing returns to scale in production can give rise
to trade even in the absence of comparative advantage. In particular, these mod-
els predict that the volume of trade should be large between countries with large
and similar market size, as measured by GDP. However, once one controls for
the effects of aggregate GDP, these models do not have much to say about the
implications of per capita income for the volume of trade. The particular type
of consumers’ preferences that they use imply that there is no difference between
the demand structure of a small and rich country on the one hand and of a very
populous and poor country on the other, provided that they have similar GDP.
In these models per capita income can have effects on the volume and composi-
tion of trade only if it is related in some way to factor endowments and therefore
to the supply side of the economy. Helpman and Krugman (1985, Chapter 8)
analyse this possibility, by assuming that higher levels of per capita income cor-
respond to greater capital abundance. They find that we should expect the share
of intra-industry trade in total trade to be higher in trade flows between coun-
tries with similar per capita income levels. However, in their framework, once the
level of GDP has been controlled for, the total volume of bilateral trade is still
maximised between countries with different relative capital abundance, and thus
with different levels of per capita income.

To see this, consider the integrated world equilibrium box in Figure 1. Note
that all factor endowment points along the BB’ line imply a constant GDP in
both countries. Along this line, the share of intra-industry trade is maximised
at ', where countries have identical capital-labor ratios and thus identical per
capita incomes. However, the total volume of trade is maximised at F or E’,
which imply rather different capital-labor ratios, and thus different per capita

income levels, between the two countries.> This prediction is at odds with the

4However, see the discussion of Davis (1997) in footnote 2.

5In monopolistically competitive models with only one factor, as in Krugman (1979, 1980),
the volume of trade is constant with respect to per capita income once total GDP has been
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Figure 1: The integrated world equilibrium.

Linder hypothesis and, more importantly, with available evidence. As argued by
Helpman (1981), even though it has the “flavor of the Linder hypothesis”, this
approach cannot actually generate the same mechanisms and results, because it
is not “based on the assumption that relative demands change with per capita
income”.

The implications of per capita income for the composition of demand and thus
for the volume of trade have been more carefully considered from a theoretical
point of view by Markusen (1986) and shown to be empirically relevant in Linda
Hunter and Markusen (1988) and Hunter (1991).°® Markusen considers a two-
sector, two-factor, three-region world, with two identical regions located in the
capital abundant and rich North and the other region in the labor abundant and

controlled for.

SHunter and Markusen (1988) estimate a linear expenditure system for 34 countries and 11
commodity groups and reject the hypothesis of homothetic preferences at very high levels of
statistical significance. Hunter (1991), using the same methodology and data as in the previous
paper, compares actual trade flows to those that would obtain in a counterfactual world with
homothetic preferences, and shows that the volume of trade would increase by 29 percent if
preferences were indeed homothetic.



poor South. By assuming non-homothetic preferences that exhibit a greater-than-
unit income elasticity of expenditure on the capital intensive good, he shows that
as the relative factor endowments, and thus relative per capita incomes, of the
North and the South become more dissimilar, the volume of North-North trade
increases relative to the volume of North-South trade. Intuitively, this happens
because every region tends to consume relatively more of the good in which it is
becoming progressively more specialised. However, the assumption that the pro-
duction of the high income elasticity good is relatively intensive in the factor that
is in relatively abundant supply in the rich country is crucial: if it were reversed,
so would be the results. Although Markusen’s framework neatly captures some of
the aspects of Linder’s reasoning, the two differ markedly in one respect: whereas
demand is crucial in determining which country develops new products in the
Linder hypothesis, it has no implication for specialisation in Markusen’s model.
In the latter it is relative factor endowments that determine independently both
interindustry specialisation, through technology, and the composition of demand,
through per capita income: only if the two effects happen to operate in the same
direction Linder’s conclusion regarding the volume of trade obtains. One of the
main contributions of our model is to generate Linder-type results without hav-
ing to rely on any assumption on factor intensities, because, much in the spirit
of Linder, it is the combination of demand characteristics and trade costs that
determines who produces what.

3 The Closed Economy Model

Our stylised economy is inhabited by N individuals. Individual £ is endowed
with h¥ effective units of the only factor of production, labor, so that the total
labor supply is L = Y& | h* effective units. Higher individual endowments of
effective units of labor can be interpreted as higher individual productivity levels,
which we take as exogenously given. This set up will be used in the rest of the
paper to compare economies with equal levels of L, and thus with equal levels
of GDP, but with different population sizes and different levels of per capita
income. This economy produces a good z; (e.g., an aggregate good that includes
food and basic clothing) under perfect competition and using a constant returns
to scale technology that requires one effective unit of labor per unit produced.
The constant returns to scale good is used as numéraire and its price normalised



to one; this implies that the wage rate per effective unit of labor is also unity,
since, as we will show, some positive amount of xy will always be produced in
equilibrium. Individual £’s income is therefore equal to her endowment of effective
units of labor h*. Besides this constant returns to scale good, our economy also
knows how to produce a large number of varieties of a manufactured good, which
we denote by ¢ = 1,2,---,00. Each variety is produced under increasing returns
with a fixed amount of F' units of labor and unit marginal labor requirement. We
assume that the manufacturing sector is characterised by free entry and exit of
firms, and accordingly we model it as being monopolistically competitive. We also
make the crucial assumption that, while x4 can be bought in any divisible amount,
available manufactured varieties are indivisible and consumers cannot buy more
than one unit of each of them.” Apart from this assumption, our treatment of
the demand side of the economy is very general. Namely, we assume that all
consumers have identical preferences and choose xy € [0,00) and z; € {0,1},
for all ¢, to maximize the following additively separable and symmetric utility

function

U= Zu(x,), (1)

n
=0

subject to the individual resource constraint

i=1
The subutility function wu(-) satisifies the usual properties «/(-) > 0 and v” () < 0.
For conveniency we also normalise u(0) = 0.
In what follows we focus on the equilibrium of a closed economy where all
consumers have the same income, i.e. where h¥ = h for all k. Since we restrict

the quantity purchased of each manufactured good to be discrete, we cannot rely

7 Ruling out the possibility of multiple purchases of the same variety seems much more
restrictive than it actually is in this context. For one thing, by imposing a mild restriction on
the utility function, that requires the elasticity of substitution to be sufficiently low with respect
to the degree of increasing returns embedded in technology, one obtains that in equilibrium only
one unit of each good is actually bought, even when multiple purchases are ex-ante allowed.
However, even without imposing any restriction on utility and thus allowing multiple purchases
of the same good to occur in equilibrium, we would still have the fundamental result that
sizeable changes in per capita income cause changes in the number of varieties consumed. Since
ruling out multiple purchases greatly simplifies the technicalities of our analysis, we preserve
this assumption throughout the paper.



on standard differentiation techniques in order to solve for the consumer’s utility
maximisation and for the firm’s profit maximisation problems. We introduce
therefore a new technique to solve monopolistically competitive models in the
presence of indivisible goods.

3.1 The demand system with indivisible goods

Assume that a consumer with income h is simultaneously offered n different
varieties of the manufactured good, denoted by i = 1,...,n, at a given price
vector p = (p1,...,Dj,--.,Pn), and the divisible good zy at unit price. She
chooses the quantities zy € [0,00) and x; € {0,1} to maximize (1) subject to (2).
The surplus that she derives from consuming one unit of good j at price p;, given
the prices of the other (n — 1) varieties and the unit price of the divisible good, is

Sj(h,n,p) = (i x¢+1)U(1)+U(h—§:Pixi_pi>

i#0,j i#0,j
- (Z xz) u(l) —u (h_ Z piwi) )
i#0,j i#0,j

where we have omitted the arguments of the demand functions z; = x;(h,n, p) to
save space.® The first two terms represent the consumer’s total utility when she
buys good j at price p; and the third and fourth terms are total utility when she
does not buy good j. Their difference is the surplus that accrues to the consumer
if she buys one unit of good j. After simplification, the previous equation can be

written in more compact form as

Si(h,n,p) =u(l) +u (h — i it —pj> —u (h — i pixi) : (3)

i#0,] i#0,]

Notice that the concavity of u(-) implies that S(-) is increasing in h, decreasing
in n, and decreasing in p;, for all e =1,... n.

8The variables z; are used as indicator variables before u(1), taking values of one when good i
is consumed and zero otherwise; Z:;O ;T corresponds therefore to the number of manufactured

varieties other than j, that are bought in positive quantity.



A consumer buys one unit of good j only if she derives a non-negative surplus

from doing so.? Thus, for all j, demand is

1 if Sj(h,n,p) >0
zj(h,n,p) = ’ (4)
0 otherwise,

and demand for the divisible good is

xo=h—>Y_ pixi(h,n,p) > 0. (5)

=1
3.2 Equilibrium

We next turn to the production side of the economy and find the equilibrium
number and price of manufactured varieties. As usual in monopolistically com-
petitive models, if a firm enters the market, it always does so by producing a
variety that is not produced by other firms. Doing otherwise would force it to
engage in stiff price competition with another producer of the same good, which
would reduce operating profits to zero. Once a firm j has chosen the variety that
it wants to produce, it maximises profits by charging the highest price, denoted
by pj, at which consumers are still willing to buy one unit of good j, given the
vector p* ; of equilibrium prices charged by the other (n — 1) firms. By charging
more it would lose all demand; and charging less would not maximize profits,
since the quantity demanded by each consumer is fixed to unity and the firm can
extract all the surplus. Therefore, for all 7 and given the number of active firms
n, the vector p* = (pj, p*;) of profit maximizing prices must satisfy

Sj(hanap;ap*—j) =0, (6)

Given the assumption that consumers always buy a good when they are indiffer-
ent, at these equilibrium prices z; = 1 for all 7 in (3), and we can write (6) for all

J as

Sj(h,n, p*) = u(1) + u (h— zn: P —p*j> —u (h — zn: p*,) — 0.

i#0,j i#0,j

9 We assume that the consumer does actually buy the good when she is indifferent.

9



It can be shown that the only solution to this system of n equations in n variables
is fully symmetric, with p*; = p* for all j.'° That is, since all manufactured
varieties enter utility symmetrically, are equally indivisible and do not differ in
any other respect, their equilibrium prices are equal. The following condition
always holds in an equilibrium with given number n of firms

S(h,n,p*) = u(1) + u(h —np*) —u(h — (n —1)p*) =0, (7)

Equation (7) defines implicitly the equilibrium price p* of manufactured varieties
as a function of per capita income h, given the number n of varieties. Because
Op*/Oh > 0, we have the intuitive result that, if no entry of new firms were
possible, producers could charge higher prices and make higher profits in markets
with richer consumers. However, in a free entry equilibrium, an increase in h
cannot cause an increase in prices and the emergence of positive profits, but has
instead the effect of triggering entry by new firms and of increasing thus the
number of manufactured varieties in the market. Formally, in an equilibrium

with free entry, price equals average cost !

pr=1+f, (8)

where f = (F/N) is the per capita fixed cost of each variety.'? Using (8) we can
write equation (7) as

"Define P = i, p*;. For all j we must have u(1) +u (h — P) = u (h — P +p*;); since
u(+) is a strictly monotone function, this implies that p* ; =p* for all j.

HTn order to keep the exposition fluent, we abstract here from the fact that the number of
firms n is an integer, and that there is therefore room for limited positive profits in equilibrium.
This is a slightly less innocent assumption here than in other models with free entry, because
the very way in which demand is obtained in equation (3) relies on the fact that each single
variety has positive measure (assumed to be equal to one for simplicity there). Consistency
with that framework requires therefore that we only consider discrete changes in n, which
we do throughout the rest of the paper. This is however different from imposing that n be
only defined on integers, which would substantially complicate the exposition without making
the analysis any more rigorous. The solution of the model with n defined only on integers is
available from the author on request.

12The fact that p* > 1 implies that some positive amount of g is always demanded and
produced in the closed economy equilibrium, and thus the wage rate is indeed equal to unity
in terms of x¢, as conjectured so far. To see this, assume that zy = 0 in (5), then (3) would
become S; = u(1) — u(p;), and no manufactured variety would be bought at p* > 1. But for
h > 0, the equilibrium consumption allocation ¢y = 0 and x; = 0 for all j would be inconsistent
with utility maximisation and can thus be ruled out.

10



u(h = (n =11+ f)) —u(h —n(l+ f)) = u(l), (9)

which implicitly defines n as a function of h and N. Notice that an equilibrium
with industrialisation, i.e. with n > 1, exists if and only if u(h — 1 — f) >
u(h) — u(1), otherwise only agricultural production takes place. This condition
is more likely to be satisfied for populous countries, i.e. for low f, and when the
substitutability between manufactured varieties is low, i.e. u(-) is rather concave.
Since we are interested in countries that have some, though perhaps limited,
degree of industrialisation, and in goods that can meaningfully be considered
different one from the other, we assume that this condition holds throughout
the paper. Because equation (9) implies An/Ah > 0 and An/AN > 0, both
per capita income and population size have a positive effect on the equilibrium
number of manufactured varieties. However, to see how these effects differ from
standard general equilibrium monopolistically competitive models, we now turn
to answering the central question of this section: is being populous a good substi-
tute for being rich in per capita terms? Both observation of reality and intuition
suggest that this is not the case. Perhaps rather unsurprisingly, our formal model
confirms both this observation and this intuition. Keeping /N constant, equation
(9) implies
An 1 (10)
Ah 14+ f

A closer inspection of equation (9) reveals the intuition behind this result: con-
sumers try to keep the marginal utility of consumption of the divisible good
constant when their per capita income changes. That is, given the equilibrium
price (1 4+ f) of manufactured varieties, a consumer with income h chooses n
to keep Au(zo(h,n)) = u(1), and the comparative statics result in (10) obtains.
Intuitively, this means that our consumers are willing to spend on additional indi-
visible “luxuries” only if this does not affect their marginal need for the divisible
“necessities”.

Taking into account that total GDP can be written as L = Nh, and that
AL = NAh, we can write (10) as

An 1
_ . 11
AL N+ F ( )
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For given population size N, the number of manufactured varieties n is a
linear function of GDP, L. The slope of this function is steeper the less populous
the country is. This suggests that, all else equal, economic growth, in the form of
increasing market size, has stronger effects on expanding product variety in those
countries that are initially less populous and thus richer in per capita income
terms and that, for given and sufficiently large total GDP, L, small and rich
countries tend to have a larger number of products than large and poor ones, as

shown in Figure 2.

n(L,N1)

T n(L,N2)

\

Figure 2: Closed economy, N; < N,

We can summarise our main finding for the egalitarian closed economy of this

section in the following proposition.

Proposition 1 Consider two countries with identical and large enough total
GDP. The country with the highest per capita income will have a larger num-

ber of goods produced under increasing returns to scale than the other country.

Our result is driven by the fact that rich consumers are willing to pay more
than poor consumers for the first unit of each manufactured variety that they

12



decide to buy. Free entry ensures that, in equilibrium, this higher willingness of
rich consumers to spend on differentiated products does not cause an increase in
prices but is instead met by some new firms introducing some new products. If
we were to relax the assumption of indivisibility in the consumption of manufac-
tures, we would obtain the usual result according to which n depends exclusively
on aggregate GDP, irrespective of population size and of per capita GDP.

4 International Trade in an Inegalitarian World

We now use the basic framework developed in the previous section to study how
the level and the world distribution of per capita income affects international
specialisation and the pattern and volume of international trade.!?

Assume that the world is populated by N individuals with an aggregate supply
of effective units of labor equal to L and is divided into two countries, the rich
North and the poor South. The two countries are identical in all respects but
for population size and per capita income.!* In particular, we assume that the
two countries have the same GDP. This assumption is made in order to control
for well understood effects of market size on the volume of trade in an increasing
returns world:'®> we want our results to be explained solely by differences in per
capita income. In order to generate in the simplest possible way differences in
per capita income between countries with identical aggregate GDP, we assume
that they have the same total supply of effective units of labor, but different
population sizes. Namely, we assume that the total labor supply in both countries
is LV = L% = L/2 effective units, and that the North has a share 6 € (0,1/2) of
the world population. This implies that, denoting by h* = L/N the average per
capita income in the world, per capita income in the North is A = h%/20, and is

higher than per capita income in the South, which equals h = h%/2(1 — 0). As

13 Although in the previous and in this section we are forced to preserve perfect equality
within each country in order to keep the analysis tractable, it will become apparent that the
two country model that we introduce in this section can readily be reinterpreted to describe
a closed economy populated by poor and rich consumers, the only difference being in the
assumptions about factor mobility.

14 Although we usually think of differences in wage rates as a crucial factor to understand
production location decisions and thus trade, here we preserve the assumption of identical
constant returns technology in agriculture in both countries, which implies equal wages, in
order to offer a purely demand-driven explanation for our results.

15See Helpman (1987) on this point.
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0 decreases, the North becomes less populated and richer in per capita income
terms, whereas the South becomes more populated and poorer in per capita
income terms. This set up is particularly convenient, since it allows us to use
only the parameter 6 as a measure of equality between countries while keeping
their GDPs constant.

Imagine now that the North and the South can trade in an integrated world
market, where firms set a unique price for their goods. We first derive the pattern
of consumption in this integrated world economy, then determine the location of

production and finally compute the bilateral volume of trade.

4.1 International equilibrium without trade costs

We now construct and analyse an equilibrium where consumers in the South
consume fewer varieties than consumers in the North do, and where those varieties
that are consumed only in the North have a higher price than those that are
consumed in both countries. We also assume that all consumers in the South
consume the same varieties of the indivisible good.'® This assumption guarantees
that the equilibrium that we study below is unique.

Consider the demand schedules, as given by the n equations in (4), of southern
consumers, z;(h,n,p), and of northern consumers, xj(l_l, n,p). Profit maximiza-
tion and free entry imply that the equilibrium must have the structure described

in the following lemma.

Lemma 2 Denote by n" the number of firms that sell to all consumers in the
world, by n™ the number of firms that sell only to consumers in the North, and
by n = nW +n the total number of firms that are active in a free entry equi-
librium. (a) Every profit mazimising firm j charges either a price p* such that

. J— 1 —% * _'J —% *
Sj(ﬁ,n,gj.,p*_j) = 0 or a price pj such that S;(h,n,p},p*;) = 0, with p; > p;-
(b) Further, there is always a number nV' > 0 of firms selling to everybody in the
world at a price Q’; = pV, and possibly a number n™¥ > 0 of firms selling only to

consumers in the North at a price p; = ™.

Proof. Part (a) can be easily proved, by observing that any profit that firm
j can make by charging a price different from Q;f or p; can be improved upon by

16This assumption is not very restrictive: if we think that in reality goods have different
degrees of indivisibility, then all consumers in the South would consume the same n most
divisible goods. This would hold even if the differences in the degree of indivisibility across
goods are infinitesimally small, a case which is approximated by our model.

14



switching to either of them. This is due to the fact that demand is completely
rigid at unit quantity and thus producers do not want to leave any surplus to the
group of consumers that they have decided to target.

We prove part (b) by contradiction. Assume that there exists a free entry equi-
librium with n"' = 0 and that all n = n"v active firms sell only to Northern con-
sumers and charge p;* = pY. By construction, this implies that Sj(ﬁ, n¥, pN) =0
for all j = 1,...,n". Since the surplus function S(-) is increasing in h, it must
be that S;(h,n",pN) < 0 for all j = 1,...,n". However, S(-) is decreasing in
n, which implies that there exists some 7 < n’¥ such that S;(h, 7, p™N) > 0 for all
t = 1,...,n. Therefore, given our assumption that all consumers in the South
buy the same varieties of the manufactured good, a subset 7 of the n" firms
would sell to both rich and poor consumers, whereas a subset (n" — i) would
sell only to rich consumers. Given the presence of fixed costs in production, this
implies that the two subsets of firms would have different average costs. With
all firms charging the same price, profits can not be equal (to zero) for all active
firms. Therefore n"Y = 0 and all n = n active firms charging p" is not an
equilibrium.

To prove that n'V is strictly positive is not possible at the level of gener-
ality assumed here. To see why this is the case, assume that there exists an
equilibrium with n’¥ = 0 and that all n = n" active firms maximise profits by
charging Q;f = p". By construction, this implies that S;(h,n",p%W) = 0 for all
j=1,...,n". Since S(-) is increasing in h, it must be that S;(h,n",p%V) > 0
forall j = 1,...,n". Under free entry this would constitute an incentive for some
new firm ¢ to enter the market and sell its variety to consumers with income h,
which would destabilise the assumed equilibrium. However, firm ¢ would sell its
variety to a smaller number of consumers than the existing firms j = 1,...,n"
do, and it should therefore charge p; > p" to break even. Without additional
assumptions on the concavity of u(-) and on the level of the fixed cost, we are not
guaranteed that the price p; that drives the surplus S;(+) to zero is high enough to
make break-even possible. However, for the results to follow we do not need n'v
to be strictly positive, even though this will be the case under most parameter

configurations. O

Lemma 2 says that in equilibrium some firms charge a lower price and cover
the world market by selling to consumers in both countries, and possibly some
other firms charge a higher price and sell only to the consumers in the rich North.
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Profit maximisation implies that the equilibrium must satisfy

ulh— (0" = 1)p") —u(h—n"p") = u(1), (12)

u(h —n"p" — (™ = 1)p") —u(h —n"p" —n"p") = (1),  (13)

with V' > 0 and n"¥ > 0. Further, in a free entry equilibrium prices must equal
average cost

pV =1+, pN=1+£7 (14)

where f = F//N now denotes per capita fixed cost taking the world population
as a base. The equilibrium price p"V of the n" goods consumed only in the North
is higher than the price p" of the n'V' goods consumed in both countries because
of the smaller quantity sold (N instead of V) and of the ensuing higher average
cost. Using (14) in (12) and (13)

u(h — (0" = 1)(1+ f)) —u(h —n" (1 + f)) = u(1), (15)
uh—n"(1+ f) = (nN = 1)(1+ f/0))— (16)
u(h =21+ f) =N (1 + £/0)) = u(1).

Given world GDP and population, equation (15) determines the equilibrium num-
ber n"' of products that are consumed in both countries, solely as a function of
per capita income in the South. Equation (16) uses this result to determine the
number n’V of products that are consumed only in the North, when this is strictly
positive. We can summarise our results in the following proposition.

Proposition 3 In our stylised world economy, there exists a unique equilibrium,
determined by (14), (15) and (16), in which a number n"W > 0 of manufactured
varieties are consumed both in the North and in the South at a price p" =1+ f,
and a number n™¥ > 0 are consumed only in the North at a price pN =1+ f/0 >
p"'. This result holds notwithstanding the perfect symmetry of all goods as regards
indivisibility, preferences and technology.

Proof. The equilibrium described in Proposition 3 is such if no active firm has
an incentive to deviate and choose a different price, when it takes as given the
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equilibrium number and prices of all other active firms, and, at these equilibrium
profit maximising prices, all active firms make zero profits.

If a firm selling only in the North raises the price of its product above 1+ f/6
when all other firms keep their prices constant, it looses all demand and makes
negative profits, since northern consumers drop its good from their consumption
bundle; thus she does not want to do so. Next, if the same firm considers lowering
its price below 14 f /6, then Lemma 2 implies that it should choose 1+ f. However,
if the firm lowered its price from 1+ f/0 to 1+ f, it would at best break-even
and with positive probability would make a loss, since consumers in the South
are already satiated in equilibrium by the n'V manufactures that they consume
and would thus drop one of the n'V' + 1 goods that they are now offered, possibly
the one of the deviating firm itself. Since this firm would make zero profits with
certainty by keeping its price at 1 + f/6, it has no incentive to deviate.

By a similar line of reasoning we next show that a firm selling in both coun-
tries does not want to raise its price above 1 + f. If it considers a deviation
in this direction, Lemma 2 implies that it should set its price at 1 + f/6. If it
increased its price up to 1+ f/6, consumers in the North would drop one of the
n™¥ + 1 most expensive goods from their consumption bundle, possibly that of
the deviating firm itself. The deviating firm would at best break-even and with
some positive probability would be left with zero demand and make a negative
profit. It has therefore no incentive to deviate from the initial equilibrium price
1+ f, at which it breaks even with certainty. This proves that the equilibrium
proposed in Proposition 3 exists. Further, since the loci (15) and (16) cross only
once in the (n", n®) space, this equilibrium is unique. As already observed, the
uniqueness of the equilibrium depends on the assumption that all consumers in

the South consume the same varieties of the differentiated good.O

Note that equation (15) and A = h*/2(1 — ) together imply

Ao - v 0 17
A 200 (1-0-AOI+S) (17)

Since 6 < 1/2 and we only focus on changes that leave the North the least pop-
ulated country, i.e. Af < 1/2, the number n"' of goods consumed by everybody
in the world is an increasing function of the degree of equality between the two

countries’ per capita income levels.
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4.2 'Trade costs and specialisation

In the absence of any trade cost, the equilibrium number of goods, their equilib-
rium prices and the consumption patterns in the North and in the South are all
unambiguously determined in our model, but the location of production is not.
In order to study how demand influences specialisation, we follow Linder (1961)
and Vernon (1966) in assuming that there is always a cost of producing far from
demand. This could be an actual trade cost or simply a friction capturing the
difficulty for a foreign entrepreneur of knowing exactly local demand and social
atmosphere, to use Vernon’s early verbal explanation of these issues. To our
purpose, it is sufficient to assume that this cost € > 0 be arbitrarily small. As
a consequence of this infinitesimal trade cost, production of all of the n’V goods
takes place in the North, since it would be inefficient to produce them in the South
where there is no demand for them. Thus the n? goods become endogenously
non-traded: they are both produced and consumed only in the North. Although
our model has no dynamic structure and although our goods are intrinsically all
the same, these n’V goods correspond closely to what Linder called “new goods”.

Efficiency considerations also suggest that production of all of the the n'V
goods should be located in the South, where there is larger demand for them than
in the North.!” However the availability of labor in the South could constitute
a binding constraint: whereas we are guaranteed that the North will always be
able to produce domestically the n®¥ endogenously non-traded goods, it is possible
that for certain ranges of parameters the South does not have enough labor to
produce all of the n'V' goods sold in both countries. In order for the South to be

able to produce all the n"" goods and some positive amount of x(, we must have

n"WN(1+ f) < g

The left hand side of the previous inequality is the labor demand associated with
the production of the entire set of n" goods by the different n" firms active in
equilibrium, and is found by noting that one unit of each of these goods is bought
by all the N consumers in the world. This labor demand must be strictly less
than the effective labor supply in the South, L/2. Using the definition of world

average per capita income, we can write this constraint as

17To see this, remember that we are assuming that the South has a larger population than
the North. Since each consumer, no matter where he resides, buys one unit of each of the n"V
goods, total demand for these goods is larger in the South than in the North.

18



W h*
0
n ()<2

(Ewi (18)

where the notation in the left hand side reminds that n" is a monotonically
increasing function of #, as shown in (17). Inequality (18) says that, for all the
production of the equilibrium n"" goods to be located in the South, countries
must not be too equal in per capita income terms. This is because if they are,

then nWv

, and thus the associated labor demand, grows larger, whereas the total
effective labor supply in the South remains constant, and eventually becomes
binding. The range (0, ) for which all " goods are produced in the South is
determined by finding that # that solves (18) with equality and, using (15), is
implicitly given by

u(%—i—(lef)) —u(%) = u(1). (19)

Given the concavity of u(-), (19) implies that 6 is increasing in the per capita
fixed cost f, decreasing in the world’s level of average per capita income h* and
increasing in the degree of substitutability between goods (i.e. § is larger for a
less concave utility function).® When 6 € (0,6), the North imports all of the
n" goods from the South, offering good z( in exchange. If instead 6 € (,1/2),
then some of the n'' goods must be produced in the North. The North would
now produce all three types of goods, and import those goods in n"V' that are
produced in the South in exchange for good xy and for the rest of the goods in
n". This would imply that there is no production of good gy left in the South.
However, since trade costs are arbitrarily small, a threat of entry by Northern
firms prevents the wage rate in the South from rising above one in terms of x,.!°
We can thus conclude that the number of varieties produced in the South and
imported in the North, which we denote by #", is

18Numerical simulations of equations (15) and (16), carried out using a CES utility function,
show that when the elasticity of substitution is high, the length of the interval (0,6) is rather
large for a very reasonable set of parameters (often larger than 0.5, implying that all n' goods
can be produced in the South, no matter the level of 6 € (0,1/2]).

191f the wage rate in the South were greater than one, the price of the goods produced there
would be greater than 1+ f, and, given infinitesimal trade costs, it could be profitably undercut
by a new entrant in the North, where the wage is equal to one.
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" (8) if 6 € (0,9

h/2(1+ f) if 6 € (9,0.5]

Figure 3 represents 7'V as a function of 6.

hﬂ
21+ 1)
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Figure 3: Number of varieties imported by the South.

4.3 The volume of trade

We now determine the volume of bilateral trade, expressed as the sum of the
exports of the two countries. Balanced trade implies that the value of exports
of the North is equal to the value of exports of the South, when expressed in
a common numéraire. This allows us to write the volume of trade as twice the
value in terms of good z( of the imports of the North. Since each consumer in
the North consumes one unit of each of the " different manufactures produced
in the South, and there are /N such consumers, the volume of trade, measured
in terms of units of good x, is
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VT =2(1+ f)ONY(0).

In what follows we normalise the total volume of trade by the sum of the two
countries’ total GDP, which equals the world’s GDP, and write®

VT 201+ )87 (6)
L ha '

vt (21)

w

Since n" is non-decreasing in #, we conclude that the volume of trade between

the North and the South is unambiguously increasing in 6.

Proposition 4 Consider two countries with identical total GDP. The volume of
their bilateral trade as a share of their GDP is increasing in the similarity in their

per capita 1ncomes.

This result is a simple formal restatement of the Linder’s hypothesis: when
two countries have more similar per capita income levels, they have more similar
demand patterns and a larger number of the goods produced in each of them is
actually traded, implying that the volume of trade between them increases. Note
that in our model the increase in the volume of trade is caused by two distinct
effects, that are captured by the terms 6 and 7'V () in (21). The former effect is
familiar in the literature on international trade under monopolistic competition
and increasing returns: a higher # means that consumers are distributed more
evenly between the two countries and therefore that a larger number of units
in each given product variety actually crosses the border. The latter effect is
what really captures the essence of our argument: countries with more similar
per capita income tend to have more similar consumption bundles and a larger
number 7" of varieties is actually traded between them.

Our model also yields another result that is supported by much evidence
and that finds a verbal explanation in the Linder hypothesis: given total GDP
and given a certain level of inequality in two countries’ per capita incomes, the
volume of bilateral trade tends to be larger between rich countries than between
poor countries. To see this, notice that, for given and constant 6, equation (21)

implies

20Gince we assume balanced trade and identical total GDP in the two countries, vt is also
equal to twice the share of trade in each country’s total GDP.

21



Awt h(h* + Ah®) Y (h— (1 + f)n") >0 if 6 € (0,0]
N

(22)
0 if 0 € (0,0.5].

Notice that (b — (1 + f)n") is the quantity of agricultural good consumed by a
Southern consumer, and we have already shown in section 3 that this is always

positive. This leads us to the following proposition.

Proposition 5 Consider two countries with a given ratio of per capita incomes
(i.e., with given ). If the two countries are sufficiently dissimilar, i.e. if 6 €

(0, 0], the volume of their bilateral trade as a share of GDP is increasing in the

average level of their per capita incomes.

Proposition 5 can be interpreted as saying that, according to our model, we
should indeed expect the volume of North-North trade to be larger than that
of South-South trade. It therefore provides an explanation for the empirical ob-
servation, common to virtually all gravity estimations of the determinants of
international trade, that the volume of bilateral trade flows depends positively
and in a significant way on the level of per capita income of both the exporter
and the importer, even if one controls for their total GDPs.?!

5 Notes on Gains from Trade and Welfare

In this model, as in most models of product variety under increasing returns
and free entry, both countries gain from trade. These gains accrue through scale
effects in the production of the n"V' goods: each of these goods is sold to a larger
number of consumers under free trade than under autarky, and lower average costs
imply lower equilibrium prices, allowing consumers in both countries to afford and
enjoy larger variety. However, countries with different per capita income levels do

not gain from trade to the same extent in our model. Given two countries with

21 James Anderson (1979) imposes exogenous restrictions on the demand side of his model
to obtain a gravity equation with this characteristics. However, he points out the importance
of a better theoretical understanding of why and how per capita income and population size
have this effect. The implications of different or nonhomothetic preferences for the derivation
of gravity equations are also discussed in Alan Deardorff (1998)
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identical total GDP, the country with lower per capita income gains relatively
more than the other.?? This is due to the fact that, whereas scale effects make
the price of all the goods consumed in the South decrease, the price of those
goods consumed only in the North is not affected by trade.

Further, our model also suggests that, when an inegalitarian economy opens
to trade, different classes of consumers gain differently depending on the level
of development of the trade partner. Assume that the North is populated by
some rich and some poor consumers, and that the poor consumers in the North
have the same level of per capita income as the consumers in the egalitarian
South. Focusing attention on changes in consumers’ welfare in the North, poor
consumers gain relatively more than rich consumers, since the latter will not en-
joy a reduction in the price of some of the goods that they consume, while all
the goods consumed by the former become cheaper. Even though the special
structure underlying this result suggests particular caution in interpreting it, this
is an interesting way of reconsidering the distributional consequences of North-
South trade. Since poor consumers in the North are usually associated with
unskilled workers, Stolper-Samuelson effects make them particularly vulnerable
to trade with the South. Notwithstanding the unresolved debate about the dif-
ferent causes for the increasing wage gap in developed countries, few would deny
that such an effect could in principle be relevant. However, our model suggests
that, due to different demand behavior, the poor are also those benefiting more
as consumers from trade with the South, since the price index associated with
their consumption bundle falls by more than that associated with the consump-
tion bundle of the rich. Turning to inequality in the South and by a symmetric
argument, one can see that the rich in the South gains relatively more than the
poor in the South from trade with the rich North.

6 Conclusion

Economists and economic historians have long recognised that, besides the size
of the market, also the level and the distribution of per capita income have im-

portant implications for the introduction of new products, the pattern of interna-

22This result complements that also obtained in standard models, where the country with
smaller market size gains relatively more from trade, through a more dramatic increase in
variety over what can be afforded in autarky.
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tional specialisation and the volume of trade flows. These implications can not,
however, be adequately captured by the existing literature on product variety
under increasing returns and monopolistic competition. In this paper we tackled
the issue using a simple model, that embeds the assumption of indivisible man-
ufactured goods in an otherwise rather standard monopolistically competitive
framework. The more realistic treatment of the demand side of the economy that
follows from this assumption allowed us to derive what we think are intuitive and
relevant results. A higher level of per capita income makes consumers demand
larger variety, besides their consumption of the divisible good, and makes there-
fore the introduction of a larger number of manufactured goods possible. As a
consequence, given two countries with similar total market size, as captured by
GDP, a less populous and richer country will experience more innovation than a
more populous and poorer country. This hints to a possibly profitable application
of our model to growth theory: by clearly distinguishing between the effects of
per capita income and of the number of people in the economy, our approach
can help shed some light on the much debated importance of population size and
scale effects for the process of economic development.?

The model has also strong implications for explaining the pattern of interna-
tional specialisation and the volume of North-South trade, and offers a theoretical
framework within which to analyse the Linder hypothesis. When two countries
with different levels of per capita income can trade their goods in integrated world
markets at some, even arbitrarily small, cost, some goods may be consumed and
produced only in the North and may become endogenously non-traded. As the
levels of and the similarity in the countries’ per capita incomes increase, so do
the number of product varieties that are actually traded and the bilateral volume
of trade.

As concerns welfare considerations, the approach taken here suggests that
countries at different levels of development gain from trade to a different extent,
with poorer countries gaining relatively more than richer ones. Further, trade-
induced changes in the welfare of poor and rich consumers within an inegalitarian
country also depend on the level of development of the trading partner: all else
equal, consumers with personal income levels more similar to those prevailing in

the trading partner are those who gain relatively more from trade.

Z(Charles Jones (1999) reviews current research on this topic.
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