
721

[ Journal of Political Economy, 2011, vol. 119, no. 4]
� 2011 by The University of Chicago. All rights reserved. 0022-3808/2011/11904-0004$10.00

Income Distribution, Product Quality, and

International Trade

Pablo Fajgelbaum
University of California, Los Angeles

Gene M. Grossman
Princeton University

Elhanan Helpman
Harvard University and Canadian Institute for Advanced Research

We develop a framework for studying trade in horizontally and ver-
tically differentiated products. In our model, consumers with hetero-
geneous incomes and tastes purchase a homogeneous good and make
a discrete choice of quality and variety of a differentiated product.
The distribution of preferences generates a nested-logit demand struc-
ture such that the fraction of consumers who buy a higher-quality
product rises with income. The model features a home-market effect
that helps to explain why richer countries export higher-quality goods.
It provides a tractable tool for studying the welfare consequences of
trade and trade policy for different income groups in an economy.
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I. Introduction

International trade flows reveal systematic patterns of vertical speciali-
zation. When rich and poor countries export goods in the same product
category, the richer countries sell goods with higher unit values (Schott
2004; Hummels and Klenow 2005; Hallak and Schott 2011). This sug-
gests a positive association between per capita income and the quality
of exports. Also, when a country imports goods in a product category
from several sources, the higher-quality goods are imported dispropor-
tionately from the higher-income countries (Hallak 2006). Since
wealthier households typically consume goods of higher quality (Bils
and Klenow 2001; Broda and Romalis 2009), the pattern of vertical
specialization has important implications for the distributional conse-
quences of world trade.

In this paper, we propose a new analytic framework for studying trade
in vertically differentiated products. Our approach features nonhomo-
thetic preferences over goods of different quality, as is suggested by the
observed consumption patterns. It allows trade patterns to depend on
the distributions of income in trading partners, and it implies that the
welfare consequences of trade vary across income groups in any country.
It predicts that richer countries will be net exporters of higher-quality
goods and net importers of lower-quality goods under reasonable as-
sumptions about levels and distributions of national income. Our model
implies that, in many circumstances, trade liberalization benefits the
poorer households in wealthy countries and the richer households in
poor countries.

We provide a demand-based explanation for the pattern of trade in
goods of different quality. In this respect, our approach is reminiscent
of that used by Linder (1961), who hypothesized that firms in any coun-
try produce goods suited to the predominant tastes of their local con-
sumers and sell them worldwide to others who share these tastes.1 Our
approach complements a flourishing literature that highlights various
supply-side determinants of trade in vertically differentiated goods. In
Markusen (1986) or Bergstrand (1990), for example, the country with
higher per capita income exports the luxury good, because that good
happens to be capital intensive. Similarly, in Flam and Helpman (1987),
Stokey (1991), Murphy and Shleifer (1997), and Matsuyama (2000), the

1 Mitra and Trindade (2005) also offer a demand-based explanation for the pattern of
trade in a model with nonhomothetic preferences. However, their model implies that
countries will export goods that are little demanded at home in the absence of any supply-
side differences between them. See also the studies by Foellmi, Hepenstrick, and Zwei-
müller (2010), who model trade in horizontally differentiated goods with discrete choice
and nonhomothetic preferences, and Auer (2010), who models heterogeneity in consumer
tastes and explores how international differences in tastes affect the pattern of trade in
differentiated varieties.
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pattern of trade follows from an assumption that richer countries have
relative technological superiority in producing higher-quality goods.2

More recently, Baldwin and Harrigan (2011) and Johnson (forthcom-
ing) have incorporated vertically differentiated products into trade mod-
els with heterogeneous firms. They seek to explain the observation that
more productive firms export higher-priced (and therefore, presumably,
higher-quality) products by referencing the relatively greater incentive
that such firms have to undertake quality-enhancing investments. Their
approach would generate a supply-side explanation for the observed
pattern of trade if richer countries are home to a disproportionate share
of the high-productivity firms.3

The demand structure that we exploit has strong empirical roots. We
assume that individuals consume varying quantities of a homogeneous
good and a discrete choice of a product that is both horizontally and
vertically differentiated. Consumers choose among different quality op-
tions for the good and from a set of distinctive products at each quality
level that have idiosyncratic appeal. The assumed form of the utility
function and the distribution of tastes are such that the system of ag-
gregate demands exhibits a nested-logit structure. We draw on the theory
of such demands that has been developed by McFadden (1978), An-
derson, De Palma, and Thisse (1992), and Verboven (1996b), among
others.4

We posit a utility function that features complementarity between the
quantity of the homogeneous good and the quality of the differentiated
product. This property of the assumed preferences—shared also by ear-
lier work on vertical competition by Gabszewicz and Thisse (1979, 1980)
and Shaked and Sutton (1982, 1983)—implies that the marginal value
of quality is higher for households that have greater income. We add
to their specification an idiosyncratic taste component that captures a
consumer’s personal valuation of the attributes of each of the differ-
entiated products. With this addition, a wealthy consumer may fancy a
particular low-quality variety whereas a poorer consumer favors one of
the high-quality products. In the aggregate, the fraction of consumers
who buy a high-quality product rises with income. This behavior gen-

2 Also, in a calibration exercise using a Ricardian framework à la Eaton and Kortum
(2002) with two industries and many goods, Fieler (2011) finds that the industry with a
higher income elasticity of demand also has the greater spread in its productivity draws.
As she shows, this gives the country with the higher technology level a comparative ad-
vantage in luxury goods.

3 Hallak and Sivadasan (2009), Manova and Zhang (2011), and Kugler and Verhoogen
(forthcoming) provide empirical evidence on the relationship between firm size, firm
productivity, and export unit values.

4 The nested-logit demand structure has been applied to international trade by Gold-
berg (1995) and Verboven (1996a) and more recently by Verhoogen (2008) and Khan-
delwal (2010). The latter two include a vertical dimension of product differentiation in
their discussion, but their focus is very different from ours.
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erates heterogeneity in income elasticities of demand across different
goods. Such heterogeneity has proven useful in explaining bilateral
trade flows in work by Hunter and Markusen (1988), Bergstrand (1990),
Hunter (1991), and Fieler (2011). Moreover, the horizontal product
differentiation validates a market structure of monopolistic competition,
which simplifies the analysis greatly in comparison to the earlier liter-
ature with oligopolistic interactions.

The nonhomotheticities in demand forge a link between the shape
of a country’s income distribution and the pattern and intensity of its
trade in vertically differentiated products. We draw out some of the
implications in our analysis, much as Flam and Helpman (1987), Mat-
suyama (2000), and Mitra and Trindade (2005). Dalgin, Trindade, and
Mitra (2008) and Choi, Hummels, and Xiang (2009) show that such
links between income distribution and trade patterns are important in
reality.5

In our model, patterns of aggregate demand translate into patterns
of specialization and trade via “home-market effects.” In a standard
competitive model with constant returns to scale, a country exports those
goods for which there is little local demand and imports goods that
domestic consumers especially covet. But, as Krugman (1980) argued,
when transportation is costly and production features economies of
scale, a large home market lends a competitive advantage to local firms.
Therefore, countries tend to export the increasing-returns goods that
are in great domestic demand.6 In our model, the demand differences
are not a matter of exogenous cross-country variations in tastes but
rather derive from differences in income distribution in the face of
nonhomothetic demands. We outline conditions under which a richer
country, or one with a more dispersed distribution of income, has a
larger home demand for high-quality goods and a smaller home demand
for low-quality goods. Under such conditions, more firms enter to pro-
duce high-quality goods in the richer (or more unequal) country,
whereas the opposite is true of firms producing low-quality products.
Firms at a given quality charge the same ex-factory prices, so the number
of producers predicts the direction of trade. Thus, our model can ex-
plain, for example, why Germany traditionally has exported high-quality
cars to Korea while importing low-quality cars from there.

5 Choi et al. (2009) show that country pairs that share more similar income distributions
also exhibit more similar distributions of import prices. Dalgin et al. (2008) find a positive
correlation in a sample of developed countries between income dispersion and imports
of luxury goods.

6 Hanson and Xiang (2004) extend Krugman’s argument to a setting with many in-
dustries that differ in transport costs and the extent of product differentiation. They
provide empirical support for the proposition that larger countries export more in in-
dustries with high transport costs and highly differentiated products. See Davis and Wein-
stein (2003) for further empirical evidence of home-market effects in the pattern of trade.
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Our framework provides a tractable and parsimonious tool for study-
ing the distributional implications of changes in transport costs or trade
policy. Since different income classes in a country consume different
mixes of products, the delocation of firms induced by changes in trading
conditions affects the welfare of the various income classes differently.
We find, for example, that trade liberalization in a rich country tends
to favor the lower-income groups there, who benefit as consumers from
an expansion in the range of product offerings at the low-quality level
and from a transfer of income from groups that consume greater shares
of the high-quality good.

In Section II, we develop our framework in the context of a closed
economy. Each consumer buys one unit of some differentiated product
and devotes residual income to the homogeneous good. Individuals
have idiosyncratic evaluations of the various differentiated products,
which also differ in quality. The distribution of taste parameters gen-
erates a nested-logit structure of aggregate demands. We combine these
demands with a simple supply model that features a single factor of
production, costs that vary by quality level, and free entry into the dif-
ferentiated-products sector. In the monopolistically competitive equilib-
rium, each firm producing a differentiated product charges a markup
over its unit cost that depends on the quality level of its product and a
parameter describing the distribution of idiosyncratic tastes. We show
in Section III for the case of two quality levels that the autarky equilib-
rium is unique and that it is characterized by positive numbers of pro-
ducers of both low-quality and high-quality goods. We proceed to ex-
amine how changes in population size and the level and spread of the
income distribution affect the numbers of producers at each quality
level and the welfare of different income groups.

Section IV introduces international trade between two countries that
share similar supply characteristics but differ in their levels and distri-
butions of income. We assume that differentiated products are costly to
transport internationally, with per-unit shipping costs that may vary with
the quality level. When shipping costs are sufficiently high, as we assume
throughout that section, each country produces and trades both low-
quality and high-quality goods. We examine how country sizes and in-
come distributions combine to determine the pattern of trade. We also
investigate the distributional implications of a decline in trading costs.
When such costs decline sufficiently, the production of goods of a given
quality must be concentrated in a single country, as we show in Section
V. For trading costs close enough to zero, each good is produced in the
country that would have the larger home market in a hypothetical,
integrated equilibrium. This implies, for example, that if countries are
of equal size and the income distribution in one first-order stochastically
dominates that in the other, then the richer country produces and
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exports the higher-quality goods whereas the poorer country produces
and exports the lower-quality goods.

In Section VI, we study commercial policy. Tariffs have no effect on
ex-factory prices in our model. The welfare effects of a tariff derive from
a composition effect and a redistribution effect. The former captures
the change in the relative numbers of high- and low-quality products
that results from protection. The latter reflects the transfer of tariff
revenues from import purchasers to the average consumer.

Section VII extends the model to include more quality levels and
more countries. By doing so, we are able to make contact with the recent
empirical literature on the pattern of trade in vertically differentiated
products. We assume that countries can be ranked from poorest to
richest such that the income distributions in any pair of countries satisfy
the monotone likelihood ratio property. We show that when two coun-
tries are of similar size and trading costs are high, the richer country
has positive net exports of all the highest-quality goods and positive net
imports of all the lowest-quality goods in its bilateral trading relation-
ships with poorer countries. When trading costs are small, each quality
level is generically produced in a single country and richer countries
produce higher-quality goods than poorer countries. In terms of the
trade pattern, we find that among countries of similar size, the richer
countries export goods of higher quality, which is in keeping with the
empirical findings by Schott (2004) and Hummels and Klenow (2005).
When trading costs are small, a country imports higher-quality goods
from richer trading partners, as Schott (2004), Khandelwal (2010), and
Hallak and Schott (2011) find to be true for U.S. imports from various
sources.

II. The Model

We develop a model featuring income heterogeneity and nonhomo-
thetic preferences over goods of different quality. We describe the model
in this section, characterize its autarky equilibrium in the next, and then
move on to international trade in Sections IV–VII below.

Each individual consumes a homogeneous good and his optimal
choice from a finite set of differentiated products. Both types of goods
are produced with labor alone. The homogeneous good requires one
unit of effective labor per unit of output. This good is competitively
priced and serves as numeraire. The differentiated products require a
fixed input of labor and a constant variable input per unit of output.
Monopolistic competition prevails in this industry. We assume that the
labor supply is sufficiently large relative to aggregate demand for dif-
ferentiated products to ensure a positive output of the numeraire good
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in any equilibrium. Then competition implies a wage rate for effective
labor equal to one.

The economy is populated by a continuum of individuals who are
endowed with different amounts of effective labor. This heterogeneity
in endowments generates a distribution of income. We denote the in-
come distribution by G, so that is the fraction of the mass N ofG(y)
individuals with effective labor and wage income less than or equal to
y. We assume throughout that every individual has sufficient income to
purchase one unit of any variety of the differentiated product, including
the most expensive, at the prevailing equilibrium prices.

Each consumer values only one unit of the differentiated product
and thus faces a discrete consumption choice. Each buys the good that
offers him the highest utility, considering the prices and characteristics
of all available products. Varieties are distinguished by their quality level
and by other attributes that affect consumers’ idiosyncratic valuations.
We denote by Q the finite set of available quality levels and index quality
by q.

A. Preferences and Demand

Let j index the individual varieties of the differentiated product and let
denote the set of varieties with quality q. In this notation, the varietyJq

index identifies both the quality of the good and its other attributes,
so that if j has quality q, then and for .′

′j � J j � J q ( qq q

Now consider the utility that an individual h would attain by con-huj

suming z units of the homogeneous good and variety of the dif-j � Jq

ferentiated product. We assume that
h hu p zq � � for j � J , (1)j j q

where is the individual’s idiosyncratic evaluation of the particularh�j

attributes of variety j. Each individual has a vector of idiosyncratic eval-
uations, one for each of the available varieties; denote this vector by

. The utility function in (1) features complementarity between theh�
quantity of the homogeneous good and the quality of the differentiated
product, much as a “standard” utility function (e.g., Cobb-Douglas or
constant elasticity of substitution [CES]) features complementarity be-
tween the quantities of the various goods in the individual’s consump-
tion basket.7 The complementarity between quantity and quality implies
a greater marginal valuation of quality for those who consume more of

7 This feature of our formulation is quite common in the earlier literature on vertical
competition in oligopoly; e.g., Gabszewicz and Thisse (1979, 1980) and Shaked and Sutton
(1982, 1983) use the utility function (in our notation). We add horizontal differ-u p zq
entiation in the form of the idiosyncratic taste component, which greatly simplifies the
analysis.
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the homogeneous good. This property of the utility function generates
the nonhomotheticity of aggregate demands in our model.8 Meanwhile,
the additive utility component captures the other attributes of the prod-
uct, which the heterogeneous consumers evaluate differently. The hor-
izontal product differentiation validates our assumption of a monopo-
listically competitive market structure.

We take the terms to be distributed independently across the pop-�
ulation of consumers according to a GEV distribution, which we denote
by . That is,G (�)�

vq�� /vj qG (�) p exp � e ,� �� ( )[ ]
q�Q j�Jq

with for all . This distribution of taste parameters isv � (0, 1) q � Qq

common in the discrete-choice literature, following Ben-Akiva (1973)
and McFadden (1978), because it generates a convenient and empiri-
cally estimable system of demands (see also Verboven 1996b; Train 2003,
chap. 4).

Now consider the optimization problem facing an individual with
income and vector of taste parameters . Of course, this individualh hy �
simply chooses the quality and variety that yield the highest utility among
all available options, that is, the q and the that maximize hj � J (y �q

, where is the price of variety j. Here represents theh hp )q � � p y � pj j j j

amount of (residual) income that the individual devotes to spending
on the numeraire good after buying one unit of his most preferred
variety of the differentiated product. The calculations in McFadden
(1978) and elsewhere imply that, with distributed according to a GEV,�
the fraction of individuals with income y who choose variety j with quality
q is given by

8 In our formulation, the household’s indirect utility function is given by h hv p q(I �j

, which is related to but different from the specification commonly used to modelhp ) � �j j

consumer demand in the recent industrial organization (IO) literature. There, researchers
typically take , where is some attribute of product j (such ash h h h hv p h y � m (I � p ) � � yj j j j j

quality); and are parameters that represent the household’s valuation of the attributeh hh m
y and the marginal utility of income, respectively; and is an idiosyncratic taste componenth�j

like the one used here. In the literature that follows McFadden (1978), authors have
assumed that and for all h and that has a generalized extreme valueh h hh p h m p m �j

(GEV) distribution. In the literature that follows Berry, Levinsohn, and Pakes (1995),
authors have assumed that the taste parameters and are heterogeneous across house-h hh m
holds and that has a type I extreme value distribution. In either case, the impliedh�j

(direct) utility function does not allow for interactions between utility from the numeraire
good and that from specific attributes of the differentiated product such as “quality.” As
Nevo (2011) notes, the separability of and is implied by quasi-linear preferences,hI � p yj j

which may be an appropriate assumption in the partial-equilibrium applications that in-
terest IO economists, but less so for general equilibrium concerns at issue here. In par-
ticular, a complementarity between quality of the differentiated product and consumption
of the homogeneous good provides a parsimonious explanation for consumption patterns
across the income distribution and for the resulting patterns of international trade.
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r(y) p r 7 r (y) for j � J , (2)j jFq q q

where
�p q/vj qe

r p (3)jFq �qp /vl q� el�Jq

is the fraction of consumers who buy variety j among those who purchase
a differentiated product with quality q and

(y�p )q/v vj q q[� e ]j�Jq
r (y) p (4)q (y�p )q/v vj q q� [� e ]q�Q j�Jq

is the fraction of consumers with income y who opt for a product of
this quality. The fraction of individuals who buy a good with quality q
varies by income level and with the vector of all product prices, whereas
the fraction who buy a particular variety conditional on the choicej � Jq

of quality q depends only on the prices of the goods in this quality
segment.

Readers familiar with the empirical literature on discrete-choice mod-
eling will recognize the implied demand system as a nested logit, with
choice over quality levels (the “nest”) and over horizontally differenti-
ated varieties with a given quality. In that literature, is known as thevq

dissimilarity parameter; it measures the degree of heterogeneity in pref-
erences over the varieties in the set .9 The greater is, the smaller theJ vq q

correlation between and for j and in (see McFadden 1978),′
′� � j Jj j q

and therefore the greater the perceived differences among the various
varieties with quality q. It is typically the case that higher-quality products
embody richer sets of product characteristics, which expands the scope
for horizontal differentiation. If so, the varieties of a lower-quality good
will be closer substitutes for one another than the varieties of a higher-
quality good. We shall assume that this is the case in what follows; that
is, we adopt the following assumption.

Assumption 1. is increasing in q.vq

Variation in the spending pattern across income groups arises solely
from variation in the fraction of individuals who purchase the products
at different levels of quality q, as reflected by the functions . It followsr (y)q

that the market share of a good j with quality q varies across income
groups according to

1 dr (y) 1 dr (y)j q
p p q � q (y) for j � J , (5)a q

r(y) dy r (y) dyj q

9 Readers familiar with the trade literature will also recognize a similarity between the
distribution of preference shocks here and the distribution of productivity shocks in the
Ricardian model of Eaton and Kortum (2002). In their work, the productivity shocks are
assumed to have a type II extreme value distribution in which v parameterizes the dissim-
ilarity of productivity levels across goods.
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where

q (y) { qr (y)�a q
q�Q

is the average quality consumed by all individuals with income y. Equa-
tion (5) implies that the fraction of individuals who purchase variety j
of quality q rises with income if and only if , that is, if and onlyq 1 q (y)a

if q is above the average quality consumed by individuals in this income
group. In particular, in the case of two quality levels, , weQ p {H, L}
have for all y, so that the fraction of individuals who pur-H 1 q (y) 1 La

chase high-quality products rises with income at all income levels. This
is the key property of these nonhomothetic preferences that will guide
our analysis of the trade flows.

B. Pricing and Profits

Firms can enter freely into the differentiated-products sector by choos-
ing any quality level and by employing a fixed input of unitsq � Q fq

of effective labor to develop a particular variety. A producer uses unitscq

of labor per unit of output to produce a good of quality q. Firms set
prices to maximize profits taking aggregate price indexes as given. Entry
at each quality level proceeds until the next entrant would fail to cover
its fixed cost. Let be the number of firms that produce goods ofnq

quality q. The demand structure requires the number of varieties in
each quality class to be a finite integer, but we will take liberty in treating

as if it were a continuous variable to facilitate the exposition.nq

A firm that produces a variety j of the differentiated product with
quality q earns profits of , where isp p d (p � c ) � f d p N �[r(y)]j j j q q j j

the aggregate demand for variety and is the expectations op-j � J �q

erator with respect to the distribution of income, that is, �[B(y)] {
. Note that demand can be expressed as a function of pricesB(y)dG(y)∫

using (2), (3), and (4). If the number of active producers of each quality
level is large, then terms in the various sums in (3) and (4) vary only
slightly with a firm’s own price. We assume that the firm ignores this
dependence, as is common in models of monopolistic competition.
Then a firm producing any variety j with quality q maximizes profits by
setting the price

vq
p p c � for q � Q. (6)q q q

Evidently, the (absolute) markup over marginal cost differs for goods
of different qualities. The markup reflects two properties of the class
of goods. First, the higher q is, the greater the marginal utility from
consumption of the homogeneous good, because of the complemen-
tarity between z and q reflected in (1). A higher marginal utility from
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consumption of the homogeneous good makes consumers more sen-
sitive to price differences when choosing among the different brands
in . Second, the greater is, the greater the perceived differencesJ vq q

among the various brands with quality q, as we have noted before. This
greater degree of product differentiation tends to make demands less
sensitive to price changes. These two forces work in opposition as they
affect price setting; the markup on high-quality goods will be greater
than that on low-quality goods if and only if is increasing in q.v /qq

With common prices, the firms that produce different varieties of a
good in a given quality segment achieve similar volumes of sales. Let

be the total quantity demanded of a typical variety with quality q whendq

all goods are priced according to (6). Then

vqn f (y)N q q
d p � for q � Q , (7)q [ ]vqn � n f (y)q q qq�Q

where

(y�c )q�vq qf (y) { eq

captures the effect of income on demand. The markups of on salesv /qq

of yield a common profit to all producers of varieties with qualityd pq q

q, where

vqn f (y)v Nq q q
p { � � f for q � Q. (8)q q[ ]vqq n � n f (y)q q qq�Q

These functions determine the profitability of entry at each quality level.
In equilibrium, implies whereas when . Inn 1 0 p p 0 p ≤ 0 n p 0q q q q

the next section, we will use these free-entry conditions to characterize
an equilibrium in a closed economy. Once the number of firms pro-
ducing at a given quality level is known, sales of all varieties of the
differentiated product are also determined. Together, the firms selling
goods with quality q capture aggregate sales of , so that aggregaten dq q

output of all differentiated products is . This equality re-� n d p Nq qq�Q

flects the fact that each of the mass N of consumers buys one unit of
some product.

The differentiated-products industry employs a total of units of ef-
fective labor of . The difference between aggregate labor� n (d c � f )q q q qq�Q

supply—which equals N times the mean value of y—and labor use in
the differentiated-products industry gives the labor used in producing
homogeneous goods. The market for homogeneous products clears by
Walras’ law. Therefore, once we solve for the number of firms of each
type in the differentiated-products industry, the remaining variables de-
termined in the general equilibrium are readily found.
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III. Autarky Equilibrium

To characterize an equilibrium in a closed economy, we define as thexq

quantity that a firm producing a brand with quality q must sell in order
to break even when it prices according to (6), that is,

f qq
x p for q � Q. (9)q

vq

Notice that the break-even volume depends only on the magnitude of
the fixed cost and the size of the profit margin, as in Krugman (1980).
So, (9) will pin down the output per variety for any quality of good that
is available in equilibrium.

In an autarky equilibrium, if some positive number of firms produce
goods with quality q, the demand per brand must reach the break-even
level. Otherwise, no firm producing this quality can profitably enter. In
other words, if , , whereas implies . In anyn 1 0 d p x d ! x n p 0q q q q q q

case, the aggregate output of all differentiated products matches the
population size N, or

n x p N. (10)� q q
q�Q

We will refer to this equation as the aggregate demand condition. It im-
plies, of course, that must be positive for some .n q � Qq

But notice from (7) that as approaches zero with for some′n n 1 0q q

, the demand for a typical brand with quality q grows infinitely′q ( q
large. This means that a producer of a brand with quality q will certainly
be able to achieve the break-even scale when the number of its com-
petitors offering a similar quality is sufficiently small. In equilibrium,
some positive number of firms will be active in every segment of the
market.10

Now that we know that must be positive for all , marketn q � Qq

clearing for each brand requires orx p dq q

v �1qn f (y)q q
x p N � for q � Q. (11)q [ ]vq� n f (y)q qq�Q

With from (9), this system of equations allows us to solve for thexq

number of varieties at each quality level in an autarkic equilibrium.11

We turn now to the special case with two quality levels, H and L, where

10 In making this statement, we have ignored the integer constraint. The equilibrium
“solution” for some might be a fraction, in which case it might not be profitable fornq

the first “whole” firm to enter in a quality segment. Moreover, we have assumed that many
firms compete in order to justify our assumption that firms take price indexes as given.
We will not divert attention to these details but instead restrict ourselves to parameters
for which our focus on an equilibrium with for all is well justified.n 1 0 q � Qq

11 Note that the weighted sum of from (11) implies (10), which means that only thexq

equations in (11) need be used to solve for the equilibrium numbers of varieties.
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; we will return to the more general case with an arbitrary numberH 1 L
of qualities in Section VII below. With only two quality levels, (11) rep-
resents a pair of equations that together determine and . In then nH L

Appendix we show that these equations have a unique solution, which
is characterized by positive values for and . This establishes then nH L

following proposition.
Proposition 1. If , there exists a unique autarky equi-Q p {H, L}

librium. In the autarky equilibrium, and .n 1 0 n 1 0H L

In the remainder of this section, we describe how the autarky equi-
librium reflects the size of the economy and its income distribution.12

We also show how the model can be used to examine the welfare im-
plications of changes in the economic environment for different income
groups. These properties of the model will aid us in understanding the
direction and distributional implications of trade in the sections that
follow.

The size of the economy is captured by the parameter N. As N in-
creases, the demand in each quality segment grows, given the initial
numbers of firms; see (7). Were it the case that the two quality segments
offered similarly differentiated products ( ), the demand expan-v p vH L

sion would induce equiproportionate entry by both types of firms. In-
asmuch as high-quality products are more dissimilar than low-quality
products by assumption 1, there must be proportionately more entry
of firms that produce the former goods relative to the latter, that is,

.13 As in other contexts, growth in market size causes anˆˆ ˆn 1 N 1 nH L

expansion in variety of the more horizontally differentiated products.14

However, it is readily shown that even the number of low-quality varieties
must rise in response to market growth ( ).n̂ 1 0L

Now consider an upward shift in the income distribution in the sense
of first-order stochastic dominance; that is, at every income level y, the
fraction of the population with income less than or equal to y declines.
Added income makes consumers more likely to buy a high-quality prod-
uct across the entire income distribution. Thus, at the initial numbers
of firms, demand for high-quality varieties grows and that for low-quality
varieties shrinks. This shift in demand induces entry of firms that pro-
duce high-quality goods and exit of producers of low-quality products,
that is, .ˆ ˆn 1 0 1 nH L

Finally, consider an increase in income inequality, as represented by
a mean-preserving spread of the distribution . The effect on relativeG(7)
demand is in general ambiguous, as those at the top end of the distri-

12 The algebra of the comparative statics that we describe here is derived more formally
in the Appendix.

13 We use a circumflex to denote a proportional increase, i.e., .Ẑ p dZ/Z
14 See Hanson and Xiang (2004) and Epifani and Gancia (2006) for similar results in

a different context.
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bution collectively buy more of the high-quality goods whereas those at
the bottom end do just the opposite. However, if the initial equilibrium
is such that a majority of every income class purchases low-quality prod-
ucts, the relative demand for high-quality goods is a concave function
of y for given and . Then, a mean-preserving spread in the distri-n nH L

bution of y causes the relative demand for high-quality goods to expand,
inducing entry of producers of these varieties and exit of producers of
low-quality products. A spread in income distribution in a poor economy
(one in which for all y) induces a shift in the compositionr (y) 1 r (y)L H

of firms toward producers of high-quality products.15

We can readily examine the implications of these shifts for the welfare
of different income groups. As McFadden (1978) has shown, the ex-
pected welfare among those with income y increases with

v vH Lv(y) { n f (y) � n f (y). (12)H H L L

As market conditions change,

ˆ ˆ ˆv(y) p r (y)v n � r (y)v n .H H H L L L

In words, the change in average welfare at income y weights the changes
in the number of products in each quality class by the probability that
a consumer with income y purchases a good of that class times the
degree of horizontal differentiation (dissimilarity) within the class.

From the aggregate demand condition (10), , whereˆˆ ˆr n � r n p NH H L L

is the fraction of the overall population that pur-r p n d /N p n x /Nq q q q q

chases a good of quality q. Using this equation, we can write

r (y) r (y) r (y) r (y)L H H Lˆˆ ˆ ˆv(y) p v � v N � r r v � v (n � n ). (13)L H H L H L H L[ ] [ ]r r r rL H H L

The first term in the expression for is a pure scale effect. With thev̂(y)
relative number of high-quality and low-quality products held constant,
an expansion of scale benefits consumers at all income levels, because
it increases the number of varieties and therefore increases the likeli-
hood that an individual will find one to his liking. The second term is
a pure composition effect. For a given scale, an increase in the relative
number of high-quality products benefits those who are more likely than
average to consume such a product and harms those who are more
likely than average to consume a low-quality product. An increase in
the variety of high-quality products relative to the variety of low-quality
products is more likely to benefit a given income group the more dis-
similar the brands of high-quality products and the more similar the
brands of low-quality products.

Now let us examine the distributional implications of the market
changes we described above. An increase in population size generates

15 See the Appendix for the details.
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a scale effect that benefits all income groups and a composition effect
that especially benefits the wealthy (since growth in market size gen-
erates an increase in the relative number of high-quality varieties when

). The richest consumers in the economy, who have incomev 1 vH L

, are more likely to purchase the high-quality good than the averageymax

consumer and are less likely to purchase the low-quality good, which
implies that . By (13), these wealthy individ-r (y )/r 1 1 1 r (y )/rH max H L max L

uals must gain on average from population growth. The poorest con-
sumers—who are more likely than average to purchase the low-quality
good and less likely than average to consume the high-quality good—
will also benefit from the expansion in variety in both quality segments,
but their gain will be more modest.

An upward shift in the income distribution (or a spread of the dis-
tribution in a poor economy) generates a shift in the composition of
differentiated products toward high-quality goods, without changing the
output-weighted number of products. With , the associated com-v 1 vH L

position effect must benefit the members of the highest-income group
(on average). As for the poorest consumers, they too may benefit if
high-quality goods are substantially more dissimilar than low-quality
goods but will lose if and are quite close in size. Although the low-v vH L

income individuals are more likely to consume a low-quality product,
the contraction of variety in this market segment will not hurt them so
much if these goods are relatively similar to one another; meanwhile,
the expansion in the variety of high-quality products can be quite ad-
vantageous even to these consumers (on average) if the idiosyncratic
tastes for the various high-quality products are little correlated. If there
are income groups that lose from a change in the composition of prod-
ucts that favors high-quality goods, it will be all groups with income less
than or equal to some critical value.

IV. Trade with Diversified Production

In this section, we introduce international trade. We assume for the
time being that there are two countries that differ in size and in their
distributions of effective labor. We do not allow for any supply-side de-
terminants of the trade pattern—as would arise from comparative cost
advantages—in order to focus more sharply on those that derive from
differences in income in the face of nonhomothetic preferences. We
designate the countries as and to suggest “rich” and “poor,” al-R P
though we do not insist on any particular relationship between their
sizes or their income distributions except in some special cases. In Sec-
tion VII, we will extend the analysis to many countries in order to make
contact with the empirical evidence cited in the introduction.

We assume throughout that both (or all) countries have sufficient
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supplies of effective labor relative to the equilibrium labor demands by
their producers of differentiated products so that some labor in each
country is used to produce the homogeneous, numeraire good. This
ensures that the wage of a unit of effective labor is equal to one in both
(all) countries.

We assume that the differentiated products are costly to trade.16 In
particular, it takes units of effective labor to ship one unit of a varietytq

with quality q from one country to another.17 As grows large, nationaltq

outputs converge on those of the autarky equilibria. In such a setting,
as we now know, both countries produce goods in both quality segments.
We will find that such incomplete specialization characterizes the trade
equilibrium whenever trading costs are sufficiently high. These are the
circumstances that we consider now, whereas in the next section we will
study equilibria in which each quality level is produced in only one
country, as happens almost surely when shipping costs are small.18

Shipping requirements raise the cost of serving foreign consumers
relative to domestic consumers. For a good with quality q, the marginal
cost of a delivered export unit is , whereas local consumers canc � tq q

be supplied at a cost of . The arguments from Section II.B now implycq

that a firm producing a variety with quality q maximizes profits by charg-
ing foreign consumers the price , whereas domestic con-c � t � v /qq q q

sumers are charged the lower price (see [6]). In other words,c � v /qq q

profit margins are for all sales, as firms fully pass on their shippingv /qq

costs to their foreign customers.19

Demands for domestic goods of quality q in country k reflect the

16 Davis (1998) has shown that a home-market effect may not exist if differentiated
products and homogeneous goods bear similar trading costs. But Amiti (1998) and Hanson
and Xiang (2004) demonstrate that the home-market effect requires only that transport
costs differ across sectors.

17 Unlike models of monopolistic competition that rely on the CES demand system,
our model easily allows for transport costs that are incurred on a per-unit basis. Although
we consider this to be more realistic than the popular assumption of “iceberg” transport
costs, there is no meaningful difference between the two in our model. In either case,
firms price their exports at a fixed markup per unit over the delivered cost.

18 It is common in trade models featuring a home-market effect that production is
geographically dispersed when transport costs are large, but each good is produced in
only one location when transport costs are small; see, e.g., Krugman (1991a, 1991b) and
Rossi-Hansberg (2005). The implications for the trade pattern are somewhat different in
these two regimes—especially when the number of quality levels and countries is large—
which explains why we consider both possibilities.

19 If transportation costs instead took the iceberg form—such that the delivery of one
unit of a good of quality q to an export market required that units be shipped—g 1 1q

then the profit-maximizing price for export sales would instead be . The analysisc g � v /qq q q

would proceed exactly as in what follows. The ability of our model to accommodate both
per-unit and iceberg shipping costs reflects the fact that, under the nested-logit demand
system, the optimal gap between price and unit cost is constant and independent of the
delivered cost. In contrast, models with CES demands imply an absolute markup that is
proportional to the delivered cost, in which case per-unit and proportional shipping costs
have different effects on export prices.
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prices of these goods, the prices of competing import goods, and the
numbers of local and imported varieties at each quality level. Let kdq

represent the aggregate demand by domestic consumers for a typical
good of quality q produced in country k when all goods are priced
optimally. Then (4) implies

k vk q˜(n ) f (y)N q qk kd p � , q p H, L and k p R, P, (14)q k [ ]k vqñ ˜� (n ) f (y)q q qq�Q

where
k k l �t q/vq qñ p n � l n , l ( k, l { e ,q q q q q

is the number of varieties of quality q produced in country k, isk kn Nq

the population in country k, and is the expectation with respect tok�

the income distribution there. Notice the similarity between (14) and
(7). Now, domestic brands share the market with both domestic and
foreign rivals, but inasmuch as imports of a given quality bear a higher
price because of shipping costs, the foreign varieties are less effective
competitors. For local firms, domestic demand is the same as it would
be in autarky with local competitors producing quality q. The foreignkñq

firms are discounted in this measurement of “effective competitors” by
an amount that reflects the trading cost for goods of qualityl � (0, 1)q

q as well as the quality and dissimilarity of these products. Also, (4)
implies that per capita demand for an imported variety of quality q in
country k equals ; that is, it is a fraction of the per capitak kl d /N lq q q

demand faced by a local firm.
A firm producing a variety with quality q in either country earns profits

per sale of , considering the fixed absolute markup it charges overv /qq

delivered cost. In order to break even, such a firm, no matter where it
is located, must make sales totaling units, as per (9). In anx p f q/vq q q

equilibrium with producers of both qualities in both countries, we must
have

k lx p d � l d , k, l p R, P, l ( k, q p H, L.q q q q

The right-hand side of this equation represents total sales by a firm
located in country k, comprising domestic sales and exports sales, where
the latter are a fraction of what a local producer in country l makeslq

of domestic sales. For these equations to hold for both andk p P
, it must be that for , L; that is, firms in eachR Pk p R d p d q p Hq q

country must achieve the same volume of domestic sales. Since the size
and the income distributions in the two countries may differ, the equality
must be achieved by adjustment in the numbers of effective firms in
each market. In particular, the equality between the required volume
of total sales and the total demand faced by producers in market k
implies orkx p d (1 � l )q q q
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k v �1q˜(n ) f (y) 1 f qq q qk kN � p , q p H, L, k p R, P. (15)[ ]k vq 1 � l v˜� (n ) f (y) q qq qq�Q

The equations in (15) provide four independent relationships, two
for country that jointly determine and and two for countryR R˜ ˜R n nL H

that jointly determine and . These equations have exactly theP P˜ ˜P n nL H

same form as those in (11) that describe the autarky equilibrium, except
that for the closed economy is replaced by for the openx x /(1 � l )q q q

economy. The proof of proposition 1 guarantees that (15) has a unique
solution with a positive number of effective firms of each type in each
country.

It is not enough, of course, that the number of effective firms in each
country be positive for the solutions to (15) to represent a legitimate
trade equilibrium. We require in addition that the actual number of
varieties in each country be positive. Given the values of , , , andR R P˜ ˜ ˜n n nL H L

that result from the solution of (15), we can solve for andP k kñ n nH L H

using . This givesk k lñ p n � l nq q q q

k l˜ ˜n � l nq q qkn p , k, l p R, P, l ( k, q p H, L. (16)q 21 � (l )q

A positive solution for for all q and k requiresknq

k˜1 nq
1 1 l , k, l p R, P, l ( k, q p H, L,ql˜l nq q

which is always satisfied when is close to zero but rarely satisfied whenlq

is close to one.20 This justifies our claim that a trade equilibrium withlq

incomplete specialization always exists when transport costs are suffi-
ciently high but fails to exist (generically) when transport costs are low.

The trade equilibrium with incomplete specialization features intrain-
dustry trade at each quality level. Some consumers in opt for preferredR
varieties of the high-quality good produced in , despite their higherP
price that includes a charge for shipping. Similarly, some consumers in

choose to import a favorite foreign variety of the low-quality good.R
Consumers in will likewise import high-quality and low-quality goodsP
produced in .R

In fact, we know that the export sales by a typical producer of quality
q are the same in both locations. Therefore, country exports moreR
of goods of quality q to than it imports of that quality if and only ifP
country has more firms producing goods of quality q than countryR

does. But, from (16), if and only if . Therefore, weR P R P˜ ˜P n 1 n n 1 nq q q q

can identify the equilibrium trade balance in each quality segment by

20 When is close to one, the pair of inequalities can be satisfied only if , whichR P˜ ˜l n ≈ nq qq

happens only under exceptional circumstances. For example, and implyR P R PN p N G p Gy y

.R P˜ ˜n p nq q
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comparing the effective number of sellers of that quality in the two
countries.21

The pair of equations that determine and are identical to thoseR P˜ ˜n nq q

that determine the autarky numbers of producers of quality q in andR
, except that in the latter is replaced by in the former.P x x /(1 � l )q q q

Therefore, we can use the comparative statics of the autarky equilibrium
to identify the sectoral imbalances of the trade equilibrium with incom-
plete specialization. For example, suppose that the countries have the
same distributions of income ( ) but country is larger thanR PG p G R
country (i.e., ). We have seen that the larger country has inR PP N 1 N
autarky a greater relative abundance of firms that produce high-quality
goods, because market growth generates biased entry in favor of the
more horizontally differentiated products. It follows that the larger
country must have absolutely more producers of high-quality goods in
autarky, whereas it may support fewer (or more) producers of low-quality
products. These comparisons carry over to the numbers of effective
sellers in a trade equilibrium with incomplete specialization. That is,

, whereas the comparison of effective numbers of producers ofR P˜ ˜n 1 nH H

low-quality goods can run in either direction. In such circumstances,
the larger country is a net exporter of high-quality goods but may be a
net exporter or a net importer of low-quality products.

Now suppose that the two countries are identical in size ( )R PN p N
but the income distribution in the richer first-order stochasticallyR
dominates that in poorer . Then, in autarky, the rich country has moreP
firms producing high-quality goods and the poor country has more firms
producing low-quality goods. These comparisons carry over to the ef-
fective numbers of firms in the trade equilibrium with incomplete spe-
cialization, so that and . It follows that the rich countryR P P R˜ ˜ ˜ ˜n 1 n n 1 nH H L L

is a net exporter of high-quality goods and a net importer of low-R
quality goods.

Finally, suppose that a majority of consumers at every income level
in both countries purchase low-quality goods. Let the countries be of
similar size and with similar mean income, but suppose that the income
distribution in is more spread than that in . As we have seen before,R P

has more producers of high-quality goods and fewer producers ofR
low-quality goods than does in autarky. With costly trade, becomesP R

21 Net exports from to of goods of quality q are given byR P
lqP R R P R Pl d n � l d n p x (n � n )q q q q q q q q q1 � lq

l f qq q R P˜ ˜p (n � n ).q q21 � (l ) vq q
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a net exporter of high-quality goods and a net importer of low-quality
goods.

We summarize our findings about the pattern of trade in the following
proposition.

Proposition 2. If trade costs are sufficiently high, there exists a
unique trade equilibrium in which each country produces both high-
and low-quality differentiated products. In this equilibrium, (i) if

and for all y, then exports on net the high-R P R PN 1 N G (y) p G (y) R
quality goods but may export or import on net the low-quality goods;
(ii) if and for all y, then exports on net theR P R PN p N G (y) ! G (y) R
high-quality goods and imports on net the low-quality goods; (iii) if

, for all income groups in and , and isR P RN p N r (y) 1 r (y) R P G (7)L H

a mean-preserving spread of , then exports on net the high-PG (7) R
quality goods and imports on net the low-quality goods.

Proposition 2 can be understood in terms of the “home-market effect”
described by Krugman (1980). Take, for example, the case in which the
countries are of similar size but the income distribution in first-orderR
stochastically dominates that in . The greater income in comparedP R
to provides this country with a larger home market for high-qualityP
goods. If the same numbers of producers of high-quality goods were to
enter in both countries, those in would earn greater profits thanR
those in , thanks to their ability to serve more consumers with salesP
that do not bear shipping costs. In order that producers of high-quality
goods in both countries break even, there must be greater entry of such
producers in the rich country, so that their finer division of the market
offsets their local-market advantage. The same is true in the market for
low-quality goods, where producers in enjoy an advantage due to theirP
closer proximity to the larger market. Access to a large home market
affords a competitive advantage that induces entry and ultimately dic-
tates the pattern of trade.

We turn now to the effects of a reduction in trade costs, focusing
particularly on the distributional consequences. For concreteness, con-
sider first a decline in the cost of transporting high-quality goods.22 A
fall in induces an increase in . It is clear from (15) that such ant lH H

increase in generates the same outcomes as a reduction in the fixedlH

cost of entry for producers of high-quality products, . As falls, prof-f tH H

itability rises for firms that produce high-quality varieties. The number
of effective producers of such varieties rises in each country. This ex-
pansion in and reduces demand for low-quality goods in eachR P˜ ˜n nH H

country, and so there is effective exit from this market segment. In the
new trade equilibrium, there is a more effective variety of high-quality
goods in each country and a less effective variety of low-quality products.

22 The details of the algebra are provided in the Appendix.
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The effects of a reduction in the cost of transporting low-quality goods
are analogous.23

What are the welfare implications of these induced changes in the
effective numbers of varieties? In a world with costly trade, the average
welfare of those with income y in country k increases with

k k v k vH L˜ ˜ ( )v (y) p (n ) f (y) � (n ) f y for k p R, P.H H L L

Welfare of individuals in country k depends on the effective numbers
of varieties available there, with foreign brands carrying less weight than
domestic brands because of their higher prices. Differentiating the ex-
pression for and rearranging terms, we can derive an expressionkv (y)
for the change in average welfare of an income group analogous to
(13), namely

k kr (y) r (y)L Hk k k̂ ̂v̂ (y) p v � v [r (1 � l ) � r (1 � l )]L H H H L Lk k[ ]r rL H (17)

k kr (y) r (y)H Lk k k kˆ ˆ� r r v � v (ñ � ñ ) for k p R, P,H L H L H Lk k[ ]r rH L

where is the fraction of consumers in country k with income y whokr (y)q

buy a good with quality q and is the fraction of all consumers inkrq

country k who buy a good with quality q. The term in the first line of
(17) is a pure cost-savings effect, analogous to the scale effect in (13).
The term in the second line of (17) is a pure composition effect, analogous
to the similarly named term in (13). The cost-savings effect benefits
consumers at all levels of income; it reflects the fact that, for given
relative numbers of effective brands of each quality, a fall in the cost of
trade facilitates entry of new producers, which expands the range of
available varieties and so the probability that a consumer will find one
especially to his liking. The composition effect affects different income
classes differently. An expansion in the effective variety of high-quality
goods relative to the effective variety of low-quality goods benefits those
who are more likely to consume a high-quality product but harms those
who are more likely to consume a low-quality product; and, of course,
the likelihood of consuming a high-quality good rises with income.

Let us return to the effects of a reduction in trade costs. Consider
first a decline in the cost of transporting high-quality goods. As we have
seen, such a decline in expands the effective number of high-qualitytH

23 It is also evident from (15) that an equiproportionate rise in and has1 � l 1 � lH L

the same impact on the effective number of high- and low-quality products in country k
as a similar percentage increase in that country’s population would. From our analysis of
the autarky equilibrium, we know that the effective number of high-quality products ex-
pands more than in proportion to the increase in and , whereas the effective1 � l 1 � lH L

number of low-quality products rises less than proportionately.
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varieties in each country while contracting the effective number of low-
quality varieties. The cost-savings effect benefits all consumers. Since

, the composition effect must benefit the average member of thev 1 vH L

highest-income group in each economy, but it may harm the average
member of the lowest-income group. It follows that a fall in augmentstH

the average welfare of the wealthiest consumers in each country but
may bring harm to income groups below some critical level.24

Our analysis also sheds lights on the distribution of the gains from
trade. The autarky equilibrium for either country is the solution to (15)
with . The effects of trade can be found by integrating thel p l p 0H L

increases in and from zero to their actual levels. This generatesl lH L

a cost-savings effect that benefits all consumers. It also generates a com-
position effect that may benefit some income groups at the expense of
others. If the effective number of brands at both quality levels rises as
a result of trade, then all consumers must gain. If the effective number
of brands of some quality level declines, then income groups that buy
this good with a probability that exceeds the economywide average may
lose. Although trade may not benefit every income group, it always
benefits some such groups.25

We summarize our discussion of the distributional consequences of
a reduction in trade costs in the following proposition.

Proposition 3. In a trade equilibrium with incomplete specializa-
tion, a decline in the trade cost raises the effective number of brandstq

of quality q and reduces the effective number of brands of quality ,′q
, in both countries. Any reduction in trade costs must benefit the′q ( q

average member of some income group. If, as a result of a reduction
in trade costs, the effective number of high-quality (low-quality) varieties
falls in some country, then the highest-income (lowest-income) groups
in that country may lose.

In our working paper (Fajgelbaum, Grossman, and Helpman 2009),
we present two numerical examples to illustrate the alternative possible
welfare outcomes. For one set of parameter values, the average member
of every income group in country gains from a fall in the cost ofR
shipping high-quality goods. An alternative set of parameter values il-

24 There must be some income groups that gain from a reduction in . To see this,tH

suppose that the opposite were true. Then, the left-hand side of (15) increases for q p
inasmuch as the numerator increases at every y (because falls) and the denominatork˜L nL

falls at every y (because average welfare has been assumed to fall). But the right-hand side
of (15) is unchanged, which contradicts the requirement for equilibrium in the market
for low-quality goods.

Other reductions in trade costs can be analyzed similarly. For example, declines in tH

and that increase and by the same proportions must benefit all incomet 1 � l 1 � lL H L

groups because such a fall in transport costs results in larger numbers of both low-quality
and high-quality products.

25 The proof of this statement follows along lines similar to that used in n. 24.
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Fig. 1.—Patterns of specialization

lustrates the possibility of distributional conflict from falling trade costs.
In this case, the high-quality products are less dissimilar than in the first
example (smaller ) and the low-quality products are more dissimilarvH

(larger ), so that the composition effect is more damaging to the poor.vL

Here, the average member of the median-income group in country
gains from a reduction in the cost of trading high-quality goods, butR

the lowest-income group in loses.R
Figure 1 illustrates the patterns of specialization for different values

of and for a particular set of parameter values.26 In this case, thel lH L

countries are similar in size but consumers in are richer than theirR
counterparts in . When both trading costs are reasonably large, so thatP

and are small, both countries are incompletely specialized, muchl lH L

as they are in autarky. A sufficient reduction in the cost of trading the

26 In this figure , , , , , ,R PN p N p 1,000 H p 1.05 L p 0.9 v p 0.7 v p 0.5 f p 5H L H

, , and . The distributions of income are such that has af p 1.5 c p 0.3 c p 0.05 y � 1L H L

gamma distribution in each country, with a coefficient of variation equal to one in each
case. We take the scale parameter in to be 6 and that in to be 2, so that mean incomesR P
are 7 and 3, respectively.
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high-quality goods, with held fixed at a reasonably low level, generateslL

an equilibrium in which the poor country produces only low-qualityP
goods whereas the rich country produces both high- and low-qualityR
goods. Similarly, a sufficient reduction in the cost of trading low-quality
goods, with held at a reasonably low level, results in an equilibriumlH

in which produces only high-quality goods and produces goods inR P
both quality classes. If the cost of transporting both goods is sufficiently
small, each class of goods is produced in a single location. We study
this latter type of equilibrium in greater depth in the next section.

V. Trade with Specialization

In a trade equilibrium, high transport costs allow firms in each country
to enter profitably in both quality segments of the market for differ-
entiated products. Even if there are relatively many foreign producers
of a given quality level, local firms can enter to sell to local customers
thanks to the protection afforded by the high shipping costs. As we have
seen, when and are sufficiently close to zero, the trade equilibriuml lH L

is characterized by incomplete specialization in both countries.
As transport costs fall, it becomes more difficult for firms in a smaller

market to overcome the disadvantage of their lesser local demand. Even-
tually, as rises toward one, the number of producers of quality q inlq

some country must fall to zero, as is implied by equation (16). For still
smaller transport costs, all of the varieties with quality q are produced
in a single country. In this section, we study trade equilibria with spe-
cialization of this sort. We are particularly interested in the limiting
equilibrium, as transport costs approach zero. We will see that this equi-
librium is unique and has a readily understood pattern of trade. Before
we begin this analysis, however, it will prove useful to have a brief dis-
cussion of the integrated equilibrium, when transport costs for both
quality levels are literally zero.

A. The Integrated Equilibrium

Suppose that so that . With no supply-sidet p t p 0 l p l p 1H L H L

sources of comparative advantage, there is nothing in our model to pin
down the location of production. Factor-price equalization and zero
transport costs mean that the different goods can be produced in various
combinations in the two countries, without consequence for any aggre-
gate variables or anyone’s welfare level. Although we cannot say anything
about the pattern of trade, we can nonetheless characterize the inte-
grated equilibrium in terms of the total numbers of brands of each
quality that are produced and the average welfare of the different in-
come groups.
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In the absence of trade costs, the effective number of varieties with
quality q is the same in both countries, that is, forR P R P˜ ˜n p n p n � nq q q q

, L. We can solve for these aggregate numbers of varieties usingq p H
the autarky equilibrium conditions for an economy with population

and an income distribution that is the composite of the sep-R PN � N
arate distributions in the two countries. This gives and , the ag-¯ ¯n nH L

gregate numbers of high- and low-quality products, respectively, that are
produced in the integrated global economy. Armed with these variables,
we can calculate aggregate demand in country k for a typical variety
with quality q, which we denote by . That is,kd̄q

vk q¯(n ) f (y)N q qk kd̄ p � . (18)q [ ]vqn̄ ¯� (n ) f (y)q q qq�Q

The impact of trade with zero transport costs on the welfare of an
income group y in country k reflects a scale effect and a composition
effect, as before. The scale effect—which arises because the integrated
economy has a larger population than either separate economy—works
to the benefit of all income groups in both countries. The composition
effect benefits the high-income groups in country k if the relative num-
ber of high-quality varieties in the integrated equilibrium exceeds the
relative number of high-quality varieties in the country’s autarky equi-
librium. Otherwise, the composition effect benefits the low-income
groups in country k. The effect of an opening of trade on the relative
numbers of varieties of the different quality levels reflects both the
biased nature of growth due to and the demand effects of av 1 vH L

change in income distribution from one with the properties of the local
economy to one with the properties of the global economy.

B. Trade Equilibrium with Small (but Positive) Trade Costs

Now we are ready to characterize the trade equilibrium when transport
costs are positive but small. If a firm producing quality q in country k
is to break even, it must attain total worldwide sales of . Eachx p f q/vq q q

firm’s sales comprise its home sales— for a firm in country k—andkdq

its export sales, which are a fraction of the domestic sales of a foreignlq

firm. For firms producing quality q to achieve the break-even volume
of sales in both countries given the required relationship between the
home sales of one and the export sales of the other requires that do-
mestic sales be common to the two countries, that is, , as weR Pd p dq q

have noted before.
But note that the aggregate demand in country k for a typical variety

with quality q approaches as transport costs go to zero. The aggregatekd̄q

demands of the integrated equilibrium are given by (18) and are
uniquely determined by parameters of the world economy. Only excep-
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tionally will it happen that for or . In other words,R P¯ ¯d p d q p H q p Lq q

only exceptionally will it happen that firms in both countries producing
a given quality can break even when transport costs are sufficiently small.
Otherwise, goods of a particular quality are produced in a single country,
whereas a potential entrant at that quality level in the other country
finds insufficient demand (at its optimal price) to cover its fixed costs.27

Which country produces each class of goods when trade costs are
small? To answer this question, we look at national demands for products
of a given quality in the integrated equilibrium. Suppose, for example,
that for products of quality q; that is, the typical producer of aR P¯ ¯d 1 dq q

good with quality q makes greater sales in country than in countryR
. With positive trade costs and optimal pricing, each firm’s exports areP

a fraction of sales by a local producer in the destination market. It follows
that when transport costs are sufficiently small, profits per firm for a
producer of a brand with quality q in country must exceed those forR
a producer of that quality in country .28 More generally, all productionP
of goods with quality q takes place in the country with the larger domestic
market for goods of that quality in the integrated equilibrium. We sum-
marize in proposition 4.

Proposition 4. Suppose for , k, , , andk l¯ ¯d 1 d q � {H, L} l p R Pq q

. Then, for and sufficiently close to zero, all goods of qualityl ( k t tH L

q are produced in country k.
Let us apply proposition 4 to some special cases that we have consid-

ered previously. Suppose, for example, that and ; thatR P R PG p G N 1 N
is, the countries share the same income distribution but differ in size.
Then, by (18), and , so the larger country produces andR P R P¯ ¯ ¯ ¯d 1 d d 1 dH H L L

exports all varieties of both the high-quality and low-quality differenti-
ated products. Now suppose instead that whereas first-R P RN p N G (7)
order stochastically dominates . Then and , so theR R P R P¯ ¯ ¯ ¯G (7) d 1 d d ! dH H L L

richer country produces all the high-quality goods and the poorer coun-

27 In the literature on the new economic geography, it is common to have diversification
for high transport costs but specialization for low transport costs. In these models, if the
locations have no inherent productivity or cost advantages, the equilibrium with zero
transport costs is indeterminate; see, e.g., Rossi-Hansberg (2005). More generally, Krugman
(1991a, 1991b) was the first to point out an inverted-U-shaped relationship between spe-
cialization and transport costs when the various locations have inherent advantages. See
Aiginger and Rossi-Hansberg (2006) for a fuller discussion of this issue.

28 That is, for close to one,lq

vqR R P¯ ¯p ≈ (d � l d ) � fq q q q qq

and

vqP R P¯ ¯p ≈ (l d � d ) � f ,q q q q qq

so implies , where is the net profit of a typical producer of quality q inR P R P k¯ ¯d 1 d p 1 p pq q q q q

country k.
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try produces all the low-quality goods. We record these results in cor-
ollary 1.

Corollary 1. Suppose that transport costs are small. (i) If
for all y and , then and onlyR P R P P PG (y) p G (y) N 1 N n p n p 0 RH L

produces and exports goods of quality H and L. (ii) If andR PN p N
for all y, then , only produces and exportsR P P RG (y) ! G (y) n p n p 0 RH L

goods of quality H, and only produces and exports goods of qualityP
L.

We can also readily examine the effects of a fall in trading costs in
an equilibrium with specialization by quality level. Suppose, for example,
that only produces high-quality goods whereas only produces low-R P
quality goods, as when the countries are of similar size and the income
distribution in first-order stochastically dominates that in . SinceR P
every consumer buys one unit of the differentiated product of some
quality level or another,

R Pn x � n x p N � N , (19)L L H H

where is the equilibrium number of varieties of quality q, all producednq

in for and all produced in for , and is the break-R q p H P q p L xq

even quantity of sales per firm for producers of goods with quality q as
before. This linear relationship implies that a change in trade costs that
induces entry at one quality level in the country where that quality is
produced also forces exit of producers of the other quality level in the
other country.

Next we can use (14) to calculate per capita domestic sales for each
type of firm, recognizing that , , , andR R P˜ ˜ ˜n p n n p l n n p l nH H L L L H H H

. Also, export sales per firm are for a typicalP P Pñ p n (N � n d )/nL L L L H

producer of a high-quality good in and for a typicalR RR (N � n d )/nH H L

producer of a low-quality good in . The fact that total sales by eachP
type of firm must attain the break-even level gives us two more equations
for and , one of which is redundant given (19).29n nH L

Suppose now that the cost of transporting high-quality goods falls.
This shifts demand toward the (imported) high-quality products in ,P
without affecting demands in (at the initial numbers of producers).R
The shift in the composition of demand induces additional entry by
producers of high-quality goods in , whereas some producers of low-R
quality goods in are forced to exit the market. Then, in both countries,P
the effective number of high-quality varieties rises whereas the effective
number of low-quality varieties falls. From (17), we see that the wealthiest
consumers in both countries must gain whereas the poorest consumers
in both countries may gain or lose. The consequences of a reduction
in the cost of shipping low-quality goods are analogous: the variety of

29 Details of these equations and their comparative statics can be found in the Appendix.
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low-quality goods expands and that of high-quality goods contracts in
each country, to the benefit of poor consumers and the possible det-
riment of those who are well off.

VI. Commercial Policy

We turn to the impact of commercial policy. With fixed markups over
delivered costs, tariffs do not alter the terms of trade. All welfare effects
of tariffs emanate from the induced entry and exit of firms producing
at different quality levels and from the shifts in the distribution of in-
come that result from the disposition of tariff revenue.

The novel effects of tariffs in our model are well illustrated in a simple
setting in which transportation costs are positive but close to zero and
each quality class is produced in only one country. We assume that R
produces all varieties of high-quality products whereas produces allP
varieties of low-quality products and examine a specific tariff of t per
unit that is introduced in country .30 In this setting with nonhomo-R
thetic demands, the manner of redistribution of government revenues
influences the effects of tariffs on aggregate demand. For concreteness,
we assume that tariffs are redistributed to consumers on an equal per
capita basis. Each consumer receives additional income of r p

, where is the aggregate demand for a typical (imported)R R Rtn d /N dL L L

low-quality product in country .R
A tariff raises the relative price of low-quality goods in country .R

Considering both the price hike and the redistributed proceeds, (4)
implies that the aggregate demand for a typical low-quality product there
becomes

R v (r�t)LLN (n ) f (y)eL LR Rd p � .L v (r�t)L v rH[ ]L Hn (n ) f (y)e � (n ) f (y)eL L L H H

The per capita demand for a typical high-quality product in isR
R v rHHN (n ) f (y)eH HR Rd p � .H v (r�t)L v rH[ ]L Hn (n ) f (y)e � (n ) f (y)eH L L H H

Note that whereas , soR R R Rr p tn d /N p tr 1 0 r � t p �t(1 � r ) ! 0L L L L

the tariff-cum-redistribution shifts demand in from low-quality goodsR
to high-quality goods, for given numbers of each type of product. Con-
sequently, the tariff induces entry of firms producing high-quality goods
in and exit by firms producing low-quality goods in .R P

How does the tariff affect the welfare of different income groups in
country ? The average welfare of individuals with income y in countryR

30 In this setting with specialization, a tariff on all imports in country is indistin-R
guishable from a tariff on imports of low-quality goods.
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can be written analogously to (12) asR
R v rH v (r�t)LH Lv (y) p n f (y)e � n f (y)e .H H L L

Differentiating the expression for at and using (19) and theRv (y) t p 0
market-clearing condition, , we can express the im-R R P Pn x p r N � r Nq q q q

pact of a small tariff on the average welfare of those with income y in
country asR

R Rr (y) r (y)H LRˆ ˆ ˆv (y)F p r̄ r̄ v � v (n � n )tp0 H L H L H L[ ]r̄ r̄H L (20)

R Rr (y) r (y)H LR R� r r H � L dt,H L R R[ ]r rH L

where is the fraction of consumers worldwide whoR Pr̄ p n x /(N � N )q q q

buy a differentiated product with quality q. The right-hand side of (20)
combines two terms, a composition effect and a redistribution effect. The
composition effect should be familiar. It reflects the rise in the number
of high-quality varieties and the fall in the number of low-quality varieties
induced by the tariff. The richest income group in buys a greaterR
fraction of high-quality goods and a smaller fraction of low-quality goods
than the average consumer in the world economy, that is, Rr (y ) 1H max

and . Therefore, since , the composition effectRr̄ r (y ) ! r̄ v 1 vH L max L H L

certainly benefits the richest income group in country . However, theR
poorest income group in that country may well lose from the change
in the composition of differentiated products.

The redistribution effect reflects the transfers of income implied by
the lump-sum redistribution of tariff revenues. The tariff transfers in-
come from those who choose to purchase an imported, low-quality prod-
uct to those who choose to purchase a domestic, high-quality product.
The rich are more likely to buy a high-quality product than the poor,
so they are most likely to benefit from these transfers. Indeed, for the
richest income group, and and the membersR R R Rr (y ) 1 r r (y ) ! rH max H L max L

of this group must gain on average from the redistribution effect as
well. But notice that the redistribution effect might also benefit the poor
since . The reason is that the tariff transfers income from thoseH 1 L
in any income class who happen to prefer one of the low-quality varieties
to those in that same class who happen to prefer one of the high-quality
varieties. The latter group has a higher marginal utility of income due
to the complementarity in preferences between quality of the differ-
entiated good and quantity of the numeraire good. If the quality dif-
ference between differentiated products is large, it may be that

, in which case the redistribution effectsR R R R[r (y )/r ]H 1 [r (y )/r ]LH min H L min L

of a small tariff serve to benefit even the poorest income group in .R
Indeed, the combined composition and redistribution effect can be
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positive for those with income , in which case a tariff would raiseymin

the average welfare of every income group in , despite the absenceR
of any terms-of-trade improvement.31

VII. Trade with Many Quality Levels and Many Countries

In this section, we extend our analysis of the trade pattern to the general
case with many quality levels and many countries. In so doing, we are
able to make contact with the empirical evidence on vertical speciali-
zation cited in the introduction, much of which bears on a country’s
relative exports to different markets or its relative imports from different
suppliers. To address such issues, we need to examine a setting with
more than two countries.

We now assume that there is an arbitrary set Q of quality levels indexed
by q and K countries indexed by k. We suppose that all countries are
of equal size and normalize their populations so that forkN p 1 k p

. By neglecting variation in country size, we can focus on1, 2, … , K
differences in the level and distribution of income without invoking a
taxonomy of cases. Our key assumption in this section is that countries
can be ordered unambiguously from poorest to richest. In particular,
we will assume that the income distributions in any pair of countries k
and satisfy the monotone likelihood ratio property (MLRP), as in the′k
following assumption.

Assumption 2. If , then′k 1 k
′k ′ k ′g (y ) g (y )

1′k kg (y) g (y)

for all .′y 1 y ≥ ymin

In assumption 2, is the probability density functionk kg (y) { dG (y)/dy
for income in country k. In words, assumption 2 says that in a com-
parison of any two countries and any two income levels, the richer
country (with the higher country index) has relatively more consumers
at the higher level of income. This is a somewhat stronger assumption
on the ordering of income distributions than that of first-order stochastic
dominance—which we used in the preceding sections—but we shall
need it for the statements that follow.

The trading environment is a straightforward extension of the closed-
economy model described in Sections II and III. All countries share the
same technologies and the same distributions of consumer preferences
over varieties. All exports of goods of quality q incur a per-unit shipping
cost of , regardless of source or destination. These shipping costs givetq

31 A small tariff raises the average welfare of all income groups, e.g., when the parameters
take the values that were used to generate fig. 1 in Fajgelbaum et al. (2009).
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rise to a parameter such that the effective variety of goods�qt /vq ql p eq

of quality q in country k is given by
k k lñ p n � l n , q � Q , k, l p 1, … , K. (21)�q q q q

l,l(k

In country k, the aggregate demand for a local variety with quality q is
k vq˜(n ) f (y)1 q qk kd p � , q � Q , k p 1, … , K, (22)q k [ ]k vqñ ˜� (n ) f (y)q q qq�Q

whereas purchases of a typical imported variety with this quality are
. We denote the right-hand side of (22) by , where is thek k k k˜ ˜l d G (n ) nq q q

vector of effective varieties available in country k with typical element
. An important property of these aggregate demands is captured inkñq

the following lemma.32

Lemma 1. Under assumption 2, the function is log supermod-k ˜G (n)q

ular in (q, k), so that
′k k′ ′˜ ˜G (n) G (n)q q ′ ′1 for all k 1 k and q 1 q.′k k˜ ˜G (n) G (n)q q

The lemma says that if the same effective variety is available in two
countries, the relative demand for the higher-quality goods will be
greater in the richer country.33 This property of the demand system puts
a great deal of structure on the home-market effects, which in turn
guide the trade patterns in a world economy satisfying the MLRP in
incomes.

As before, we consider in turn the two extreme possibilities concern-
ing the size of transport costs. First, we assume that trading costs are
sufficiently large that all quality levels are produced in every country.
Then we assume that trading costs are sufficiently small that every quality
level is produced in only one country. In each of these cases, we are
able to derive strong predictions about the bilateral trade flows that
mirror patterns found in the data.

A. Large Transport Costs

We know, as before, that all qualities are produced in every country in
the autarky equilibrium. Such a pattern of diversified production also
obtains in a trade equilibrium when transport costs are sufficiently high.
We examine now an equilibrium in which every country produces some
varieties in all quality segments.

32 The proof, which relies on lemma 2 in Athey (2002) that is originally due to Ahlswede
and Daykin (1978), is given in the Appendix.

33 Note that this statement does not rely on the countries being of equal size. That is,
we could instead define as the right-hand side of (22) multiplied by , and thek k˜G (n) Nq

inequality cited in the lemma would still apply.
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If production of quality q takes place in country k, then total sales by
firms in this country must match the break-even quantity, .x p f q/vq q q

This implies, as in the case with two countries, that all firms producing
quality q make the same local sales and the same export sales (in total
and in each individual market), no matter where in the world they are
located.34 In the bilateral trade between country k and country , the′k
latter will be a net exporter of varieties of quality q if and only if there
are more varieties with this quality produced in than in k, that is, if′k
and only if . But it is straightforward to show, as we did for the

′k kn 1 nq q

case of two countries, that if and only if .35 To find the
′ ′k k k k˜ ˜n 1 n n 1 nq q q q

pattern of bilateral trade between any pair of countries for any quality
level, we need only find which country has access to a larger effective
number of varieties in the trade equilibrium.

In the Appendix we establish the following lemma concerning the
relative effective variety of two different quality levels available in any
pair of countries.

Lemma 2. Suppose that some varieties of q and are produced in′q
countries k and . Then, under assumptions 1 and 2,′k

′k k˜ ˜′ ′n nq q ′ ′1 for k 1 k and q 1 q.′k k˜ ˜n nq q

The lemma says that a relatively greater effective number of varieties
of a higher-quality good are consumed in a richer country than in a
poorer country. Intuitively, if the effective variety were the same in the
two countries, then by lemma 1, the richer country would have the
relatively larger domestic market for the higher-quality product. This
would mean that producers of the higher-quality good could make rel-
atively greater profits in the richer country than in the poorer country
thanks to their savings on transport costs. But this implies that there
would be incentives for entry of suppliers of the higher-quality good in
the richer country or incentives for entry of suppliers of the lower-quality
good in the poorer country. Of course, in equilibrium, all firms must
make zero profits in all market segments and locations. Under assump-

34 The break-even conditions require
k ld � l d p x for q � Q and k, l p 1, … , K.�q q q q

l,l(k

This implies

xqkd p for all q � Q and all k p 1, … , K.q 1 � l (K � 1)q

A producer of some variety of quality q in country k exports units of this goodl kl d p l dq q q q

to every foreign market.
35 From the definition of effective variety in k and given in (21), subtraction yields′k

1′ ′k k k k ′˜ ˜n � n p (n � n ) for all k and k and for all q � Q.q q q q1 � lq



income distribution 753

tion 1, which ensures that higher-quality goods also are more dissimilar,
the relative incentives for entry at are mirrored in the relative

′k k˜ ˜n p n
effective numbers of varieties in the trade equilibrium.

Now we can describe the bilateral trade pattern between k and .′k
Suppose that country has positive net exports of goods with quality′k
q in its trade with country k. This requires, as we have seen, that there
be more effective varieties of q consumed in than in k, that is,

′′ k˜k n 1q

. But then lemma 2 implies that the richer country also consumes akñq

more effective variety of quality for than the poorer country,′ ′q q 1 q
which in turn implies that the richer country also has positive net exports
of quality in its trade with the poorer country. More formally, we have′q
the following proposition.

Proposition 5. Suppose that all countries are of equal size and all
quality levels are produced in all countries. Then, under assumptions
1 and 2, for every pair of countries k and , , there exists a quality′ ′k k 1 k
level such that country exports on net to country k all goods′ ′q*(k, k ) k
with quality greater than or equal to and imports on net all′q*(k, k )
goods with quality less than .′q*(k, k )

Proposition 5 generalizes part ii of proposition 2 to the case of many
countries and many quality levels. It provides sufficient conditions under
which a richer country has positive net exports of all the highest-quality
goods and positive net imports of all the lowest-quality goods in its
bilateral trade with a poorer country.

Proposition 5 implies that the average quality of a country’s exports
is increasing in k, in keeping with the findings by Schott (2004) and
Hummels and Klenow (2005). In fact, the proposition offers a stronger
prediction: it suggests that in all bilateral trades, the basket of goods
that a richer country exports to a poorer country should be of higher
average quality than the basket of goods that flow in the opposite
direction.

B. Small Transport Costs

We now consider the opposite extreme case in which transport costs
are quite small. As we know, if two countries both produce varieties in
the same quality segment, then firms in each country must make the
same domestic sales.36 But, in the limit as the vector of transport costs
becomes vanishingly small, the domestic sales of each firm approach
those of the integrated equilibrium. Only exceptionally will the aggre-
gate demands for a given quality level coincide in two countries in the
integrated equilibrium. It follows that, generically, varieties of a given
quality level are produced in only one country in a trade equilibrium

36 The argument is the same as in n. 34
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with small transport costs. Moreover, even if we allow for exceptional
income distributions, any two countries can produce at most one quality
level in common.37

Which quality levels are produced in which countries? The answer is
provided in the following proposition, the proof of which appears in
the Appendix.

Proposition 6. Suppose that all countries are of equal size and each
quality level is produced in only one country. Then, under assumption
2, if country k produces quality q and country produces quality′k 1 k

, then .′ ′q q 1 q
The proposition does not rule out the possibility that some countries

produce more than one quality level or that others produce none at
all. In particular, if there are more countries than quality levels, there
will be some countries that specialize in producing the homogeneous
good and that produce none of the differentiated products. But the
proposition does indicate that the higher the quality level of a product,
the richer the country that produces it. The result follows from the
home-market effect, which, as in the case with two countries, becomes
overwhelmingly strong as transport costs go to zero. Production of a
good is concentrated in the country that has the largest home market,
and richer countries have larger markets than poorer countries for
higher-quality goods.

Proposition 6 has strong implications for the trade flows. First, the
pattern of specialization implies immediately that every country imports
higher-quality goods from richer countries. This is consistent with the
findings by Schott (2004), Khandelwal (2010), and Hallak and Schott
(2011) of a positive correlation between the quality of goods imported
by the United States and the per capita GDP of the exporting country.
Second, richer countries import relatively more from countries that
produce goods of higher quality. This result, which is in keeping with
the empirical evidence provided by Hallak (2006), follows from the fact
that, when transport costs are small, the relative demand for a higher-
quality good must be greater in a richer country, as indicated in lemma
1. Third, suppose that a country exports goods in two quality segments,
q and , with . This country will export relatively more of the′ ′q q 1 q
higher-quality goods to the richer market. This too follows from lemma
1, which implies that, when transport costs are small, the relative demand
for the higher-quality good must be greater in the richer country. More
formally, we have established proposition 7.

37 Suppose, to the contrary, that countries k and both produce varieties of quality q′k
and . Then and . In the limit, as all transport costs vanish ( for′ ′′ k k k k

′ ′q d p d d p d l r 1q q q q q

all q), this implies and , where is the vector of total varieties′ ′k k k k
′ ′¯ ¯ ¯ ¯ ¯G (n) p G (n) G (n) p G (n) nq q q q

in the integrated equilibrium. But this pair of equalities contradicts lemma 1, so the two
countries cannot in fact share in production of these two quality levels.
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Proposition 7. Suppose that and that transport costs are van-′k 1 k
ishingly small. Under assumption 2, if countries k and import goods′k
of quality q and with , then imports relatively more of quality′ ′ ′q q 1 q k

.′q
Notice that this proposition does not require that countries k and
be of equal size, for the reason stated in footnote 33; that is, the′k

ordering of relative aggregate demands for alternative quality levels in
two markets is independent of the sizes of those markets. Proposition
7 yields the following immediate corollary concerning a country’s ex-
ports to multiple markets.

Corollary 2. Suppose that transport costs are vanishingly small. If
country k produces varieties in two quality segments, it exports relatively
more of the higher-quality goods to a relatively richer market.

Finally, consider a country that exports varieties of a given quality to
two different markets. If we control for the sizes of the importing coun-
tries, the exporter’s sales are greater in the country whose income rank-
ing is more similar to its own.38 This prediction is in the spirit of the
Linder hypothesis and the empirical evidence provided by Hallak
(2010).

VIII. Concluding Remarks

We have developed a tractable model of trade in vertically and hori-
zontally differentiated products. The model features discrete quality
choices by consumers who differ in income levels and nonhomothetic
aggregate demands for goods of different qualities. The nonhomothe-
ticity in demand reflects a complementarity in individual preferences
between the quality of the differentiated product and the quantity of a
homogeneous good. Consumers have idiosyncratic components in their
evaluations of the available varieties of the differentiated product. The
distribution of taste parameters in the population generates a nested-
logit system of product demands.

We have embedded such consumers in a simple, supply-side environ-
ment. Goods are produced from labor alone, with constant returns to
scale in the homogeneous-good industry and fixed and constant-variable
costs for the varieties of the differentiated products. The number of

38 Suppose that and consider the exports of k of some quality q to and′′ ′ ′k 1 k 1 k k
when transport costs are small. By lemma 1,′′k

′ ′′k kd dq q
1 ,′ ′′k k

′ ′d dq q

where is the quality of some varieties produced and exported only by country .′ ′q 1 q k
Since is produced in but not in , . Therefore, ; i.e., the market for′ ′′ ′ ′′′ ′ ′′ k k k k

′ ′q k k d 1 d d 1 dq q q q

goods of quality q must be larger in than in . The same argument applies when′ ′′k k k 1

once we note that in this case.′ ′′ ′k 1 k q 1 q
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varieties at each quality level is determined by free entry in a monop-
olistically competitive, general equilibrium. Transport costs impede
trade between countries that differ in size and in their income distri-
butions but are otherwise similar. In this setting, a large home market
for goods of a given quality confers a competitive advantage to firms
located there, which renders them as net exporters in the trade equi-
librium.

Our model yields predictions about the pattern of trade that are
consistent with the empirical evidence. For example, we find that,
among countries of similar size, the richer countries export goods of
higher average quality. This is in keeping with the empirical findings
by Schott (2004) and Hummels and Klenow (2005). When trading costs
are small, a country imports higher-quality goods from richer trading
partners, as Schott (2004), Khandelwal (2010), and Hallak and Schott
(2011) have found to be true in the U.S. bilateral trade data. When a
country exports varieties of a given quality to two different markets of
similar size, it exports a greater volume to the country whose income
ranking is more similar to its own.

Our framework lends itself readily to welfare analysis. We can decom-
pose the welfare impact on a particular income group of, for example,
reductions in trading costs into a cost-savings effect and a composition
effect. The former tends to benefit all consumers, whereas the latter—
reflecting the induced change in the relative numbers of low- and high-
quality products—often benefits consumers at one end of the income
distribution at the expense of those at the other. We find that, in the
absence of supply-side determinants of comparative advantage, trade
between countries at different levels of income tends to benefit on
average the poorer consumers in the richer country and the richer
consumers in the poorer country. These income groups gain from in-
tegration not only because imports provide a wider variety of choices
but also because trade shifts the composition of available products to-
ward those goods that they are most likely to buy.

Our nested-logit demand system is familiar from the empirical liter-
ature. For this reason, we believe that it would be possible to estimate
key parameters of the model from data on household income and spend-
ing. Armed with such estimates and observable data on expenditure
patterns, one could utilize our expressions for the average welfare
changes in different income groups to calculate the gains from trade
across the income distribution.39

39 See Porto (2006) for an ambitious attempt to estimate the distributional impacts of
trade policy in a model that includes heterogeneous consumer gains as well as wage and
income effects. Porto does not allow for nonhomothetic demands, but rather he takes
the variation in budget shares for different households to be an exogenous reflection of
heterogeneous tastes.
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Finally, our framework is simple enough to allow for extensions and
variations. For example, it is straightforward to introduce direct foreign
investment as an alternative means for firms to serve foreign markets.
Then the model could shed light on the spread of Chinese and Indian
multinational corporations to other developing countries (see Boston
Consulting Group 2006). We are pursuing such an extension in our
ongoing research.

Appendix

A. Proof of Proposition 1

The pair of equations in (11) implies

�[r (y)] 1L p (A1)
n x NL L

and

�[r (y)] 1H p , (A2)
n x NH H

where
vLn f (y)L L

r (y) pL v vL Hn f (y) � n f (y)L L H H

and

r (y) p 1 � r (y).H L

These equations are depicted as LL and HH, respectively, in figure A1. They
represent combinations of the number of low-quality varieties and the number
of high-quality varieties consistent with zero profits and market clearing in the
two market segments. Both curves are downward sloping inasmuch as an increase
in the number of competitors of any type necessitates a reduction in the number
of competitors of the opposite type in order to preserve profitability. Along LL,

as and as , whereas along HH, asn r N/x n r 0 n r 0 n r � n r N/xL L H L H H H

and as . Therefore, the two curves must intersect in then r 0 n r 0 n r �L H L

positive quadrant; that is, an equilibrium exists with and .n 1 0 n 1 0H L

Note that

�r (y) vL Lp r (y)r (y),L H
�n nL L

�r (y) vL Hp � r (y)r (y).L H
�n nH H

Using these expressions and totally differentiating (A1) and (A2) with respect
to and , we findn nL H
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Fig. A1.—Autarky equilibrium

�[r (y)r (y)] �[r (y)r (y)]L H L Hˆ ˆv � 1 n � v n p 0,L L H H{ }�[r (y)] �[r (y)]L L

�[r (y)r (y)] �[r (y)r (y)]L H L Hˆ ˆ�v n � v � 1 n p 0.L L H H{ }�[r (y)] �[r (y)]H H

All elements in the Jacobian matrix are negative.40 Denoting the Jacobian de-
terminant by D, we have

�[r (y)r (y)] �[r (y)r (y)]L H L H
D p 1 � v � vL H

�[r (y)] �[r (y)]L H (A3)

�[r (y)r (y)]L Hp 1 � {v �[r (y)] � v �[r (y)]}.L H H L
�[r (y)]�[r (y)]H L

We see that because and are negatively correlated and a weightedD 1 0 r (y) r (y)L H

average of and is smaller than one. This implies that LL must be steeperv vL H

40 Note that

�[r (y)r (y)]L H
v ! v �[r (y)] ! 1,L L H

�[r (y)]L

because and are negatively correlated and and are both fractions. Similarly,r r r (y) vL H H L

�[r (y)r (y)]L H
v ! 1.H

�[r (y)]H
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than HH at any intersection point, which in turn implies that the equilibrium
is unique.

B. Comparative Statics of the Autarky Equilibrium

1. Population Size

Now differentiate (A1) and (A2) totally with respect to , , and N. Then nL H

solution is

n̂ �[r (y)r (y)] �[r (y)r (y)]L L H L H
D p 1 � v � vH Hˆ �[r (y)] �[r (y)]N H L

�[r (y)r (y)]L Hp 1 � v 1 0H
�[r (y)]�[r (y)]H L

and

n̂ �[r (y)r (y)] �[r (y)r (y)]H L H L H
D p 1 � v � vL Lˆ �[r (y)] �[r (y)]N L H

�[r (y)r (y)]L Hp 1 � v 1 0.L
�[r (y)]�[r (y)]H L

Note that

ˆ ˆn � n 1 �[r (y)r (y)]H L L Hp (v � v ) 1 0.H Lˆ D �[r (y)]�[r (y)]N H L

In terms of figure A1, an increase in N shifts both curves to the right, but the
HH curve shifts by more along a ray through the initial intersection point.

2. First-Order Stochastic Dominance

Since is monotonically increasing in y and is monotonically decreasing,r (y) r (y)H L

a first-order shift in the income distribution raises and reduces�[r (y)]H

. By (A1), the LL curve in figure A1 shifts to the left, whereas by (A2),�[r (y)]L

the HH curve shifts to the right. As a result, and .ˆ ˆn 1 0 n ! 0H L

3. Mean-Preserving Spread

A mean-preserving spread in raises if is convex in y at all y.G(7) �[r (y)] r (y)H H

From equation (5), we have
′r (y) p r (y)[H � q (y)]H H a

and therefore
′′ ′ 2r (y) p �r (y)q (y) � r (y)[H � q (y)] .H H a H a

After substituting the definition , noting that ′q (y) { r (y)H � r (y)L q (y) pa H L a

, and rearranging terms, we have′r (y)(H � L)H

′′r (y) p r (y)[H � q (y)](H � L)[r (y) � r (y)].H H a L H

Therefore, if and only if for all y. This is sufficient for a′′r (y) 1 0 r (y) 1 r (y)H L H
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mean-preserving spread in income to induce an increase in and a de-�[r (y)]H

cline in . In such circumstances, the LL curve shifts to the left and the�[r (y)]L

HH curve shifts to the right, so that and .ˆ ˆn 1 0 n ! 0H L

C. Comparative Statics of Trade Equilibrium with Diversified Production

Now (15) implies

k k� [r (y)] 1L p (A4)k kñ x /(1 � l ) NL L L

and

k k� [r (y)] 1H p (A5)k kñ x /(1 � l ) NH H H

for , wherek p R, P
k vL˜(n ) f (y)L Lkr (y) pL k v k vL H˜ ˜(n ) f (y) � (n ) f (y)L L H H

and

k kr (y) p 1 � r (y).H L

The equilibrium values of and are found in a figure analogous to figurek k˜ ˜n nL H

A1, in which now plays the role that played previously and playskx /(1 � l ) x Nq q q

the role of N.
It is clear that an increase in , for example, shifts the new HH curve to thelH

right, leading to a rise in and a fall in for . An equiproportionatek k˜ ˜n n k p R, PH L

rise in and shifts both curves to the right, but the HH curve shifts1 � l 1 � lH L

by more along a ray through the initial intersection point. The result is an
increase in and , with rising proportionately more, for .k k k˜ ˜ ˜n n n k p R, PH L H

D. Equilibrium Numbers of Brands with Small Trade Costs

When high-quality varieties are produced only in and low-quality varieties areR
produced only in , the zero-profit conditions implyP

P P P R R RN � [r (y)] � l N � [r (y)]L L L p 1
n xL L

and

P P P R R Rl N � [r (y)] � N � [r (y)]H H H p 1,
n xH H

where
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vLn f (y)L LPr (y) p ,L v vH L(l n ) f (y) � n f (y)H H H L L

vL(l n ) f (y)L L LRr (y) p ,L v vH Ln f (y) � (l n ) f (y)H H L L L

P Pr (y) p 1 � r (y),H L

R Rr (y) p 1 � r (y).H L

We can use these equations to draw LL and HH curves analogous to those in
figure A1, with similar properties. Again, the curves must intersect and the LL
curve must be steeper at any point of intersection, which implies that the equi-
librium is unique.

A decline in trading costs for high-quality products ( ) causes the newdl 1 0H

LL curve to shift to the left and the new HH curve to shift to the right, leading
to a rise in the number of high-quality varieties produced in ( ) and aˆR n 1 0H

fall in the number of low-quality varieties produced in ( ).ˆP n ! 0L

E. Many Countries and Many Quality Levels

1. Proof of Lemma 1

Note that is strictly log supermodular in (y, q); that is,(y�c )q�vq qf (y) p eq

for all q, , and . Therefore,′ ′ ′′ ′′ ′ ′ ′ ′′
′ ′f (y )/f (y ) 1 f (y )/f (y ) q � Q q 1 q y 1 y ≥ yq q q q min

assumption 2 implies that is strictly log supermodular in (y, q, k) andkf (y)g (y)q

so is . It follows from lemma 2 in Athey (2002),k 1�v vq q˜ ˜f (y)g (y)/(n ) � (n ) f (y)q q q qq�Q

due originally to Ahlswede and Daykin (1978), that is strictly log super-k ˜G (n)q

modular in (q, k) inasmuch as integration preserves log supermodularity.

2. Proof of Lemma 2

Suppose that a set of quality levels are produced in countries� P Q k � � P

; then the demand for a typical local variety of quality is the{1, 2, … , K } q � �

same in all these countries, that is,

xqkd p for all q � �; k � �.q 1 � l (K � 1)q

This implies
′ ′′ �1�v k kk q ˜˜ L (n , y)dyn ∫y qminq ′p for q � �; k, k � �, (A6)( ) �k k k˜ ˜n L (n , y)dy∫yq qmin

where
kf (y)g (y)qk ˜L (n, y) p .q vq˜� (n ) f (y)q qq�Q

Note that
′ ′k k k k′ ′ ′˜ ˜L (n , y) f (y) L (n , y)q q q

p p , (A7)′ ′k k k k˜ ˜L (n , y) f (y) L (n , y)q q q
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′ ′ ′k k ′ ′ k ′ ′ k ′ k k ′˜ ˜L (n , y ) f (y )g (y ) f (y )g (y ) L (n , y )q q q q
p 1 p (A8)′ ′ ′k k ′′ ′′ k ′′ ′′ k ′′ k k ′′˜ ˜L (n , y ) f (y )g (y ) f (y )g (y ) L (n , y )q q q q

for and , where the inequality results from log supermodularity of′ ′′ ′y 1 y k 1 k
. Next note that (A6) together with (A7) imply that for q, and k,k ′g (y) q � �

′k � �

′ ′ ′ ′� �′ k k k k′k k 1�vq ˜ ˜′′ ′ L (n , y)[f (y)/f (y)]dy/ L (n , y)dy∫ ∫˜ ˜ y y(n /n ) q q q qmin minq q
p′ � �k k 1�v k k k kq˜ ˜ ˜ ˜(n /n ) ′L (n , y)[f (y)/f (y)]dy/ L (n , y)dy∫ ∫y yq q q q q qmin min

′ ′� k k˜ ′W (n , y)[f (y)/f (y)]dy∫y q q qmin

p ,� k k˜ ′W (n , y)[f (y)/f (y)]dy∫y q q qmin

where

k ˜L (n, y)qk ˜W (n, y) pq � k ˜L (n, z)dz∫y qmin

is a density, so that represents a weighted average of� k k˜ ′W (n , y)[f (y)/f (y)]dy∫y q q qmin

. However, (A8) implies that′f (y)/f (y)q q

′ ′k k ′ k k ′˜ ˜W (n , y ) W (n , y )q q
1 ,′ ′ ′k k ′′ k k ′′˜ ˜W (n , y ) W (n , y )q q

so that in country (where ) the weights are relatively larger for larger′ ′k k 1 k
income levels. Moreover, is increasing in y, and therefore′f (y)/f (y)q q

� �

′ ′k k k k˜ ˜′ ′W (n , y)[f (y)/f (y)]dy 1 W (n , y)[f (y)/f (y)]dy,� q q q � q q q
y ymin min

which implies that

′ ′ ′1�v 1�vk kq q′˜ ˜n nq q
1 .( ) ( )k k˜ ˜′n nq q

It follows from assumption 1 that

′k k′ ′˜ ˜n nq q ′ ′ ′ ′1 for q, q � �; k, k � �; q 1 q and k 1 k.′k k˜ ˜n nq q

3. Proof of Proposition 6

Suppose, to the contrary, that . It follows from the fact that producers of′q ! q
quality q in k and of quality in must break even and from the fact that′ ′q k
there must be no-profit opportunities for producers of quality q in and of′k
quality in k that′q
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K

′k k ld � l d � l d p x ,�q q q q q q′lp1,l(k,l(k

K
′k k ll d � d � l d ≤ x ,�q q q q q q′lp1,l(k,l(k

K
′k k l
′ ′ ′ ′ ′ ′d � l d � l d p x ,�q q q q q q′lp1,l(k,l(k

K
′k k l

′ ′ ′ ′ ′ ′l d � d � l d ≤ x .�q q q q q q′lp1,l(k,l(k

These no-profit conditions imply , , and therefore′ ′k k k k
′ ′d ≥ d d ≥ dq q q q

′k k′ ′d dq q≥ ,′k kd dq q

or by (22),
′ ′k k k k˜ ˜′ ′G (n ) G (n )q q≥ .′ ′k k k k˜ ˜G (n ) G (n )q q

For we have and , which contradicts lemma 1 when′k k˜ ˜¯ ¯l f (1, 1, … , 1) n r n n r n
. Therefore, the richer country must produce the goods of higher quality.′q ! q
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