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Abstract

We develop a framework for studying trade in horizontally and vertically differentiated prod-
ucts. In our model, consumers have heterogeneous incomes and heterogeneous tastes. They
purchase a homogeneous good as well as making a discrete choice of quality and brand of a dif-
ferentiated product. The distribution of preferences in the population generates a nested logit
demand structure. These demands are such that the fraction of consumers who buy a higher-
quality product rises with income. We use the model to study the pattern of trade between
countries that differ in size and income distributions but are otherwise identical. Trade—which
is driven primarily by demand factors—derives from “home market effects” in the presence of
transport costs. When these costs are sufficiently small, goods of a given quality are produced
in a single country. The model provides a tractable framework for studying the welfare conse-

quences of trade, transport costs, and trade policy for different income groups in an economy.
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1 Introduction

International trade flows reveal systematic patterns of vertical specialization. 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, 2008). This suggests a
positive association between per capita income and the quality of exports. Also, when a country
exports goods in a product category to several destinations, the higher-quality goods are directed
disproportionately to the higher-income markets (Hallak, 2006). Since wealthier households typ-
ically consume goods of higher quality (Bils and Klenow, 2001; Broda and Romalis, 2009), the
pattern of vertical specialization has important implications for the distributional consequences of
world trade.

In this paper, we propose a new analytic framework for studying trade in vertically-differentiated
products. Our approach features non-homothetic 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 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 assumptions
about levels and distributions of national income. Our model implies that, in many circumstances,
trade liberalization benefits especially 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 Linder (1961), who hypothesized that firms in
any country produce goods suited to the predominant tastes of their local consumers and sell them
worldwide to others who share these tastes.! 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 the luxury good happens to be capital intensive. Similarly, in Flam and
Helpman (1987), Stokey (1991), Murphy and Shleifer (1997) and Matsuyama (2000), the pattern
of trade follows from an assumption that richer countries have relative technological superiority in
producing higher-quality goods.? More recently, Baldwin and Harrigan (2007) and Johnson (2008)
have incorporated vertically-differentiated products into trade models with heterogenous firms.

They seek to explain the observation that more productive firms export higher-priced (and therefore,

'Mitra and Trindate (2005) also offer a demand-based explanation for the pattern of trade in a model with non-
homothetic preferences. However, their model implies that countries will export goods that are little demanded
at home absent any supply-side differences between them. See also Foellmi et al. (2007), who model trade in
horizontally-differentiated goods with discrete choice and non-homothetic preferences.

2See also Fieler (2008), who finds in her calibration excercise using a Ricardian framework a la Eaton and Kortum
(2002) with two industries and many goods 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 advantage in luxury goods.



presumably, higher quality) products with reference to 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.?

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 options of 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
aggregate demands exhibits a nested-logit structure. We draw on the theory of such demands that
has been developed by McFadden (1978), Anderson et al. (1992) and Verboven (1996a), among
others.? Since the econometric methods for estimating such models are well developed, our analytic
framework should be readily amenable to empirical research.

We posit a utility function that features complementarity between the quantity of the homoge-
neous good and the quality of the differentiated product. This property of the assumed preferences
implies that the marginal value of quality is higher for those with greater income, who consume
more of the homogeneous good. Yet consumers have idiosyncratic valuations of each of the differen-
tiated products, which means that a wealthy consumer may fancy a particular low-quality variety
while a poorer consumer favors one of the high-quality products. In the aggregate, the fraction of
consumers that buys a high-quality product rises with income. This behavior generates heterogene-
ity 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), and
Hunter (1991).

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

In our model, patterns of aggregate demand translate into patterns of specialization and trade
via “home-market effects.” As Krugman (1980) argued, when transportation is costly, a large home
market lends an advantage to local firms producing under increasing returns to scale. Therefore,

countries tend to export the increasing-returns goods that are in great domestic demand.® We derive

3See also Kugler and Verhoogen (2008) and Hallak and Sivadasan (2009), who provide empirical evidence on the
relationship between firm size, firm productivity, and export unit values.

'The nested-logit demand structure has been applied to international trade by Goldberg (1995) and Verboven
(1996b), and more recently by Khandelwal (2008) and Verhoogen (2008). The latter two include a vertical dimension
of product differentiation in their discussion, but their focus is very different from ours.

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.

SHanson and Xiang (2006) extend Krugman’s argument to a setting with many industries that differ in transport
costs and the extent of product differentiation. They provide empirical support for the proposition that larger



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 produce high-quality goods in the richer (or more
unequal) country, while 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 explain, for example, why Germany exports high-quality cars to
Korea while importing low-quality cars from there.

Our framework provides a tractable and parsimonious tool for studying the distributional im-
plications of changes in transport costs or trade policy. Since different income classes in a country
consume different mixes of low- and high-quality 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 qua 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 2, we develop our framework in the context of a closed economy. Each consumer
buys one unit of some differentiated product and devotes all remaining income to the homogeneous
good. Individuals have idiosyncratic evaluations of the various differentiated products, which also
differ in quality. The distribution of taste parameters generates a nested-logit structure of aggregate
demands. We combine these demands with a simple supply model that features a single factor of
production, fixed costs plus constant unit costs that vary by quality level, and free entry into the
differentiated-products sector. In the monopolistically-competitive equilibrium, each firm producing
a differentiated product charges a fixed 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 3 that the autarky equilibrium is unique and that it is characterized by positive numbers of
producers of both low- and high-quality goods. We proceed to examine how changes in population
size and in 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 4 introduces international trade between countries that share similar supply character-
istics but differ in their levels and distributions 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- and high-quality goods. We examine how country sizes and income
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 5. For

trading costs close enough to zero, each good is produced in the country that would have the larger

countries export more in industries with high transport costs and highly-differentiated products. See Davis and
Weinstein (2003) for further empirical evidence of home-market effects in the pattern of trade.



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 exports the higher-quality goods while the poorer
country produces and exports the lower-quality goods.

In Section 6, 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 7 offers concluding remarks and an appendix gathers the algebraic

derivations and proofs.

2 The Model

We develop a model featuring income heterogeneity and non-homothetic 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 Section 4 below.

Fach 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 differentiated products
to ensure a positive output of the numeraire good 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 income distribution by Fy, so that F, (y) is the fraction of the mass N of 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 brand 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, as
well as by other attributes that affect consumers’ idiosyncratic valuations. We denote by 2 the
finite set of available quality levels such that a good with index 7 € ) has quality ¢;. For most of
the paper, we will take Q = {H, L} with ¢y > qr; i.e., consumers choose from among two quality
levels, opting either for one of the high-quality products or one of the low-quality products. At
each quality level, there is a large number of competing brands that consumers evaluate differently.

So, each consumer chooses not only a quality level, but also a particular item from among the set



Q; of brands with quality g;.

2.1 Preferences and Demand

Consider an individual A who consumes z units of the homogenous good and a variety j of the
differentiated product from the set (); of products with quality ¢;. We assume that this option
yields the individual utility of

h

w'; = 2q; + e, (1)

where 523‘ is the individual’s idiosyncratic evaluation of the attributes of product j in @;. Each
individual has a vector of idiosyncratic evaluations, one for each of the available brands in each
quality class; denote this vector by e = {6? j} for i € Q and j € ;. The € terms are distributed
independently across the population of consumers according to a Generalized Extreme Value (GEV)
distribution, which we denote by F (). That is,
F.(e) = e Zien[Siea, e b 0 < 0, < 1 forall i € 0
A , i .

This distribution of taste parameters is common in the discrete-choice literature, following Ben
Akiva (1973) and McFadden (1978), because it generates a convenient and empirically-estimable
system of demands.” Notice the interaction in (1) between the quantity of the homogeneous good
and the quality of the differentiated product, which implies a greater marginal valuation of quality
for those with greater consumption of the homogeneous good. This feature of the utility function
captures the non-homotheticity of preferences in our model.

Now consider the optimization problem facing an individual with income 3" and vector of taste

parameters €. Of course, this individual simply chooses the quality and variety that yields the

h
1’7‘77
pi,j is the price of the 4t variety in the set Q; of goods with quality ¢;. Here y"* — Di,j represents

highest utility among all available options, i.e., the ¢ and j that maximize (yh - pivj) q; +€ ., where

the 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 consumers with income y who choose variety j with quality ¢; is given by
Pi.j (y) = Pj|iPi (Y)
where
e~ Pi,iqi/0
ZEGQ e~ Piedi/0i

is the fraction that buys brand j among those that purchase a differentiated good with quality g;

Pjli =

"See also Verboven (1996a) and Train (2003, ch4).



and
0;

(ZjeQi 6(y_pivj)Qi/0i)

e (ZJ'EQw e(yfpw,j)qw/9w>

is the fraction of consumers that opt for a product of this quality. These fractions depend on the

pi (y) = 0.

price vector, of course, and the latter fraction varies across the income distribution.

Readers familiar with the empirical literature on discrete-choice modeling will recognize the
implied demand system as a nested logit, with choice over quality levels and brands of a given
quality. In that literature, 0; is known as the dissimilarity parameter; it measures the degree
of heterogeneity in preferences over the brands in the set Q;.8 The greater is ;, the smaller is
the correlation between ¢; ; and ¢; j» for j and j' in @Q; (see McFadden, 1978), and therefore the
greater are the perceived differences among the various brands with quality ¢;. If different brands of
lower-quality products are better substitutes for one another than different brands of higher-quality
products, then #; will be increasing in product quality. This ordering seems plausible inasmuch
as higher-quality products typically embody richer sets of product characteristics, which expands
the scope for horizontal differentiation. However, our analysis does not require any particular
relationship between 6; and ¢;.”

Different income groups allocate their spending similarly among the various brands of a given
quality. Variation in spending patterns across income groups arises solely from variation in the
fraction of individuals who purchase a product with quality ¢;, as reflected by the function p;(y).
It follows that the market share of a good of quality g; varies across income groups according to

1 dpii(y) 1 dp(y)

pij(y) dy Ty dy =i —qa(y), (2)

where
Ga (W) =) _aipi ()
1€Q

is the average quality consumed by individuals with income y. Equation (2) implies that the fraction
of individuals who purchase brand j of quality ¢; rises with income if and only if ¢; > ¢, (y); that
is, if and only if g; is higher than the average quality consumed by individuals in this income group.
In particular, in the case of two qualities, @ = {qm,qr}, we have qg > q, (y) > qr, for all y, so
that the fraction of individuals who purchase high-quality products rises with income at all income

levels. This is the key property of these non-homothetic preferences that will guide our analysis of

8Readers 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 6 parameterizes the
dissimilarity of productivity levels across goods.

9With this specifications of preferences and the distribution of the idiosyncratic taste parameter, the ratio of
fractions p, ; (y) /p; j (v), for j, 5" € Qi does not depend on the set of varieties available in other quality classes, nor
on the prices of these goods. This ratio does vary with 6;, but not with the dissimilarity parameters that apply to
other quality groups. On the other hand, the ratio of fractions p; ; (y) /pi,”j, (y), for 7 € Q; and j' € Q4 depends on
the set of products available in both groups and on the dissimilarity parameters for each.



the trade flows.
From now on, we will focus on an economy with two qualities of the differentiated product.

Then we can write the fraction of individuals with income y who purchase brand j of quality ¢; as

0;
e~ Pi.jdi/0i [ZjleQi e(y_pi»i')qi/gi}
pi;(y) = fori=H, L.

) —p;,j19:i/0: . 0 0w
2jeqie ™ D we{H,L} [Zj’eQw el rosr)a/ W}

Using this expression, we calculate per capita demand for variety j of quality ¢;,

di; = /OO pij (y) dEy (y)

Ymin

0;
e*piﬁjqi/ez‘ /oo [Zj’eQi e(y—pi,j/)qi/ei}

dFy (y) (3)
i —p; j19i/0: ' L 0 y )
Ljeq ¢ Ymin } - e {H,L} [Zj/eQw ev=Pu )qw/"w}

w

where ymin is the income of the poorest individual in this economy. Evidently, the aggregate demand
Nd; ; for brand j of quality ¢; depends on the price of this good and on aggregate indexes of the

prices of competing products in each quality class.

2.2 Pricing and Profits

Firms can enter freely into the differentiated-products sector by employing a fixed input f; of
effective labor to produce a good of quality ¢g;. Each active firm produces a different brand, using ¢;
units of labor per unit of output for a good of quality ¢;. The producers of differentiated products
set prices to maximize profits taking the aggregate price indexes as given. Entry at each quality
level proceeds until the next entrant would fail to cover its fixed cost. Let n; be the number of firms
that produce goods of quality g;. The demand structure requires the number of brands in each
quality class to be a finite integer, but we will take liberty in treating n; as if it were a continuous
variable to facilitate the exposition.

A firm that produces a brand j of the differentiated product with quality ¢; earns profits of
mij = Ndij (pij — ¢i) — fi, where d; ; is given in (3). If the number of active producers of each
quality level is large, the terms in the various sums in (3) 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 brand j with quality ¢; maximizes profits by setting the
price

9.
pi:ci—i—j fori=H, L. (4)

7
Evidently, the markup over marginal cost differs for goods of different qualities. The markup reflects
two properties of the class of goods. First, the higher is ¢;, the greater is the marginal utility from
consumption of the homogeneous good, due to the complementarity between z and ¢; reflected in

(1). A higher marginal utility from consumption of the homogeneous good makes consumers more



sensitive to price differences when choosing among the different brands in ;. Second, the greater
is 0;, the greater are the perceived differences among the various brands with quality ¢;, as we have
noted before. This greater degree of product differentiation tends to make demands less sensitive
to price changes. These two forces may 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 05 /qr > 01./qL.

With common prices, the firms that produce different varieties of a good of a given quality ¢;
achieve similar volumes of sales. Let d; be the quantity demanded per capita of a typical brand in
Q; when all goods are priced according to (4). Then

0;
PR "' 9 (y) , fori=H,L, (5)

ni |05 (y) + niF o (y)

where
65 (y) = elve 0

captures the effect of income on demand and E is the expectations operator with respect to the
distribution of income, i.e., E[B (y)] = fyoo_ B(y)F,(y)dy. The markups of 6;/¢; on sales of Nd;

yield a common profit m; to all producers of brands with quality ¢;, where

6N ng'¢; (v)
Qi ni{’(ﬁH (y) + neLL¢L (y)

mi (ng,np) = — fi, fori=H,L. (6)
These functions determine the profitability of entry at each quality level. In equilibrium, n; > 0
implies 7; (ng,nr) = 0 while 7; (ng,nr) < 0 when n; = 0. In the next section, we will use these
free-entry conditions to characterize an equilibrium in a closed economy. Once the number of firms
producing at a given quality level is known, sales of each brand of the differentiated products also
are determined. Together, the firms selling goods with quality g; capture aggregate sales of n;d; NV,
so that aggregate output of all differentiated products is ngdgN + nrdr, N = N.!Y This equality
reflects the fact that each of the mass N of consumers buys one unit of some product.

The differentiated-products industry employs a total of ng (dgcgN + fu) + nr (drer N + fr)
units of effective labor. The difference between aggregate labor 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 remainder of the variables determined in the general equilibrium are readily found. Accordingly,

we focus in what follows on the determinants of ng and ny,.

'Note that n;d; = E[p; (v)]; i.e., the per capita demand for all goods with quality ¢; matches the probability that
a random consumer will choose to purchase a good with that quality.



3 Autarky Equilibrium

To characterize an equilibrium in a closed economy, we define x; as the quantity that a firm
producing a brand with quality ¢; must sell in order to break even when it prices according to (4);

ie.,
i fiqi
7 Q,L

Notice that the break-even volume depends only on the size of the fixed cost and the size of the

fori=H,L. (7)

markup, as in Krugman (1980). So, (7) will pin down the output per brand for any quality of good
that is available in equilibrium.

In an autarky equilibrium, if some positive number of firms produce goods with quality ¢; the
demand per brand must reach the break-even level. Otherwise, no firm producing this quality can
profitably enter. In other words, if n; > 0, Nd; = x;, whereas Nd; < x; implies n; = 0. In any

case, the aggregate output of all differentiated products matches the population size N, or
ngxg +nrrrp = N. (8)

We will refer to this equation as the aggregate demand condition. It implies, of course, that at least
one of ny and ny, must be positive.

But notice from (5) that as n; approaches zero with n; > 0 for i’ # i, the demand for a typical
brand with quality ¢; grows infinitely large. This means that a producer of a brand with quality g;
will certainly be able to achieve the break-even volume when the number of its competitors offering
a similar quality is sufficiently small. In equilibrium, brands of both qualities will be available to
consumers.'!

Now that we know that ng and n; both must be positive, market-clearing for each brand

requires x; = Nd; or

n e, (y)
n?f{ oy (y) + niL ¢, (v)

xi:NE[ ], fori=H, L. 9)

This pair of equations in turn implies!'?

-1

(ngrg +nrxr) Ga(y) =0, (10)

(naza)' ™" Gr (y) — (npwr)' ™" Gu(y)

"Tn making this statement, we have ignored the integer constraint. The equilibrium “solution” for some n; might
be a fraction, in which case it might not be profitable for 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 ng > 0 and nr, > 0 is well justified.

2Note that the weighted sum of zzr and xr, from (9) implies (8), which means that only two of these three equations
are independent. See the appendix for the derivation of equation (10).

E [(anL)eL +
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n

Figure 1: Autarky equilibrium

where
Gily) =z, "¢; (y).

We will refer to (10) as the composition of demand condition; it gives a second relationship between
nyg and ny, once xy and xy, are pinned down by (7).

Equations (8) and (10) have a unique solution, which indeed has ng > 0 and nz, > 0. To see
this, substitute (8) into (10), to derive

-1

E | (npz)?"
) (nuza)' ™" Gr (y) — (npwr)' ™" Gu(y)

Combinations of ngy and ny that satisfy (11) are depicted by the curve GG in Figure 1. These are
the numbers of firms in the two quality classes that are consistent with equal profitability across
the two types of firms, given that the typical firm in @; sells ; units and that aggregate sales are
equal to N. Equation (11) is satisfied in the limit as n;, = ng — 0. Moreover, the curve GG is
everywhere upward sloping. This reflects the fact that, for given aggregate demand, as ny, increases,
the profitability of a brand in @, falls by more than one in Q) g, because the extra low-quality goods
compete more directly with other low-quality goods than with the high-quality goods. To restore
equal profitability in the two quality classes, the number ng of producers of high-quality goods
would have to rise in order to maintain the required composition of demand.

As the figure shows, if the GG curve begins at the origin and slopes upward, it surely must
cross the NN line—which represents equation (8)—and can do so only once.

This establishes

Proposition 1 There exists a unique autarky equilibrium. In the autarky equilibrium, ng > 0 and

nr, > 0.

10



In the remainder of this section, we describe how the autarky equilibrium reflects the size of the
economy and its income distribution.'® We also show how the model can be used to examine the
welfare implications 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 IV increases, the NN curve in
Figure 1 shifts out by the same proportion as the increase in the consumer population. Equation
(11) implies that if @ = 01, the GG curve shifts out radially by this same proportion, and the
new equilibrium is at E’, where iy = fif, = N1 That is, when the dissimilarity of low and high
quality goods is the same, an expansion in the size of the economy leads to an equiproportionate
increase in the number of goods of either quality level. If 0 > 07 —that is, if low-quality goods
substitute more closely for one another than high-quality goods, as seems most plausible—the GG
curve does not shift quite so far radially as for the case of equal dissimilarity parameters. Then
g > N > nr, and possibly nn;, < 0. Alternatively, if 7 < 0p, the GG curve shifts out radially
by more than the proportional increase in population size, so that n; > N > fy and possibly
ng < 0. In short, growth in market size causes an expansion in the relative number of the more
horizontally-differentiated products.'?

Now consider an upward shift in the income distribution in the sense of first-order stochastic
dominance; i.e., at every income level y, the fraction of the population with income less than or
equal to y declines. This has no effect on the NN curve, but it causes the GG curve to shift to
the left.!0 Intuitively, as the economy grows richer, demand shifts toward the high-quality goods,
raising the relative profitability of these goods. This induces entry of firms that produce such
goods and exit of producers of low-quality products. Therefore, when comparing two similarly-
sized economies, the richer one (in the sense of first-order stochastic dominance) will have more
varieties of the high-quality product and fewer varieties of the low-quality product.

Finally, consider an increase in income inequality, as represented by a mean-preserving spread
of the distribution F), (-). The effect on relative demand is in general ambiguous, as those at the top
end of the distribution collectively buy more of the high-quality goods while 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 products, then the former effect must dominate.!” Thus, a spread in

income distribution in a poor economy (one in which p; (y) > pg(y) for all y) induces a shift in the

13The algebra of the comparative statics that we describe here are derived more formally in the appendix.
¥We use a circumflex to denote a proportional increase; i.e., Z = dz/Z.

»See Epifani and Gancia (2006) and Hanson and Xiang (2004) for similar results in a different context.
'5The direction of shift in the GG curve depends upon the pattern of the changes in G, (y) /Gu (y) but

—0 —6
G (y) _ T "o (y) _TL “ e(9H+CHQH)—(9L+CL4L)67J(¢IL—fIH)

Guy)  ayou(y) oy’

decreases with y. This reflects the fact that the fraction of consumers who buy high quality is increasing in income.

YIf p, (y) > pgy (y) for all y, then the term inside the expection in (10) is a concave function of y for given ng
and ny. Therefore, a mean-preserving spread in the distribution of y causes the GG curve to shift to the left in such
circumstances. See the appendix for the details.
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composition of firms toward producers of high-quality products.
We can readily examine the implications of these shifts for the welfare of different income groups.

As McFadden (1978) has shown, the expected welfare among those with income y increases with

v(y) = 0 oy (y) +nP o (y) - (12)

As conditions change,

0(y) = pg (v) Oung + pr, (y) Ornr

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 (8), pynmg + prir = N, where p; = nid; = n;x; /N is the
fraction of the overall population that purchases a good of quality 7. Using this equation, we can

write

o (y) = eLpriy) +9prél({y)] o [HHPI;I({y) _eLpriy) (g — g . (13)

The first term in the expression for ¢ (y) is a pure scale effect. Holding constant the relative number
of high- and low-quality products, an expansion of scale benefits individuals at all income levels,
because it increases the number of varieties and therefore increases the likelihood 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 dissimilar are the
brands of high-quality products and the more similar are the brands of low-quality products.

An increase in population size generates a scale effect that benefits all consumers and a compo-
sition effect that affects the various income groups differently. If 8 = 01, ng = ny, and all income
groups gain from population growth. If 07 > 0, as seems most plausible, then ny; > . The rich-
est individuals in the economy are more likely to purchase the high-quality good than the average
consumer and less likely to purchase the low-quality good, so pg (Ymax) /g > 1 > pr, (Ymax) /PL-
These individuals must gain on average from population growth. The poorest consumers—who are
more likely than average to purchase the low-quality good and less likely than average to consume
the high-quality good—may gain or lose.

An upward shift in the income distribution (or a spread of the distribution 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 6y = 6, the associated composition
effect benefits the members of the highest income group (on average) and harms the members of
the lowest income group. The former are more likely than average to consume a high-quality good

and so they gain from having a wider variety of choices. The latter are more likely than average

12



to consume a low-quality good and so they lose from having fewer choices. If 8 > 61, the highest
income group again must benefit, but the lowest income group may do so as well. Although the
latter are more likely to consume a low-quality product, the contraction of variety does not hurt
them so much because the goods are relatively similar; meanwhile, the expansion of variety of
high-quality products is advantageous, because these goods are relatively dissimilar. If there are
losers (on average) from a change in the composition of products that favors high-quality goods, it

will be all those groups with income less than or equal to some critical value.

4 Trade with Incomplete Specialization

In this section, we introduce international trade. We assume that there are two countries, R and
P, that differ only in size and in their distributions of efficiency labor. In other words, we do not
allow for any comparative advantage in production. By doing so, we abstract from supply-side
determinants of the pattern of trade in order to focus on those that derive from differences in
income in the face of non-homothetic preferences. The country designations of R and P are meant
to suggest “rich” and “poor,” although we do not insist on any particular relationship between
their sizes or their income distributions except in some special cases.

We assume throughout that both countries have sufficient 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 countries.

We assume that the differentiated products are costly to trade.'® In particular, it takes 7; units
of effective labor to ship one unit of a variety with quality ¢; from one country to the other.'® As
T; grows large, national outputs converge on those of the autarky equilibria. In such a setting, as
we now know, both countries produce goods of either quality. We will find that such incomplete
specialization characterizes the trade equilibrium whenever the 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 always
when shipping costs are small.

Shipping requirements raise the cost of serving foreign consumers relative to domestic con-
sumers. For a good with quality ¢;, the marginal cost of a delivered export unit is ¢; + 7;, whereas
local consumers can be supplied at a cost of ¢;. The arguments from Section 2.2 now imply that a
firm producing a brand with quality ¢; maximizes profits by charging foreign consumers the price
¢i+7;+0;/q;, whereas domestic consumers are charged the lower price ¢; +6;/z; (see (4)). In other

words, mark-ups are 6;/q; for all sales, as firms fully pass on their shipping costs to their foreign

8 Dayvis (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.

19Notice that the trading costs here are a certain amount per unit, not “iceberg costs” as is more typically (but
unrealistically) assumed in models of monopolistic competition with trade. Iceberg costs could be readily incorporated
into our framework as well.
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customers.

Demands for domestic goods of quality ¢; in country k reflect the prices of these goods, the
prices of competing import goods, and the numbers of local and foreign imported brands at each
quality level. Letting df represent the per capita demand by domestic consumers for a typical good

of quality ¢; produced in country k when all goods are priced optimally, (3) implies

(ﬁﬂei ®; y)

1
df = B | —— (k o , i=H,Landk=R,P (14)
o L) o () + (1) oL ()
where
it = 4+ Al
\ = 6—7'1'(11'/‘911’

nf is the number of brands of goods of quality ¢; produced in country k, and E¥ is the expectation
with respect to the income distribution in country k. Notice the similarity between (14) and
(5). Now, domestic brands share the market with both domestic and foreign rivals but, inasmuch
as imports of a given quality bear a higher price due to shipping costs, the foreign brands are
less effective competitors. For domestic firms, demand per capita is the same as it would be in
autarky with ﬁf local competitors producing quality g;. The foreign firms are discounted in this
measurement of “effective competitors” by an amount A; € (0,1) that reflects the trading cost for
goods of quality ¢;, as well as the quality and dissimilarity of these products. Also, (3) implies
k. g

that per capita demand for an imported variety of quality ¢; in country k equals \;d;’; i.e., it is a
fraction A; of the demand faced by a local brand.

A firm producing a variety with quality ¢; in either country earns profits per sale of 6;/q;,
considering the fixed mark-up it charges over delivered cost. In order to break even, such a firm,
no matter where it is located, must make sales totalling x; = f;q;/0; units, as per (7). In an

equilibrium with producers of both qualities in both countries, we must have
. a7k gk atl 3¢ _ S
x; = N + \\N°d; , L#k, k=R, P,i=H,L,

where N* is the population of consumers in country k. 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 A; of what a local producer in country ¢ makes of domestic sales.
For these equations to hold for both £ = P and kK = R it must be that NRle = dizp for
i1 = H, L; that is, firms in each 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
adjustments 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
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z; = N*dF(1+ \) or

(75)" " i (v) 1
(75) % by () + (75) " op ()] L+ A s

N*EF i=HL k=R,P. (15)

The equations in (15) provide four independent relationships, two for country R that jointly
determine ﬁ§ and ﬁ% and two for country P that jointly determine ﬁf and fzfl. These equations
have exactly the same form as those in (9) that describe the autarky equilibrium, except that z;
for the closed economy is replaced by z;/ (1 + A;) for the open economy. In other words, trade
effectively reduces sales per firm, as far as the solution for the effective number of firms in each
country is concerned. 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 fzf, ﬁ%, ﬁf, and ﬁf]
that result from the solution of (15), we can solve for nlz and n’}_l using ¥ = n¥ + \;nf. This gives
k ﬁf — /\iﬁf
i

A positive solutions for nf for all 7 and k requires

> > A, L#k, k=R, P,i=H,L

b R
EUED

1
i
which is always satisfied when )\; is close to zero but rarely satisfied when ); is close to one.?’
This justifies our claim that a trade equilibrium with incomplete specialization always exists when
transport costs are sufficiently high, but fails to exist (generically) when transport costs are low.

The trade equilibrium with incomplete specialization features intra-industry trade at each qual-
ity level. Some consumers in R opt for preferred varieties of the high-quality good produced in
‘P, despite their higher price that includes a charge for shipping. Similarly, some consumers in R
choose to import a favorite foreign variety of the low-quality good. Consumers in P will likewise
import high- and low-quality goods produced in R.

In fact, we know that the export sales by a typical producer of quality ¢; are the same in both
locations. Therefore, country R exports more of goods of quality ¢; to P than it imports of that
quality if and only if country R has more firms producing goods of quality ¢; than does country P.
But, from (16), n > n? if and only if A% > . Therefore, we can identify the equilibrium trade

balance in each quality class by comparing the effective number of sellers of that quality in the two

20When )\; is close to one, the pair of inequalities can be satisfied only if Af* ~ #F, which happens only under

exceptional circumstances. For example, N = NT and Ff = Ff implies Af = al.

15



countries.?!

The pair of equations that determine ﬁze and ﬁZ’ are the same as those that determine the
autarky numbers of producers of quality ¢; in R and P, except that x; in the latter is replaced by
x;/ (1 + A;) in the former. Therefore, we can use the comparative statics of the autarky equilibrium
to identify the sectoral imbalances of the trade equilibrium with incomplete specialization. For
example, suppose that the countries have the same distributions of income (F;2 (y) = pr (y)) but
country R is larger than country P (i.e., N® > N7). We have seen that if 5 = 07, the larger
country has more autarky producers of both classes of goods—in proportion to its larger size.
If instead high-quality goods are more differentiated than low-quality goods (0 > 61), then the
larger country has in autarky an even greater relative abundance of producers of high-quality goods
than its relative superiority in size, but 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, if 0y = 6, then fLZz > ﬁZ’ for i = H and i = L; then the
larger country is a net exporter of both high- and low-quality products. If 65 > 0}, ﬁ% > ﬁz, but
the comparison of effective numbers of producers of 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 (N = N7) but the income distribution
in the richer R first-order stochastically dominates that in poorer P. Then, in autarky, the rich
country has more firms producing high-quality goods and the poor country has more firms producing
low-quality goods. These comparisons carry over to the effective numbers of firms in the trade
equilibrium with incomplete specialization, so that ﬁ% > ﬁz and ﬁf > ﬁ7Lz It follows that the rich
country R is a net exporter of high-quality goods and a net-importer of low-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 R is more spread than that in P. As we have seen before, R has
more producers of high-quality goods and fewer producers of low-quality goods than does P in
autarky. With costly trade, R becomes 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

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
N®R > NP and Ff (y) = Ff (y) for ally, and if O > 01, then R exports on net the high-quality
goods but may export or import on net the low-quality goods; (i) if N® = N¥ and F;z(y) < pr(y)

2INet exports from R to P of goods of quality ¢; are given by

MNPl - ANTdn = iA £ (nf - nP)
ANi fiqi (R P
T 1o g ("_n)
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for ally, then R exports on net the high-quality goods and imports on net the low-quality goods; (iii)
if N® = NP, p.(y) > py(y) for all income groups in R and P, and FyR () is a mean-preserving
spread of FZ,D (+), then R exports on net the high-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 distri-
bution in R first-order stochastically dominates that in P. The greater income in R compared to
‘P provides this country with a larger home market for high-quality goods. If the same numbers
of producers of high-quality goods were to enter in both countries, those in R would earn greater
profits than those in P, thanks to their ability to serve more consumers with sales 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 P enjoy an advantage due to their closer proximity to the larger market. Access
to a large home market affords a competitive advantage that induces entry and ultimately dictates
the pattern of trade.

We turn now to the effects of a reduction in trade costs, focusing particularly on the dis-
tributional consequences. For concreteness, consider first a decline in the cost of transporting
high-quality goods.?? A fall in 7y induces an increase in Ag. To see the effects of this, we use
Figure 2 to determine the effective numbers of sellers in country R; the numbers for country P
are determined similarly. In Figure 2, the GRG™® curve is analogous to the GG curve in Figure
1; it represents combinations of A% and A% that satisfy (11), when in the latter ny and ny are
replaced by A% and A, respectively, and z; is replaced by z;/ (1 + A;). The line N*N™® depicts

the equation??

which replaces the NN line of Figure 1.

Now let Mg rise. This shifts the NRN® line upward in proportion to the increase in 1 + Ag.
Thus, point FE represents an increase in the effective number of high-quality products relative to E
in proportion to the increase 14 Az. But, as can be seen from (11), the GRG™ curve shifts upward
more than proportionately to the percentage increase in 1 + Ag. As a result, the new equilibrium
point £ has more effective brands of high-quality products and fewer effective brands of low-quality
products than at E. Indeed, it is apparent that an increase in Ay induces the same response as a
reduction in the fixed cost of entry by producers of high-quality products, frr. A similar analysis
applied to a reduction in the cost of trading low-quality products would show a rise in the effective
number of low-quality brands and a fall in the effective number of high-quality brands in country

R. Moreover, the analysis is qualitatively similar for country P. Finally, it is evident that if 1+ \g

22The details of the algebra are provided in the appendix.
B Note that Ak NRdE + AR NBdE = N®, while z; = NRdE+ A\ NPdF = (1 + \;) N'dE for i = H, L. The equation
for the NENZ line follows from combining these two.
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Figure 2: Trade equilibrium: Reduction in 7

and 1 + A; both rise equiproportionately, then the change in the effective number of high- and
low-quality products in country k£ mimics that for a similar percentage increase in the population
variable, N*. From our analysis of the autarky equilibrium, we know that if 8 = 6, population
growth generates an equiproportionate increase in the effective numbers of low- and high-quality
products in country k , whereas if 8 > 0 the effective number of high-quality products expands
more than in proportion to the increase in 1+ Ag or 1+ Ay, while the effective number of low-quality
products may rise or fall.

What are the welfare implications of these induced changes in the effective numbers of brands?

In a world with costly trade, the average welfare of those with income y in country k increases with

v (y) = (ﬁ’iz)eH o (y) + (ﬁ'i)eL ¢r, (y), for k=R, P.

Welfare of individuals in country k£ depends on the effective numbers of brands available there, with
foreign brands carrying less weight than domestic brands due to their higher prices. Differentiating
the expression for v¥ (y) and rearranging terms, we can derive an expression for the change in

average welfare of an income group analogous to (13), namely

o (y) = [eﬁ’lz W, egp%éy)} (o (T30 ) + ok (T2

PL
k k &~k
+okiol [QH p;;k(y) —0r pr]Ey)} ("H - nL) , for k=R, P, (17)
H L

where p¥(y) is the fraction of consumers in country k with income y that buys a good with quality
q;, and pf is the fraction of all consumers in country k that buys a good with quality ¢;. 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).
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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 impacts 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 7y expands the effective
number of high-quality brands in each country, while contracting the effective number of low-quality
brands. The cost-savings effect benefits all consumers. If Oy > 61, the composition effect must
benefit the average member of the highest income group in each economy, but it may harm the
average member of the lowest income group. Therefore, 8 > 6, suffices for a fall in 75 to augment
the average welfare of the most well-off consumers in each country. There may be gains from a
decline in 7 for all income groups in a given country, or else the gains may be limited to those
income groups with 3 above some critical level.?*

Other reductions in trade costs can be analyzed similarly. For example, declines in 7y and 7,
that increase 1+ Ay and 1+ Ay, by the same proportions must benefit all income groups, if the two
classes of goods are horizontally differentiated to the same extent (05 = 0r); if, however, the high-
quality goods are more dissimilar as a group than the low-quality goods, such an equiproportionate
increase in 14+ Ay and 14 Ap, must benefit the highest income group in each country but may harm
the poor.

Our analysis also sheds lights on the distribution of the gains from trade. The autarky equi-
librium for either country is the solution to (15) with Ay = A, = 0. The effects of trade can be
found by integrating the increases in Ay and A\ from zero to their actual levels. This generates
a cost-savings effect that benefits all consumers. It also generates a composition 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 economy-wide average may lose. Although trade may not benefit every income
group, it always benefits some such groups.?®

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

Proposition 3 In a trade equilibrium with incomplete specialization, a decline in the trade cost

2 Bven if i < 01, there must be some income groups that gain from a reduction in 7x. To see this, suppose the
opposite were true. Then, the left-hand side of (15) increases for ¢ = L inasmuch as the numerator increases at every
y (because 7, falls) and the denominator 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.

2 The proof of this statement follows along similar lines to that used in footnote 24.
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T; raises the effective number of brands of quality q; and reduces the effective number of brands of
quality q;, j # 1, in both countries. Any reduction in trade costs must benefit the average member of
some income group. If,as a result of a reduction in trade costs, the effective number of high-quality
(low-quality) brands falls in some country, then the highest-income (lowest-income) groups in that

country may lose.

We conclude this section with numerical examples that illustrate some of the points we have
made. Figure 3 shows a case in which all income groups gain from a fall in the transport cost for
high-quality goods. To generate this figure, we have assumed that income in each country has a
displaced Gamma distribution, with yf. =yP. =1, yz;s:edian ~ 5.15, and yz:z,edian ~ 2.38.20 In the
left-hand panel, the figure shows the effective numbers of high- and low-quality varieties in R as
g is raised from zero to 0.8, while A7, is held constant at 0.5.27 The right-hand panel shows the
average welfare among those with the lowest income in R and among those with the median income
there. In drawing the figure, we have normalized the (average) welfare level for each income group
to equal 100 when Ay = 0. The rich gain proportionately more than the poor from a fall in 7p
thanks to the composition effect that reflects the rise in the effective variety of high-quality goods
and the fall in the effective variety of low-quality goods. Nonetheless, even the poorest consumers
benefit from a fall in transport costs in this case. The figures for the poor country P (not shown)

are qualitatively similar.

300 - . Welfare
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Figure 3: Increase in Ag: All consumers gain

Figure 4 illustrates the possibility of distributional conflict. This figure uses the same distri-
butions of income in the two countries as above, but it depicts a case in which the high-quality
products are less differentiated (and the low-quality products more so) than before, so that the

composition effect is more damaging to the poor.?® Here, the median income group in country R

26The example takes N® = N¥ = 1000, qi = 1.05, q, = 0.9, 05 = 0.7, 8, = 0.5, A\, = 0.5, fu = 5, fr = 1.5,
cag = 0.3, and ¢, = 0.05. The distributions of income are such that y — 1 has a Gamma distribution in each country,
with a coefficient of variation equal to 1 in each case. We take the scale parameter in R to be 6 and that in P to be
2, so that mean incomes are 7 and 3, respectively.

2TFor Ay > 0.8 in this example, P specializes in the production of low-quality goods.

28 The parameters for Figure 4 are N® = N¥ = 1000, gz = 0.9, qr. = 0.75, 0z = 0, = 0.6, A\, = 0.5, fu = 20,
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gains from a reduction in the cost of trading high-quality goods, but the lowest income group in R
loses. Again, the figures for the poor country look qualitatively similar.

129 Effective firms [ 645 1017 Welfare
Normalized to 100 for A4=0

- 620 100 | =<

Figure 4: Increase in Ag: Rich gain but poor lose

Finally, Figure 5 illustrates the patterns of specialization for different values of Ay and Ar. The
figure is drawn for the same parameters as underlie Figure 3. In this case, the countries are similar
in size but consumers in R are richer than their counterparts in P. When both trading costs are
reasonably large, so that Ag and A;, are small, both countries are incompletely specialized, much as
they are in autarky. A sufficient reduction in the cost of trading the high-quality goods, holding Ay,
fixed at a reasonably low level, generates an equilibrium in which the poor country P produces only
low-quality goods, while the rich country R produces both high- and low-quality goods. Similarly,
a sufficient reduction in the cost of trading low-quality goods, holding Aj at a reasonably low level,
results in an equilibrium in which R produces only high-quality goods while P produces goods in
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.

5 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 differentiated 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 transport costs. As we have seen, when Ay and Aj are
sufficiently close to zero, the trade equilibrium 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. Eventually, as \; rises toward one, the number of

producers of quality ¢; in some country must fall to zero, as is implied by equation (16). For still

fr =15, cyg = 0.3, and c;, = 0.05.
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Figure 5: Patterns of specialization

smaller transport costs, all of the varieties with quality ¢; are produced in a single country. In this
section, we study trade equilibria with specialization of this sort. We are particularly interested
in the limiting equilibrium, as transport costs approach zero. We will see that this equilibrium is
unique and has a readily understood pattern of trade. Before beginning this analysis, however, it
will prove useful to have a brief discussion of the integrated equilibrium, when transport costs for

both quality levels are literally zero.

5.1 The Integrated Equilibrium

Suppose that 77 = 71, = 0, so that Ay = A\ = 1. With no supply-side sources of comparative
advantage, there is nothing in our model to pin down the location of production. Factor-price
equalization and zero transport costs means that the different goods can be produced in various
combinations in the two countries, without consequence for any aggregate variables or anyone’s
welfare level. Although we cannot say anything about the pattern of trade, we can nonetheless
characterize the integrated equilibrium in terms of the total numbers of brands of each quality that
are produced and the average welfare of the different income groups.

In the absence of trade costs, the effective number of varieties with quality ¢; is the same in

both countries; i.e., ﬁzz = ﬁf = nzz + nf for ¢ = H, L. We can solve for these aggregate numbers
of varieties using the autarky equilibrium conditions for an economy with population N® 4+ NP
and an income distribution that is the composite of the separate distributions in the two countries.
This gives iy and 7y, the aggregate numbers of high- and low-quality products, respectively, that

are produced in the integrated global economy. Armed with these variables, we can calculate per
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capita demand in country k for a typical brand with quality g¢;, which we denote by Jf. That is,

- Ly (1) 6, (v)

18
i | (ag)" ¢y (y) + ()" 61, (y) 1

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 number of high-quality brands in the integrated equilibrium exceeds
the relative number of high-quality brands in the country’s autarky equilibrium. Otherwise, the
composition effect benefits the low-income groups in country k. The effect of an opening of trade
on the relative numbers of brands of the different qualities levels reflects both the biased nature of
growth when 0 # 01, and the demand effects of a change in income distribution from one with

the properties of the local economy to one with the properties of the global economy.

5.2 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 ¢; in country k is to break even, it must attain total worldwide sales
of z; = fiq;/0;. Each firms’ sales comprise its home sales—N kdf for a firm in country k—and its
export sales, which are a fraction \; of the domestic sales of a foreign firm. For firms producing
quality ¢; 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 domestic sales be
common to the two countries; i.e., N RdZR =N szp, as we have noted before.

But note that the per capita demand in country & for a typical variety with quality g; approaches
d7; as transport costs go to zero. The per capita demands of the integrated equilibrium are given
by (18) and are uniquely determined by parameters of the world economy. Only exceptionally will
it happen that N RJZR = NPdF for i = H or i = L. In other words, 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,
while a potential entrant at that quality level in the other country finds insufficient demand (at its
optimal price) to cover its fixed costs.

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 N RJZQ >N PJZD for products of quality ¢;; that is, the typical producer of a good
with quality ¢; makes greater sales in country R than in country P. With positive trade costs and
optimal pricing, each firm’s exports are 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 ¢; in country R must exceed those for a producer of that quality in country
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P.22 More generally, all production of goods with quality ¢; takes place in the country with the

larger domestic market for goods of that quality in the integrated equilibrium. We summarize in

Proposition 4 Suppose Nkcif > N%Zf forie {H,K}; k,{ =R,P; and L # k. Then, for Ty and

71, sufficiently close to zero, all goods of quality q; are produced in country k.

Let us apply Proposition 4 to some special cases that we have considered previously. Suppose,
for example, that ng () = Fgf () and N® > NP: ie., the countries share the same income
distribution but differ in size. Then, by (18), d* = dI for i = H, K. Therefore, N*d¥ > NPd%
and N RCWE > NPdF, so the larger country produces and exports all varieties of both the high-
quality and low-quality differentiated products. Now suppose instead that N® = N7 while FZZ2 ()
first-order stochastically dominates ng (:). Then df > df and d¥ < df, so the richer country
produces all of the high-quality goods while the poorer country produces all of the low-quality

goods. We record these results in

Corollary 1 Suppose that transport costs are small. (i) If Ff (y) = Ff (y) for all y and N® >
NP, then nz = n7LD = 0 and R exports goods of quality gy and qr. (it) If NR = NP and
FyR (y) < Fg) (y) for all y, then nz = n7L2 =0, R exports goods of quality qrr, and P exports goods
of quality qr,.

We can also readily examine the effects of a fall in trading costs in an equilibrium with special-
ization by quality level. Suppose, for example, that only R produces high-quality goods while only
‘P produces low-quality goods, as when the countries are of similar size and the income distribution
in R first-order stochastically dominates that in P. Since every consumer buys one unit of the

differentiated product of some quality level or another,
anL—l—nHa:H:NR—i—NP, (19)

where n; is the equilibrium number of varieties of quality ¢;, all produced in R for ¢ = H and all
produced in P for ¢ = L, and z; is the break-even quantity of sales per firm for producers of goods
with quality ¢; as before. This linear relationships 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, recogniz-

ing that ﬁ% = ngy, ﬁf = A\pnr, ﬁz = Agnpyg, and ﬁf = ny. Also, export sales per firm are

29 That is, for A; close to one,

R~ 2 (NRAR + \NPdP) — £
1 ( 1 ’L) f
and

7l R % ()\iNRd:R —&—NPdT) — fi

so NRdR > NPdl implies 7¥ > 7l , where ©¥ is the net profit of a typical producer of quality ¢; in country k.
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NP (1 — nLdf) /ng for a typical producer of a high-quality good in R and N® (1 — an}}) /ny, for
a typical producer of a low-quality good in P. The fact that total sales by each type of firm must
attain the break-even level gives us two more equations for ng and ny, one of which is redundant
given (19).3°

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 R (at the initial numbers
of brands). The shift in the composition of demand induces additional entry by producers of high-
quality goods in R, while some producers of low-quality goods in P are forced to exit the market.
Then, in both countries, the effective number of high-quality brands rises while the effective number
of low-quality brands falls. From (17), we see that the wealthiest consumers in both countries must
gain, while 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 low-quality goods
expands and that of high-quality goods contracts in each country, to the benefit of poor consumers

and the possible detriment of those who are well-off.

6 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 income 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 trans-
portation 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 while P produces all varieties of
low-quality products and examine a specific tariff of ¢ per unit that is introduced in country R.>!
In this setting with non-homothetic 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 = tnpdR, where d¥ is the per-capita demand for a typical (imported) 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, (3) implies that the per capita demand for a typical low-quality

product there becomes

JR — L ErR (n2)P" ¢, (y) e
nr (nL)aL ér (y) elr—tar 4 (nH)OH b1 () eran

30Details of these equations and their comparative statics can be found in the appendix.
31Tn this setting with specialization, a tariff on all imports in country R is indistinguishable from a tariff on imports
of low-quality goods.
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The per capita demand for a typical high-quality product in R is

g — LR (na)"™ S (y) €
na | (ng)™ ¢, (y) 09 4 (ngg) ™ Gy (y) eran

Note that r = tnLd7Lz = 1fp7Lz > 0, while r —t = —t (1 — p7L€) < 0, so the tariff-cum-redistribution
shifts demand in R from low-quality goods to high-quality goods, for given numbers of each type
of product. Consequently, the tariff induces entry of firms producing high-quality goods in R and
exit by firms producing low-quality goods in P.

How does the tariff affect the welfare of different income groups in country R? The average

welfare of individuals with income y in country R can be written analogously to (12) as

VR (y) = nff o (y) € +nfF oy (y) e,

Differentiating the expression for v™(y) at t = 0 and using (19) and the market-clearing condition,
n;T; = pZRN Ry pZP NP we can express the impact of a small tariff on the average welfare of those

with income y in country R as

R R R R

X [, AR Rl PR (y PR (y

0 () im0 = parpp 0072 0, LW oy 4 R R H7(z - sz)qL dt (20
PH AL PH PL

where p; = nz;/ (N® 4+ NT) is the fraction of consumers worldwide who buy a differentiated
product with quality ¢;. 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 R buys a greater fraction of high-quality goods and a smaller fraction
of low-quality goods than the average consumer in the world economy; i.e., p}% (Ymax) > py and
p7LZ (Ymax) < pr,- Therefore, if 8 > 01, the composition effect certainly benefits the richest income
group in country R. However, the 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 income from those who chose to purchase an imported, low-
quality product 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, p}} (Ymax) > p% and P? (Ymax) < p7L2 and
the members 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 qi > gr. This is because the tariff
transfers income from those 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
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of the differentiated good and quantity of the numeraire good. If the quality difference between
differentiated products is large, it may be that [p% (ymin) /p%] 4z > [pT (Ymin) /pF] gz, in which
case the redistribution effects of a small tariff serves to benefit even the poorest income group in R.
Indeed, the combined composition and redistribution effect can be positive for those with income
Ymin, in which case a tariff would raise the average welfare of every income group in R, despite the

absence of any terms-of-trade improvement.3?

7 Concluding Remarks

We have developed a tractable model of trade in vertically- and horizontally-differentiated products.
The model features discrete quality choices by consumers who differ in income levels and nonhomo-
thetic aggregate demands for goods of different qualities. The nonhomotheticity in demand reflects
an assumed 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 different varieties of a given quality of 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 environment. 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 varieties at
each quality level is determined by free entry in a monopolistically-competitive, general equilibrium.
Transport costs impede trade between countries that differ in size and in their income distributions
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
equilibrium.

We have used this framework to study the pattern of international trade. We find, for example,
that the reflection of country size in the trade pattern depends on the extent of horizontal product
differentiation at each quality level. If low- and high-quality goods are equally differentiated, then
the larger country among two with similar distributions of income will be a net exporter of both
types of differentiated products. But if varieties of high-quality goods are more dissimilar than
varieties of low-quality goods, the small country may be a net exporter of the latter. When two
countries have similar populations, the one that is richer (in the sense of first-order stochastic
dominance) will be a net exporter of high-quality goods and a net-importer of low-quality goods.
This prediction of the model is consistent with patterns observed in the data by Schott (2004),
Hummels and Klenow (2005), and Hallak and Schott (2008).

Our framework lends itself to analysis of the incidence of changes in the trading environment.
We can decompose 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 number of low-

32 A small tariff raises the average welfare of all income groups, for example, when the parameters take the values
that were used to generate Figure 3.
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and high-quality products—often benefits consumers at one end of the income distribution at the
expense of those at the other.

We have also investigated the impacts of tariff policy. In our setting, tariffs have no effect on
the terms of trade. They generate a composition effect while redistributing income across income
groups. For example, a tariff in a country that imports low-quality goods transfers income from
lower income groups—who disproportionately consume goods of lesser quality—to higher income
groups, who do the opposite.

Our framework could readily be extended in several directions. First, it would not be difficult
to incorporate several quality classes and additional countries. Then, the model could be used to
address Hallak’s (2006) finding that when a country exports goods in a product category to several
destinations, the higher-quality goods are directed disproportionately to the higher-income markets.
We can show, for example, that a unique exporter of a high-quality good will sell more to a richer
country than to a poorer country of similar size. Second, we could introduce direct foreign invest-
ment as an alternative means for firms to serve foreign markets. Then the model might shed light
on the spread of Chinese and India multinational corporations to other developing countries (see
Boston Consulting Group, 2006). Finally, the close affinity between our analytical framework and
the empirical literature on discrete-choice demands makes the model ripe for empirical application.

We hope to pursue these lines in future research.
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8 Appendix

8.1 Derivation of (10)

The pair of equations in (9) implies

1 l nit 'y () ] 1y l ni o (v) ]
0L On - 0r O
L | ngtép (y) +ny on (y) rH | nit o (y) +ng ép (y)
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[ s o) i on ) ] »
”%L o (y) + n?iH bu () ”iL o (y) + ”%{H bu (v) .

The term in square brackets can be written as

( n% 6, (y) + ¥ oy (y) )
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Since nyxy must be finite, the expectation will be zero if and only if (10) is satisfied.

8.2 Comparative Statics of the Autarky Equilibrium

Define .
NGg(y)

(ngzn)'™"" G (y) — (npzr)' ™ Gu(y)

so that (10) implies E [¢ (y;nr,nyg)] = 0. Since Gy (y) /G (y) is increasing in y, 91/0y > 0. Note also

that 0 /Ong > 0 and 9¢/dny, < 0

Y (y;nm,nr) = l(anL)gL +

8.2.1 DPopulation size
Divide the numerator and denominator of the expression in square brackets in the definition of 1 by N, to

define ¢ = 1) (y;ng,nr, N), where n; = n;/N. That is,

Gu(y)
(Rzw)' " Nor=0u Gy, (y) — (Rper)' ™" Gu(y)

Y (y;npg, g, N) = (ﬁLzL)eL Nz

If0y =0r, ¢ (+) is homogeneous of degree zero in iy, 7y, and N. With (8), this implies n;, = g = N. If
0 > 0L, v is increasing in both iy, and N. With (8), this implies iy, < N < fug.

8.2.2 First-order stochastic dominance

The fact that 9v /9y > 0 implies, with (8), 99 /dng > 0 and 9¢/Ony, < 0 that ny rises and ny, falls as the

income distribution shifts to the right.
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8.2.3 Mean-preserving spread

A mean-preserving spread in Fy (-) will increase ny and decrease ny, if ¢ (y;nm,nr) is concave in y. We

calculate

% - |:(anL'L)9L (ngzg) " gzgzg —nrxr + N} N (npam) =" (GL (y))

Since [GL: (y) /Gu ()] = (az — qu) [GL: (y) /G (y)] we have
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Therefore, §%¢/0y? < 0 if and only if

—0y G
ngry = —nper + N < (ngep)”™ (ngeg)' ™" ng)) ’

which implies that 9% /dy? < 0 if and only if

or nfr
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Therefore, if p; (y) > 1/2 for all y, a mean-preserving spread will increase ny and decrease ny,.

8.3 Comparative Statics of Trade Equilibrium with Incomplete Specialization
Let us define ¢* (y, ik, ﬁ’f;) analogously to 1 (), namely

1
NGu(y)
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where G;(y) = [z:/ (1+ X)) ™% ¢; (y), so that E* [1] = 0 for k = R, P. Now we use
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to solve for 7%, and substitute into G; (y) and ¥* (-) to derive
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It follows that di)*/dAz < 0 and therefore dik /d\g < 0.
Now consider an equiproportionate increase in 1+ Ay and 1 + Ar. Define #nf = n¥/N (1 + );), so that
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It is clear from this equation that an equiproportionate increase in 1 + Ay and and 1 + A has the same

k

effect on n; as an increase in V.

8.4 Equilibrium Numbers of Brands with Small Trade Costs

The aggregate demand condition is

N +Ngryg = NR+NP NW .

The zero-profit conditions imply
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We multiply the first of these equations by xy and the second by z, and subtract, to derive

ni op () — 20l I\ oy (v)
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Now we can follow similar steps to those used in the derivation of (10). Note that the first term in square
brackets is the same as the term in square brackets in that derivation, except that we have )\%H ¢y (y) in
place of ¢y (y). Therefore, we can replace N" using the aggregate demand condition and rewrite the first

term in square brackets as
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(nLﬂUL)eL + — — - -
[ (nazn)' ™" 2% 0p (y) = (npan) " 2y AN by (y

Similarly, the second term in the square brackets can be written as

NWII_JGHQSH(y) ] - ( )9L—1
( ) nrLxy, .

(nL-TL)GL + = - - =
l (nuzn) ™" ap " N or (y) — (o)™ 25" 6y (y

Therefore, the composition-of-demand condition can be written as

NPEP [W’} + NRER [zﬂﬂ -0
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where

NY g (A -
¢P = ny + 1-0x f 179LH O
zany " or (Y) —ny tron (Y) Ay
N ¢y (y) -
R a\y
P = |np+ -0, 0, _  1-0;
zany oL (Y) A —ng rrrog (y)

Note that dy* /dny < 0, which implies that the equilibrium is unique. Moreover, di)” /d\g < 0 and
dip™ Jd\g = 0. Therefore, dn” /d\g < 0.
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