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1. Introduction

In the past decade, researchers have highlighted important patterns in the quality of traded goods:? countries import more high-
quality goods from higher productivity exporters; wealthier nations import a higher share of high-quality goods, specialize more in
the production and exportation of high-quality goods; higher-quality goods are exported to more distant countries.> Those findings
have naturally called for a theoretical foundation that explains the quality of traded goods in the context of many countries, goods
and quality standards.

Those findings on the role of quality in trade patterns have spurred a recent theoretical literature. One strand, with a focus
on intra-industry trade (Krugman, 1981), has employed horizontal differentiation models and, for the purpose of discussing
product quality, has augmented them with idiosyncratic demand shifters.* A more recent strand has introduced features of vertical
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3 See Auer et al. (2018), Manova and Zhang (2012), Crozet et al. (2012), Fieler (2011), Hallak (2010), Choi et al. (2009), Hallak (2006), Hummels and
Klenow (2005) and Schott (2004), inter alia.

4 See e.g. Fieler et al. (2018), Picard (2015), Jaimovich and Merella (2012, 2015), Di Comite et al. (2014), Baldwin and Harrigan (2011), Anderson and
De Palma (2020), among others.

https://doi.org/10.1016/j.inteco.2024.100557

Available online 16 October 2024
2110-7017/© 2024 The Authors. Published by Elsevier B.V. on behalf of CEPII (Centre d’Etudes Prospectives et d’Informations Internationales), a center for research and expertise on the world economy. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://www.elsevier.com/locate/inteco
https://www.elsevier.com/locate/inteco
mailto:pierre.picard@uni.lu
mailto:alessandro.tampieri@unimore.it
https://doi.org/10.1016/j.inteco.2024.100557
https://doi.org/10.1016/j.inteco.2024.100557
http://crossmark.crossref.org/dialog/?doi=10.1016/j.inteco.2024.100557&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

P.M. Picard and A. Tampieri International Economics 180 (2024) 100557

differentiation in horizontal differentiation models in order to analyze the effect of income on the quality of traded goods.> It is
noticeable that this literature strongly differs from the vertical differentiation framework introduced by Gabszewicz and Thisse
(1979), Shaked and Sutton (1982) and Helpman and Flam (1987) who discuss the idea that producers supply more than one quality
versions of the same good so that rich and poor consumers end up purchasing different quality versions of this same good. In their
seminal frameworks, all consumers rank the quality versions of this good in the same way but they end up purchasing different
quality versions of it because of their different income situations. This idea seems relevant and well designed to discuss how countries
produce the same goods at very different qualities for other countries with different incomes (see De Lucio Fernandez et al. 2016
and Fontaine et al. 2020, among others).

The aim of the present paper is thus to make a further link between quality and trade in a vertical differentiation context that
is close to seminal frameworks presented above. Our first research question is about how to apply the above vertical differentiation
framework to a trade context with many goods. Our second question is to about to check whether the trade properties of such a
framework are in accordance with the main empirical results that we cite above. Finally, we want to explore new results that may
shed light on unexplored empirical trade patterns.

We propose an analytically tractable model with many goods and countries, where all industries are perfectly competitive and
vertically differentiated. This approach permits to discuss the presence of different product qualities in several markets, and the
resulting price dispersion over each variety. Each country produces a continuous set of goods with high and low-quality versions.
The same good can thus be exported with a high quality to some countries and a low quality to others, depending on the importer’s
income. On the demand side, consumers are endowed with non-homothetic preferences and purchase a single version of every good
from every country. While higher quality versions give higher utility, they are more costly to produce. For each variety, consumers
then compare the prices of each quality version with their marginal utility.

We focus on non-homotheticity along the “vertical” dimension: at a same price, all consumers prefer to acquire the higher quality
good over the lower one, because they rank intrinsic quality in the same way. In contrast, we abstract from horizontal differentiation,
whereby different consumers value different types of the same variety differently. Here, varieties are not substitutable with other
ones. Non-homotheticity with respect to quality is particularly relevant because income levels or willingness to pay play a central
role, while they are not strictly necessary in the analysis of horizontally differentiated goods.

The paper firstly brings a methodological innovation by proposing a class of quality and cost profiles that makes consumer
expenditures linear in the consumer’s inverse marginal utility. As a result, the trade equilibrium is governed by a set of linear
equations that can readily be solved and discussed.® To single out the effect of quality margins, we close off the extensive margin
from the analysis by fixing the number of varieties purchased by consumers. This restriction is necessary to evaluate the purchasing
decisions in terms of quality. Accordingly, productivity differences, population discrepancies and trade costs affect only the quality
margins of traded goods. Then, quality margins move in the same way as intensive margins do in the Armington (1969) model that
allows only for such adjustments. A major difference is that each country produces a set of differentiated goods with heterogeneous
costs and demands, which is consistent with trade data.”

The paper secondly brings a confirmation of the match between the theoretical framework and empirical evidence. Our
theoretical results indeed encompass all the empirical patterns we mentioned above. Average import prices are higher to countries
with larger per capita income and import prices are also higher for the goods shipped from more productive exporters. The
explanation is here simple. In markets with vertically differentiated goods, individuals in more productive countries have more
income to purchase higher quality imports from each country. Also, since workers are also more productive, they manufacture high
quality goods at lower relative costs, which makes their high quality goods more attractive to foreign consumers. Following those
results and explanations, richer countries trade more numerous high-quality goods with each other, as argued by Linder (1961).
In addition to explaining the empirical evidence, the presence of sectors with different degrees of vertical product differentiation
allows to verify the Linder hypothesis based on the industry composition of a country.® We find that goods with stronger vertical
product differentiation are more traded by high income countries.

Our framework is also suited to analyze how the quality of traded goods change with country productivity and population size.
We find that an increase in a country’s productivity entices this country to specialize in high-quality goods. This is because the
country is able to manufacture its high quality goods at lower relative prices. Productivity increases have different effects than
population increases. Indeed, a bigger population leads to wider consumption of local, high-quality goods, but it may lead to a
narrower range of high-quality imports. With a fixed number of varieties, local population growth increases labor supply for each
local good and therefore pushes wages down. Local consumers become poorer and substitute high-quality imports for high-quality
domestic goods. Interestingly, these results are consistent with those models with a focus on the extensive margin.

The model is consistent with the empirical effects of trade costs and distance. A fall in ad-valorem (iceberg) trade cost entices
countries to substitute domestic for high-quality foreign goods (Fan et al., 2015). It boosts exports of high-quality goods, increases
cif prices and finally raises utility everywhere. The model also leads to a gravity equation whose terms are consistent with the
literature.

5 This literature has developed random utility models where unit-purchase choices combine in continuous aggregates. Relevant examples are Verhoogen
(2008), Fajgelbaum et al. (2011, 2015) and Dingel (2017), who study two-country (North-South) models with a single good (or industry) per country and a
single quality version per good.

6 This restriction may reduce the generality of the model but it does not less than the usual preferences and cost assumptions used in the literature.

7 The extensive margins will be then reintroduced in Section 5.

8 A similar investigation has been developed by Fieler (2011), but assuming away product quality.
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Finally, the present paper extends Picard and Tampieri’s (2021) analysis of two (almost) symmetric countries subject to infinitely
small productivity and population shocks. These authors study the properties of marginal changes in the trade equilibrium by
linearizing the equilibrium conditions around a symmetric trade configuration. This paper uses the same preference and cost
structures, but it relaxes the restriction of two symmetric countries by evaluating the trade patterns of many asymmetric countries.
In the presence of many countries, our model fits the empirically relevant situation where exporters may sell different qualities of
the same variety to different trading partners.

Before proceeding further, it is essential to highlight how this paper departs from the existing trade theory literature on product
quality.

Related literature. The starting point of the analysis is to embed a model of vertical differentiation in the spirit of Mussa and
Rosen (1978) and Gabszewicz and Thisse (1979) and others into a trade framework. The paper is firstly linked to the general
equilibrium studies of trade under vertical differentiation. Early papers discuss the endogenous quality spectrum of a single good,
which makes them unsuitable to discuss intra-industry trade (Flam and Helpman, 1987; Stokey, 1991). By contrast, this paper
considers a continuous set of goods with two quality levels, which permits the study of intra-industry trade. Besides, these papers
explore vertical differentiation in a North-South setting where one country is endowed with a stronger productivity advantage
(Matsuyama, 2000). Instead, we study trade between a large number of not too asymmetric countries.

In contrast to these research lines, the present paper discusses trade properties using a novel and unexplored setting of costs
and preferences. We include a set of horizontally differentiated varieties produced in several quality versions, following the seminal
vertical differentiation literature initiated by Mussa and Rosen (1978) and Gabszewicz and Thisse (1979). Thus, our model elaborates
on preferences close to those discussed in Tarasov (2009, 2012) and Fieler (2012). In particular, Tarasov studies a continuous set of
varieties versioned in one quality each and sold under monopolistic competition. Conversely, we investigate the same set of varieties
versioned in two quality levels and, for the sake of simplicity, produced in perfectly competitive markets.

Many theoretical studies of quality in trade explain the empirical findings in micro-data with a focus on divisible goods, either
linear-quadratic or CES utility functions, and quality modeled as a demand shifter. In these frameworks though, consumption is
proportional to income (homothetic preferences) so that richer individuals and/or countries do not have higher consumption share
of high-quality products.’ The research on product quality and trade has become a search for a set of preferences that best reflects
observed patterns. Jaimovich and Merella (2012, 2015) propose an upper-tier homothetic CES preferences utility together with a
lower-tier subutility function that combines the log of quantity and quality levels. Like in the present analysis, richer countries
consume higher quality goods. Eaton and Fieler (2017) study two-tier CES preferences nesting horizontal and vertical dimensions of
goods. Their modeling differs from this paper as countries produce goods with a single quality level and goods are divisible. Others
have studied CES subclass of Hannoch preferences implying heterogeneous income elasticities (Matsuyama, 2019). Jaimovich et al.
(2023) extend Matsuyama (2019) to a framework that allows for vertically differentiated varieties. The present paper discusses trade
properties using another novel and unexplored setting of costs and preferences.

Finally, the present paper is related to the literature on competition and trade with demand based on non-homothetic preferences,
which does not necessarily refers to product quality issues, e.g. Fieler (2011), Behrens and Murata (2012), Simonovska (2015),
Foellmi et al. (2018), Bertoletti and Etro (2016, 2017) and Bertoletti et al. (2018). In particular, Bertoletti and Etro (2017) study
monopolistic competition with consumers endowed with additively separable indirect utilities. Quality is modeled by a shifter in
(sub-)utility functions which has the property that demand elasticity is invariant to quality. As in our analysis, they reproduce the
Linder hypothesis and show that higher local productivity pushes specialization in higher quality goods. However, in contrast to
our analysis, each variety cannot be produced and sold in many quality versions. The punchline of this paper is to study economies
where same goods can be sold at different quality levels as discussed in the seminal literature initiated by Mussa and Rosen (1978)
and Gabszewicz and Thisse (1979).

The remainder of the paper is organized as follows. Section 2 describes the model of vertical differentiation with many goods and
countries and presents the role of linear real expenditure. The trade equilibrium and its properties are examined in Sections 2 and
3, respectively. Section 4 discusses the model with ad-valorem trade costs and elaborates on the gravity equation resulting from this
model. Section 5 studies the conditions for the existence of an Alchian Allen effect, while Section 6 concludes. Appendices include
mathematical details.

2. Model
2.1. The framework

We consider an economy with N trading countries j € {1,..., N} populated by a mass M; of individuals who are each endowed
with s; labor units (skill), which can be interpreted as country productivity. The share of country j’s population in the world is
denoted as m; = M;/M where M = ¥, M;. Each country j produces a set of differentiated goods/varieties z; € [0, 1]. Each variety

can be produced only in one country, and the world number of varieties is equal to N. The key assumption of this paper is that
each good can be versioned with high or low-quality, denoted by k € {H, L}.

9 See references in footnote 3.
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Production Technologies are the same across countries and described by the labor input schedules for high and low quality
varieties,ayanda; : [0,1] —» Rg. Hence, following Armington (1969), a variety z g produced in country j requires ay(z ) and a; (z )
labor units for the high and low-quality version, respectively. Under perfect competition and in the absence of trade cost, the price
of variety z; produced in country j and sold in country i is equal to its unit cost:

pijk (2;) = ap(z)w;, k€ {H, L}, 1)

where w; is the wage per labor unit in the production country ;. Although varieties are perfectly differentiated within and between
countries, their production functions and quality profiles are the same in every country for the sake of simplicity.

Demands In country i, an individual earns the income w;s; where s; is her endowment of labor unit and w; is the price (wage)
of a labor unit. A variety z; yields a utility level by (z;) > 0 for its high-quality version and b, (z;) > 0 for its low-quality version.
For conciseness, we may refer to b, (z j) also as product quality. Every individual consumes a unit of every variety z; produced in
every country j. An individual in country i maximizes her utility

T80 (DR NCTPAEH) It

k=H.L

subject to her budget constraint

N o0
Z/ < > Pk (27) X (Z/)> dz; = w;s;,
j=171 \k=H,L
where p,;; (z;) > 0 is the (destination) consumer prices and x;;; (z;) € {0,1} the unitary consumption decision of variety z;. Note
that, additive utility would imply perfect substitutable goods in the context of divisible goods. However, in the present context of
indivisible unit demand for each variety, varieties are seen as independent from each other.

Replacing the prices by their values in (1), there exits a positive scalar y; such that the individual i buys the high-quality version
H of a variety z; if

by (zj)—ﬁa,{(zj)wj >bp (zj)—iaL(zj)wj, 2)

and the low-quality L otherwise. The scalar y; measures the inverse of the marginal utility of income and is equal to the inverse of
the Lagrange multiplier of the budget constraint.
By (2), the set of high-quality varieties produced in country j and consumed in country i is given by

H<ﬂ>z{zj : ﬁzf(zj)}, ®)
w; w;

where y;/w; is the marginal utility of income, and

_an(5) —a ()

£(z))= ———F=

by (2;) = br (2))

denotes the per-quality-unit labor input of upgrading variety z;. For the sake of brevity, we shall call this the “per-quality input”.
The sets of the purchased low-quality varieties is defined as £ (y;/w;) = [0, INH (u;/w;).

The above demand system requires to impose three conditions along this paper. First, we assume ¢’(z;) > 0. This is done without
loss of generality as one can always re-order the varieties z; from low to high values of #(z;). The strict inequality guarantees that
the identity ;/w; = £(z;) has a unique solution. Second, we require that all consumers buy a mix of high and low qualities, which is
fulfilled if and only if

2L e (¢ 0).£ (D). Vi.J. (A1)

J

) (€]

This condition allows us to discuss the identity y;/w; = #(z;) at its a interior solution. Finally, we haved assumed that all consumers
purchase all varieties in either high or low quality version ( x;;y + x;;;, = 1). This corresponds to the “full market coverage” condition
in the industrial organization literature on vertical differentiation. It implies the absence of zero consumption, which is a standard
assumption in the trade literature based on the Armington model.'° This assumption further implies that the set of consumed varieties
is exogenous so that there are no extensive margin effects. Shutting down extensive margins allows us to highlight the role of quality
margin.'! Consumers purchase all varieties if the input per quality schedule £ lies respectively above the schedules a; /b; or ay /by
when they buy the low or the high quality varieties. This is fulfilled if either

. ay(z;) .
M THE e B £z, (A2.2)
w; bH(zj) w;

10 A large bunch of the trade literature is based on Cobb-Douglas and CES preferences that always induce a positive demand for each good. The literature
also discusses other preferences that lead to product demands with choke prices that trigger zero consumption (e.g. quadratic or exponential utility functions).
Those preferences are however often combined with the assumption of high enough incomes so that choke prices are sufficiently high to induce a positive
consumption for each good. The literature includes few papers where consumers may not buy all available goods. For instance, Tarasov (2009) and Foellmi
et al. (2018) consider “0-1 preferences”, where consumers purchase one or zero units of each good. They, however, do not model and discuss quality.

11 Section 5 extends the baseline analysis with changes in the extensive margin.
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Panel a Panel b
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Fig. 1. Country /’s individual demand for high- and low-quality varieties from country j.

or,

LRSI (A2.b)
w; ~ bp(z)) w; 4
for all i, j. As u;/w; will be shown to be positively related to income, conditions A2(a) expresses that consumers should have a high
enough income to purchase the high-quality varieties when they wish to do so. Condition A2(b) states that their income should
be high enough to buy the low-quality varieties if they do not prefer the high-quality ones. A sufficient requirement for condition
A2(a) is £(z;) 2 ay(z;)/by(z)).

In the present model, where consumers purchase several varieties versioned in different qualities, the difference in quality margin
is in the number of high-quality goods purchased from home and imported. From the above definition, it is apparent that y;/w; is
a sufficient statistic for the mass of consumers’ purchases of local high-quality varieties # (u;/w;).

Panel a of Fig. 1 presents the schedule of per-quality input of varieties #(z;), z; € [0, 1]. Consumptions of high- and low-quality
varieties produced in a country j can readily be inferred for a consumer in another country i. This consumer has an inverse marginal
utility »; and purchases the sets of high- and low-quality varieties from j, H (y;/w;) = [0,z;] and £ (u;/w;) = (z;;,1]. The high
quality varieties have lower per-quality input and therefore lie to the left of the figure; that is, upgrading such varieties to high
quality implies lower cost increases or higher utility increases. Condition Al imposes the equilibrium to lie within the graph of #
(i.e. (#(0), (1)) while Conditions A2 constrain the equilibrium to lie above the curve ay(z /b (z)) or ag(z;)/b;(z;) according to
whether consumers purchase high or low quality varieties.

Panel b of Fig. 1 presents the consumption of the goods produced in country j by the consumers in a higher income country i
and a lower income one /. The set of high quality goods purchased by country i is again given by M (u;/w j) = [0, z;;] while the set
bought by country [ is H (u;/w j) = [0, z;;]. So, in this model, there exists a set of goods z € [z;, z;;] that are produced in country
Jj at high quality for country i and low quality for country /. This contrasts to many models that assume that a good is produced at
the same quality level for all countries.

Real expenditure Using the definition of the budget constraint, we can denote the expenditure on the set of varieties produced
in country j and consumed by an individual in country i as w;E (u;/w;) where we define the function

E(y)E/ aH(zj)dzj+/ ay(z;)dz;, )
H(y) LY)

that represents a consumer’s real expenditure on those varieties in terms of producing country’s wage when y is evaluated at y;/w;.
This expression measures the labor content in this set of varieties and is a function of the simple statistics x;/w;.

Trade balance To close the model, we express the trade balance condition for each country i, which equates the values of its
imports and exports:

Zm,-w,E(Z)—i) ZZM,wiE<Z)—I[>. (6)

I#i I#i

Trade statistics We conclude the section by establishing three measures of interest for the sequel discussion. First, the average
price of imports is given by

— Hi
Dij E/ w;a (z-)dz-+/ w;a;(z;)dz; :w-E(—). 7)
J Mo 1)) JEHAEIEL] £ (g /w;) JELAEjIRL) J w;
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Table 1
Assumptions and functional forms.
Assumptions: Resulting functional forms:
-1
Proportionate cost upgrades: 4 _ _«a ‘= B an = b L
ay a—1 aby a-—15b;
b
Proportionate utility upgrades: b—" = % r=af(0)—(a—-17(1)
L - z
Linear real expenditure: EQy)=y-r £(z;) = 00,0 4 Jo (ay () —ap(2))dz

b()

Second, the share of high-quality purchases in imported goods is equal to

& = f—l(”,/wj)d -
/waj) “ =/o zj =07 (wi/wy) .

where #~! is the inverse function of ¢ (i.e. #7'(£(z,)) = z,). Finally, the indirect utility writes as V; = Zj\’: V (4;/w;) where we
define

) 1
V)= / by (z;)dz; +/ by(z;)dz; = / by (z;)dz; +/ br(z;)dz;. (8)
H() L) 0 -l
As a result, the ratios y;/w; are also sufficient statistics for utility of imports in country i from country ;.

The above model builds on four classes of general functions for the utility and cost of high and low-quality goods (ay,a;, by, b;),
which yields high parameter dimensionality. By contrast, the literature usually builds on specific utility and cost distribution
functions that ease analytical tractability and narrow the parameter dimension to a bunch of scalars.'> We naturally follow this
strategy and here propose specifications on primitives that prove to be analytically tractable. This reduces the level of generality of
our analysis, but, in our opinion, it does not narrow the setting more than what the literature usually does.

2.2. A tractable specification

In this subsection, we present an analytically tractable specification of cost and utility that satisfies the above conditions about
the mix of high and low qualities and simplifies the discussion of trade equilibrium properties. The application of such a specification
constitutes the innovative element of our analysis. To ease the reading, Table 1 summarizes the chosen parameter values and
functional forms.

Proportionate upgrades Conditions A2 are readily satisfied under the natural assumption of proportionate cost and utility
upgrades. That is, ay/a; = af(a — 1) and by /b; = p/(p — 1) for the scalars f and a such that § > a > 1. In this case, whatever
the cost and utility profiles, we get £ = (/a) (ay/by) = [(B—1)/(a—1)] (ay/b.). So, the sufficient condition for A2(a) (£ >
ay /by) holds. Similarly, the condition A2(b) is met if y;/w; > [(a -/B- 1)] Z(1). The latter condition is satisfied for any value
of g sufficiently higher than «, which we assume.

Linear expenditure We assume linear real expenditure functions, where the real expenditure function is a linear function of the
marginal utility of income, i.e., E’(y) = 1. As a consequence, the general equilibrium is the solution of a set of linear conditions
of inverse marginal utility, which will ease our analytical discussion of trade properties. This condition imposes a single functional
restriction on the primitive functions (ay,a;, by, b;). In particular, we show in the Appendix that this condition imposes that the
per-quality input is given by

z
£(z)) = M + / " (an (@) - ap () dz ©)
(] 0
where b, = by (0) — b; (0)is a positive constant. Then, by (4), one can recover the utility gain from quality upgrades satisfying
E'(y)=1 as
a Z;)—a Z;

by (z;) = b (z)) = %J)L(j)
where £(z;) is taken from (9).

The expression (9) is actually the per-quality input schedule that we have defined earlier. It increases in z; and now depends
only on the profile of upgrade costs. Such a primitive on utility imposes that quality upgrades should be substantial for goods that
have substantial cost upgrades, which seems to be an acceptable and intuitive assumption. In this specification, the schedule #(z;)
expresses the property of underlying cost distributions.

12 Typically, the CES utility functions can be summarized by its single parameter of constant elasticity of substitution. Firm costs can be defined by a Pareto
or Fréchet distribution functions that are summarized by a small bunch of parameters.

13 1t is shown in the appendix that a linear per-quality input schedule #(z) reflects a uniform cost distribution across varieties while more convex schedules
reflect stronger cost dispersions.



P.M. Picard and A. Tampieri International Economics 180 (2024) 100557

Table 2
Pareto cost distributions.
Assumptions on cost: Resulting functional forms:
C.df.: F (@) = 1_(0(\k/Ek)K , k>1 au(Z,)—aL(Z,):ao(l—Z,)fl/r
~ 1 a—1
Support: a, € (ag, ) r=a, bf() 1z l/K]

1= =z)-1/x

Lo %
Quality difference:  a, = ayy — ag;. £(z)) = b +4q = 1/x

To understand the application of this specification, suppose that the cost profiles a;; and a; are empirically given. Then, we
can choose the constant b, which determines the per-quality input profile £(z;). We can finally freely choose the low quality utility
profile b;, which will determine the high quality utility profile b, by the above expression.

Under this specification, it can be shown that the real expenditure function writes as E(y) = y — r where

r=af(0)— (a —1)2(1).

For the sake of exposition, we assume that r > 0 in the sequel, although most results hold for not too negative values. It requires
that the per-quality input does not differ too much across varieties. In terms of the above properties, it is shown that this requires
a small enough b,, a small enough « or a weak enough cost dispersion (see Appendix).

Those specifications restrict only three profiles out of the four utility and cost profiles (ay, a;, by, b;) and relate them according
to the scalar parameters «, # and b,. Hence, one profile remains free. For instance this profile can be the cost profile a;. Hence,
many cost primitives satisfy those assumptions.

For the sake of example, Table 2 presents the application to Pareto cost distributions and reports the associated cumulative
probability distributions and supports for the costs of each quality k € { H, L}. Each distribution is defined by its dispersion parameter
x and lowest labor input parameters ayy; and g;;. The second column reports the resulting functional forms for the difference
between high and low quality labor input and “per-quality input” and our real expenditure intercept r. The latter is positive if and
only if by < (1 —1/k) /(« — 1). This confirms the above discussion as r > 0 requires a small enough b, a small enough « or, a high
enough « which implies sufficiently high concentration on low cost levels. Notice, though, that none of our following results will
depend on this example.

Expenditure and balanced trade Under those specifications, the total expenditure of an individual in country i simplifies to

N N
Ei=2ij<ﬁ>=N,ui—r<ij>. (10)
j=1 wj j=1

To balance budget, expenditure E; should equal to incomes s;w;. Using this in the above identity for real expenditure, we have
N
s, r .
#i_TJFFg;w”’E{I""’N}' an

The inverse marginal utility of income y; reflects the consumer’s incentive to purchase an upgraded quality version of the good
amongst her basket of low-quality goods.
Finally, adding m;w; E (y;/w;) on both sides of (6) and substituting (10), the trade balance condition becomes

N N
Xomi (wy—rwy) = Y my (= rw;), i € {1,...,N}. (12)
=1 =1

To sum up, our model is characterized by two sets of Egs. (11) and (12) that are linear in w; and y;, i € {1,...,N}.
Application to trade statistics We can apply those specifications to the above three measures of interest. First, the average
price of imports is given by the linear function

Pij = Wi —TW;.

The share of high-quality purchases in imported goods is still given by ¢~ (u;/w j), which shape depends on the underlying cost
functions. The indirect utility finally writes as V; = Zsz \V (u;/w;) where

Vo) =lny+pIn£0) +(f - Dns(l). (13)

Hence, under linear real expenditures, the indirect utility is a function of the logs of the statistics y;/w; plus a positive constant.

To sum up, this section specifies cost and utility primitives such that cost and utility upgrades are proportionate and real
expenditure is a linear function of the inverse marginal utility. As shown in the sequel, the first property is used to verify the
conditions of the existence of the general equilibrium. The second one is used to show its uniqueness and establish all the analytical
trade properties. It is important to note that the linear expenditure assumption is not a knife-edge case. It embeds many examples
of cost and utility specifications, like the Pareto cost distribution. To the best of our knowledge, the use of such properties is novel
in the literature with non-homothetic preferences.
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2.3. Equilibrium
A trade equilibrium is defined by

+ the profiles of prices py(z;) and p,(z;) that make firms break even Eq. (1) in every country j € {1,..., N},

« the vector of inverse marginal utility of income y = (y, ..., uy) that matches individuals’ optimal consumption choices at
given prices Eq. (11),
+ the vector of unit wages w = (w, ..., wy) that balances trade conditions (12),

+ consumers buy all varieties and a mix of qualities at the equilibrium (Conditions 1 and 2).

Since unit wages directly determine prices, it is sufficient to check the 2N conditions (11) and (12), which are linear in 4 and w.
Given demand homogeneity of degree zero and Walras law, the equilibrium is the solution of 2N — 1 equations and 2N — 1 values of
w and p. In the sequel, we concentrate on the relative unit wage and the marginal utility of income w;/w; and y;/w;, respectively.

Conditions (11) and (12) gives the following unique solution for relative wages
w; m;s;+r
=2l (14)
w; m;s; +r
The above first identity is remarkable because it is mainly expressed in terms of the countries’ labor supply, m;s;. Relative unit wages
between two countries w;/w; are inversely related to the ratio of their labor supplies. Intuitively, more abundant labor supplies push
the price of labor units down.
Given the above, one gets the relative inverse marginal utility of income:
N
; w; w,
a1 Dgery L) (15)
w; N\ w; = w;
Thus, the incentive to purchase high-quality goods in country i from j, u;/w;, increases with the individual’s productivity s; and
relative unit wages w;/w; between countries i and j. The last identity can be re-written as a function of the exogenous variables as
N
. m;s; +r m.s. +r
oo (I si+r2 J/ . (16)
w; N\ ms;+r = ms +r

Hence, if it exists, the equilibrium is unique. The restrictions for the existence are Conditions Al and A2. For readability, we focus
on the existence of a trade equilibrium with symmetric countries where m; = m and s; = s. We remind that, under proportional
utility upgrades, # measures the utility upgrade that every variety brings: f=1/(1-b;/by).

Proposition 1. Suppose countries with symmetric populations and productivities and suppose sufficiently high utility upgrades: that is,
(B=1)> (@=1)£(1)/£(0). Then, a trade equilibrium exists and is unique for ' a; (z)dz < s/N < (a/(@—=1) [ a; (2)dz.

Proof. At the symmetric equilibrium, we have y;/w; = y = s/N + r by (16). Conditions Al and A2 impose the two conditions
€ @©,£1) and g > [(@—1)/(f—1)]#(1). The RHS of the second condition is lower than #(0) if and only if (§ — 1) >
(a = 1)Z (1) /£(0). Under this requirement, the second condition does not bind when the first one holds. Then, a trade equilibrium
exists and is unique for s/N +r € [£ (0), £ (1)]. Using the value of r, we get the condition: s/ [N (£(1) — £(0))] € (« — 1, a). Using the
definition of #, we further get the condition in the proposition. For example, in the case of Pareto cost distributions, the equilibrium
satisfy conditions Al and A2 if ay; (1 —1/x) <s/N < (a/(a — 1)ay (1 = 1/x). [ ]

The symmetric country trade equilibrium exists for a non-zero measure of productivity levels. However, an individual’s
productivity and, in turn, income must rise with the number of countries because, in this Armington model, consumers are required
to purchase all varieties from each country. This assumption contrasts to usual models with divisible goods. Finally, by continuity,
trade equilibria exist for not too asymmetric country productivities. Notice that this assumption is loosened in Section 5, where the
extensive margins of trade are active.

In what follows, we assume a set of parameters such that a trade equilibrium exists. We now turn to the discussion of the
properties of trade equilibria.

3. Country characteristics

In this section, we analyze the equilibrium properties. We first consider the trade properties between country pairs because of
their application in empirical studies. We then focus on the effect of changes in the countries’ productivity and population sizes.

3.1. Country pair properties

In this subsection, we compare the trade patterns of two countries with respect to a third trade partner. Such an approach is
often used in econometric works to isolate the effects of each country’s factors from the rest of the world. First note that, by (14),
a higher productivity s; in country i reduces its unit wage relative to any other country. This effect occurs because its labor supply rises
while the mass of local variety does not change.
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3.1.1. Exports from the same origin
Take two countries, i and j, importing from the same exporting country / (I # i # j). Then, by (15), we can write

ﬁ_ﬁ=im<m_l>, a”n

w, w, N w w;s;
so that
. Hi w:s:
w; — w w;s;

Therefore, given that y;/w, is a sufficient statistic for the larger share of high-quality varieties and its associated utility, the last
condition states that a country with larger per capita income imports a larger share of high-quality varieties from country | and gets a more
substantial utility from its imports from country I. The intuition is simple: in markets with vertically differentiated goods, individuals
working in more productive countries generate more value and spend it on the higher quality imports. This result is corroborated
by some recente empirical evidence, see Auer et al. (2018), who also explain it theoretically using a vertical differentiated model
in a partial equilibrium analysis. Here, we show that this finding applies also with a general equilibrium framework. By (7), it can
further be shown that average import prices rank such as
Dil Z;ﬂ = Ll:_l, > Z}_j,

Therefore, the average import price is higher to the country with larger per capita income. Empirically, one should find a positive
correlation between import prices and importer income per capita. In addition, by (14), the ratio of income per capita can be
related to exogenous productivity parameters as

ws; s;/ (m,-si +r) (18)
wisj s/ (mys; +r)

This relationship implies that more productive countries import a larger share of high-quality goods and have higher average import

prices.

Finally, consider the case where the total income of the importing countries is the same, but per capita income and population
size differ. This implies m;s; = m;s;, which holds for many combinations ofmand s. Substituting m;s; = m;s;into the ratio of income
per capita (18) one gets

w;s; s;/ (mis,- + r)

= . & ws
w;s; sj/(m,-s,-+r)

=w

When total income is the same but per capita income and population differ, equilibrium requires that nominal wages are the same
in the two importing countries.

3.1.2. Imports from different origins
Take a country / that imports from two different exporting countries i and j (! # i # j). Then, by (15),

N
Hi H 1 1 1
———==(—=-— )| ws + wy ).
oo (s w)( 'y )

J k=1

So, we have
U u w; m;s;
w; w; w; m;s;

Therefore, country / imports a larger share of high-quality products from the country with a higher labor supply. Controlling for
exporter sizes, country | imports a larger share of high-quality varieties and thus have higher expenditures for the varieties manufactured by
the more productive exporters. Intuitively, high-quality goods are manufactured at lower relative costs in more productive countries
and therefore more attractive to importers. Thus, lower relative prices also make the low-quality goods less attractive compared to
high-quality ones.

Using (7), one shows that average import prices rank such as

pi2p; <= w Sw;

Therefore, the average import price to country [ is higher for the goods shipped from more productive exporters. Empirically, this leads to
a positive correlation between exporter income per capita and unit price, as shown in Eaton and Fieler (2017).

3.1.3. Linder hypothesis

The above arguments concur to the Linder’s 1961 hypothesis according to which richer countries trade more numerous high-
quality goods with each other than poorer ones. Indeed, from Section 3.1.1, two rich countries (i, j) export more high-quality goods
between each other than to a third poorer country / if their incomes per capita are larger than the poorer country /” one. From
Section 3.1.2, controlling for population sizes, they also import more high-quality goods between each other than from the third
country if they are more productive than the poorer country /. Hence, more productive and therefore richer countries trade more
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high-quality goods between each others. The high-income countries therefore specialize in the production of higher quality goods and trade
more of those, which confirms Linder (1961).

In addition, our model allows us to evaluate the Linder hypothesis over goods with various degrees of vertical product
differentiation. To fix ideas, consider two goods z; and z;. (z; < z}) such that the technology gap between quality versions is smaller
in the former: ay(z;)—ar(z;) <a H(z;.) —a L(z;.). Hence, those goods exhibit increasing vertical product differentiation between their
high and low quality versions. Then, by the above argument, this model predicts the more differentiated good z’. is more likely to
be imported by a high income country than by a low income nation. In other words, the Linder hypothesis is strengthened by the
degree of vertical product differentiation. This result relates to Fieler (2011) who finds that high income countries trade more of
the highly differentiated goods in a model with horizontal differentiation.

We now study the effects of productivity and population size on the changes on the consumption of high-quality varieties.

3.2. Productivity changes

Consider an increase in country i’s individuals number of labor productivity units s;. Then, country’s labor supply m;s; rises, and
its unit wage falls relative to other countries as we compute
d(w;/w; m; (m;s; +r
) __mloztr) 10
Si (m,-s,- + r)

This effect depresses its relative prices and makes the country more competitive in international markets. Although those individuals
obtain a smaller price for their labor units, they increase their labor endowment, which rises their income relative to other countries:
S W; m;s; +r
d (4) - L BT s
dsi \sjw0; ) 8j (mys; +r)
As a result of (19), every other country j # i imports more numerous high-quality goods from country i, substituting for the
trade of high-quality goods with third countries / # j # i. Indeed, one can compute the changes in high-quality imports into country
j from countries i and [ # i as

N r+m;s;
d (u;/w;) . Sj+r21=1,1;eiﬁ > 0 and d (u;/w;) _ r(mys; +r) <0
ds T N (rems)) B N(ms+r)

At a given wage, country i’s workers benefit from larger incomes and from cheaper production of local high-quality goods. But,
although their relative unit wage falls and import prices become higher relative to their incomes, they import a wider range of
high-quality goods as indeed,

d(u/w;) r(l —m;) (r+ms;)

ds; N(r+mis[)2

They, however, purchase a broader range of local high-variety goods as

d(u/w;) < Al m~s-+r>
e ST ) so.
I=12./#i

ds; N mys;+r

Proposition 2. In the equilibrium of trade network with N countries, a rise in productivity of country i entices this country to specialize in
high-quality varieties. Consumers from country i purchase a wider range of local and imported high-quality varieties. Other countries import
more high-quality varieties from country i and less from each other.

One consequence of the proposition is that the average quality of home imports increases when home productivity rises. The
result supports Jaimovich and Merella (2012).

3.3. Population changes

Consider an infinitesimal increase in country i’s population size, dM;. Keeping constant other countries’ populations, this impacts
the population ratios of all countries as follows:
M;+dM, M, dM,

am = LtV M) S
S MydM, T M (1=m) =7

M; M; dM;
dm; =

—_— =~ —-m;,—.

I M+dM;, M M

It increases country i’s population ratio m; and decreases other countries’ m;, j # i, in proportion to global population changes
dM;/M and initial population distributions. Combining this with the effects of population ratios on y;/w; we can establish the

10
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following comparative statics properties. First, there is a decrease in wage for country i relative to other countries j # i.!* This
effect occurs because country i’s population growth raises labor supply and decreases local production cost and product prices.
As their local prices fall and import prices rise, individuals in country i have an incentive to augment their consumption of local,
high-quality varieties. We indeed show that d (y;/w;) /dM; > 0 while d (u;/w;) /dM; < 0 if countries’ labor supplies are close to
symmetry (s;m; = s;m;).

Proposition 3. A rise in the population of country i in a trade network with N countries brings about

* a decrease in unit wage for country i relative to other countries j # i;

* arise in country I’s unit wage relative to country j’s if | has a larger effective labor supply than j (m;s; > m;s;);

» arise in country i’s consumption of its local high-quality varieties;

* a decrease in the range of high-quality imports consumed by country i’s consumers, if countries are sufficiently symmetric.

The first line of Proposition 3 is intuitive. A larger domestic population increases labor supply in country i and reduces local
unit wages. Therefore, the growing country incurs a fall in its unit wage compared to each other trade partner. By the same token,
other countries have a rise in their unit wages relative to country i.

The terms of trade between each other countries also change: a country / has a rise in its unit wage compared to country j if
it has a more abundant labor supply m;s; > m;s,. Moreover, the fall in wages negatively affects domestic consumers’ purchasing
power so that they buy fewer high-quality local goods.

The effects of a rise in country i population on high-quality imports are unclear. The first part of (27) in the appendix, is always
negative, reflecting the fall in unit wage due to the increase in supply in country i. The second effect in the second part of the equation
is ambiguous, and it is determined by the differences in the effective labor supplies of other countries, which affect the interplays
of wages among countries. Suppose, for instance, that country j has the highest effective labor supply of the whole economy. Then,
purchasing goods from country j becomes more expensive for country i consumers, who reduce the number of high-quality goods
imported from j. If conversely, country j has a very low effective labor supply, the effect due by the difference in the productivity
of other countries might be positive for high-quality import of country i and might also compensate the fall in unit wage.

Finally, if countries are symmetric, the increase in population depresses the range of high-quality goods purchased by country i.
In this case, the effect of differences in productivity is nil, leaving the fall in purchasing power, driven by the decrease in country i
wages.

4. Trade costs

In this section, we consider how the quality of traded goods change with trade costs. We focus on symmetric (iceberg) trade costs
7;; 2 1 where a share 1/7;; of each good arrives at destination i after shipment from country j. Trade costs are symmetric across
countries and nil within countries: z; = 7;; and 7; = 1. Accordingly, the (destination) consumption price of an unit z; imported
from country j to country i is given by p;;(z;) = 7;;w;a,(z;), k = H, L. Using the same argument as in Section 2.1, an individual in
country i with inverse marginal utility y; purchases a high-quality variety z; if y;/(z;;w;) > #(z;) where #(z;) is the per-quality-unit
input schedule defined by (4) in the absence of trade cost. The incentive to purchase a high-quality good is then given by the
statistics y;/(7;;w;): the higher this is, the wider the range of consumed high-quality imports. Ceteris paribus, a higher 7;; entices
consumers to reduce their range of high-quality goods.
Expenditure and balanced trade Following the previous procedure and using the above definition of E, the expenditure of an
individual in country i for goods produced in j is successively given by

E,-jE/H< ¥ >rijwjaH(zj)dzj+/£(H

Tjjwj Tij Wi

= ‘rijij <T#;0 )
ij*j

_— ( ti )
B Aad] -
T W;

= p; — rr;w;.

) T;w;iap(z;)dz;

. . . _ _ w«N .
Income is equal to total expenditure: w;s; = E; = 37, E;;. That is,
N
w;s; = Np; —rZTijwj.
Jj=1
This gives the incentives to purchase as a function of relative factor prices and trade costs:
N
Hi 1 S w Ty Wy
7 W; Nrjw;, N = T w;

(20)

14 We show in the Appendix that d (w,/w;) /dM, <O0.

11
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In country i, trade balances the value of imports and exports as

Hj
ZmTqu szTJIWE T w )
1

J#i J#i Ji

’JJ

Given the linear expenditure function, the balanced trade condition simplifies to

N
Zm, rruw] Zm —rT; w;) .
j=1

It is useful to denote the country i’s average ad-valorem trade cost 7, = 1 + Z,A; , m; (r;; — 1) that measures the remoteness of the
consumers of country i’s goods. Hence, the relative factor prices and incentives to purchase high-quality goods simplify to

w.  m;s;+rt;
=l en
wj m;s; +rt;
. m;s; +rr m;s; +rr
L S LT Z . 22)
T;w; Nty \ mys; +r7; m,s,+rr,

Those expressions compare to the ones without trade costs.
Trade statistics We finally recall our three measures of interest. The share of high-quality purchases in imported goods is
given by

(2
H(M,/Ti/wj) T’ij

and the indirect utility in country i simplifies to

V= z (w).

where the functions #~! and V' have been defined in Section 2.2 As a result, the ratios y;/7;;w; are also sufficient statistics for the
share of high-quality goods and the utility from imports. Because of trade costs, the average import prices must be distinguished
by whether they are evaluated at origin or destination. Following international trade terminology, freight on board (fob) prices do
not include trade costs while cost, insurance & freight (cif) prices include them. Exports are most generally reported in fob values
at the borders of exporting countries and imports are denominated in cif prices at the gates of importing countries. As a result, we

extend our earlier definition of average prices as

—fob Hi 1
e =ij<T_—;}_> = L (=), 23)
1y 1
cif —fob Hi
ﬁjjl = ijpij =Tijij<T..l;}.> =,4i—rrijwj. (24)
LA

4.1. Symmetric countries

To highlight the impact of trade costs, we firstly consider the case of symmetric countries and trade costs where s; = s, m; = 1/N,

7, =1,i#jwhile7;=7=1+(~1)(N -1)/N. Then, the equilibrium conditions simplify as
G, B gy (N - 1)] and 2 = [S+’+r(1v—1)]. (25)
w; w; N w; N

It can be shown that a unique equilibrium exists for large enough # and not too high trade cost r (see Appendix). If the latter
condition does not hold, import prices are too large and consumers have incentives to purchase no foreign high-quality varieties.

The identities in (25) imply that a global fall in ad-valorem trade cost (lower 7r)induces workers to consume fewer local high-
quality goods (u;/w; falls) and a larger share of high-quality imports (u;/ (z;;w;) rises). Denoting unit wages by w, the average fob
and cif prices compute as

Ef;’b = % (S+r —r) andﬁlcj'f = rﬁf;’b —(s+r—rr)

So, both average prices rise with the fall in trade cost. Lower trade costs indeed induce consumers to import a larger share of
high-quality goods, which pushes up the average fob price. Interestingly, the average cif price rises. Consumers increase more their
expenditure on import than what they save on trade cost. This effect occurs because they reduce their purchases of local high-quality
goods. The country utility successively computes as

V= NIn2 _ (N - 1)Int + constant
wi

=Nln[s+r+rc(N—-1)]- (N —1)Inz + constant’.

12
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The first and second terms express the impact of local consumption and the effect of trade cost on imports. It can be shown that
the utility falls with r when the trade equilibrium exists. By a continuity argument, the same properties apply for not too dissimilar
countries.

The following proposition outlines the effects of a variation in symmetric trade costs.

Proposition 4. A fall in trade cost induces each country to consume a smaller share of high-quality varieties from home and a larger one
from abroad. It boosts exports of high-quality varieties, increases both average fob and cif prices, and raises utility everywhere.

This proposition confirms the existence of gains from trade in the general equilibrium context of vertical differentiation and
many goods. It further highlights the trade-off between quality and trade cost for fixed number and quantity of goods consumed.
Thus, it complements the trade literature about the trade-offs between trade costs, intensive and extensive margins of trade. This
result is in line with recent evidence showing that a tariff decrease pushes the country’s producers to increase the quality of their
exports (Fan et al., 2015).

Whereas the above text discusses the effect of a uniform bilateral trade cost, we now study the effect of discrepancies in such
cost. Hence, we consider the same country pairs as in Section 3.1 but add idiosyncratic bilateral trade costs.

4.2. Exports from the same origin

Take two countries i and j importing from the same exporter / (I # i # j). We know that high-quality import shares and utility
from those imports depend on the incentives to buy high-quality goods y,/ (;w,) and y;/ (r;;w;). Interestingly, the comparison of
average fob import prices also depend on those ratios since, using (23), one gets

_ _ i Hj
pflob > P?l)b — Hi > J
TjjWwyp 7wy
Then, cross-country comparisons between high-quality import shares, utility and average fob import prices can be studied with
the differences in incentives to buy high-quality goods. By (20), the incentives to purchase high quality goods are ranked such that
N N
. U; W T W SiW; T, W
Hi > J P S; 1+r2h_1 ih h> J /+r2h_1 jhh

Tpwp T T Til Tj1 Tji

which reduces to (17) in the absence of trade cost. In this expression, the term ZLI 7;,wy, reflects the average trade cost of importer
i to its trade partners and has the same function as Anderson and Van Wincoop’s 2003 “multilateral resistance”. The comparisons
between high-quality import shares and average fob import prices then depend on incomes, bilateral trade cost and average trade
costs expressed in the last inequality. For the sake of exposition, let us focus on the share of high quality imports. On the one
hand, it is larger in country i when the first term on the LHS is larger than the one on its RHS. This occurs if that country has
higher per-capita income s;w; as already discussed above, and also now, if the country has lower bilateral trade cost z;;. So, a lower
bilateral trade cost has a first effect to augment the share of high quality imports because it decreases prices and entices consumer
to purchase higher quality goods. On the other hand, the share of high quality import is also larger when the second term on the
LHS outweighs the one on the RHS. That is, when the bilateral trade cost gets small relatively to the average trade costs. When
trade costs are interpreted as geographical distance, this means that the country imports higher quality goods from the exporters
that are relatively closer in their trade network. Hummels and Skiba (2004, p.1387), Manova and Zhang (2012, Table 2), Crozet
et al. (2012, pp 630-631 and Section 5) and others empirically verify similar effects of distance and remoteness.

4.3. Imports from different origins

Now, consider a country / that imports from two different exporters i and j (I # i # j). Using (23), we obtain the following
conditions on the ranking of average cif price:
—cif > —cif

P _p,j = 1 STU.

Therefore, the average cif price is higher from an exporting country with a lower bilateral trade barrier. The prices of low and high
quality goods are lower but consumers have an incentive to upgrade the set of goods imported from that country at the expense of
the goods imported from other countries.

To compare high-quality shares and utility contributions of imports from various countries, we can establish the following
inequalities:

U U w;T; m:s.: T, m i
_[Z_[ — '_I'Sl = #+r_'2_+r_’

W TW; w;Ty; 7

1
which collapses to the comparison under no trade cost if 7;; = 1 i, j. The trade cost adds two effects that correspond to the two terms
on each side of the last inequality. First, it mitigates the productivity advantage of the exporting country s;: a higher productivity
exporter sells higher quality goods as long as it is at a close distance from the importing country (first term). Second, it reduces its
exports if its bilateral distance z;; is relatively larger than the average distance to its trade partner 7; (second term). In geographical

terms, the country ships higher quality goods to the countries that are more central to the geographical center of its trade network.

13
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4.4. Gravity

We end up with the discussion of the traditional gravity equation that expresses trade values as functions of local incomes and
distances. Country j’s export to country i is captured by the expenditure and number of high-quality variety, which increases with
the statistics y;/ (rj,-w j). The (nominal) expenditure on import from j to i (at cif prices) is given by

u 1 <
El.cjll =7,w,E < ! ) = —s;w; —re;w; + -z zr”w,.

i i
7ijWij N NE=

From this expression, it comes that trade expenditure rises with importer’s higher income per capita s;w;, higher exporter’s unit
wage w;, lower bilateral trade cost 7;; and higher remoteness, here measured by Z,’i L Ty

The above gravity equation includes exporter’s unit wage rather than income. We can substitute unit wage by income using the
following procedure. Assuming that trade cost is paid in exporting country’s labor, we note the national income is sequentially given
by

N
_ cif
Y, =3 my
h=1

| N N N N
r
= — mys,w —rw-2m1-+—22mrw
NZ hShWh j hthj TN hThi1 W)
h=1 h=1 I=1 h=1
N

1]
z|—
M=

>
i
T

- r -
mpSpWy —rw;t; + N Z TW;.

So, we can extract the unit wage as

N
w/-:é —Yj+?+L Tw;
rT; N

where Y = % Z}’:;l Y, = % Z,’Ll mys,wy is the average world income.
We finally plug this back to the gravity equation, which gives

cif _ 1 Tij > r al - r al
El.j = —s;w; + g [Yj -Y - ~ ;T,wl] + ~ ;T”w,.
The per-capita import expenditure rises with higher importer’s per-capita income s;w; and now with higher exporter’s national
income Y;. Hence, the size of the exporter matters. Note that the squared bracket term is negative if exporter j has a national
income no higher than average or/and countries are close to symmetry. In that case, the import expenditure falls with bilateral
trade cost 7;; and increases with the remoteness indicators 7; of exporter j. The last term Z,’i | Tuw; is the remoteness indicator
associated to importer i, which is pinned down as the “inward” multilateral resistance in Anderson and Van Wincoop’s 2003 and
reflects a rise in expenditure due to importer’s remoteness to its trade partners.

5. Alchian Allen conjecture

The previous section discussed the role of ad-valorem trade cost in the quality composition of traded goods. Such trade costs do
not explain the Alchian and Allen (1964) effect according to which exports are biased towards high-quality goods for more distant
trading partners. The effect is apparent in the trade data where fob export prices rise with distance from the U.S. to its trade partners.
Hummels and Skiba (2004) empirically highlight this effect and provide an explanation through the existence of unit trade costs
that accrue on each good independently on their value. When unit trade costs increase, consumers are enticed not only to purchase
fewer goods in total but also to consume relatively fewer low-quality goods. This effect occurs because a rise in unit trade cost has
a relatively stronger impact on the low-cost low-quality version of a good than on its corresponding high-cost high-quality version.

To encompass the Alchian and Allen conjecture, we must change our model by allowing endogenous extensive margins consumers
so that consumers may not purchase all varieties from each producing country. To fix ideas, we focus on Hummels and Skiba’s 2004
partial equilibrium analysis by fixing relative prices w; and inverse marginal utility y;. For the sake of generality, we resume to the
model with general primitives a,(z;) and b,(z;), k = L, H, and assume an identical unit trade cost 7 so that consumer prices become
pij(z;) = (a4 (z;) + 1) w;. Like for ad valorem trade costs, the per-quality input #(z;) can be shown to be independent of the unit
trade cost 1. The choice for high-quality over low-quality, therefore, is driven by the same condition as before: y;/w; > £(z)).

In this subsection, we are interested in the situation where consumers purchase only a subset of the low-quality goods. We keep
on assuming that high-quality goods are purchased when they are preferred over low-quality ones. That is,
ag(z;)+1

by (z))
However we assume that some goods are not purchased even in their low quality version. The full market coverage condition
becomes binding at the address z; = n that corresponds to the last low-quality good purchased by consumers:
i ap(m+t

£z > s vz
Wwj

w; b

14



P.M. Picard and A. Tampieri International Economics 180 (2024) 100557

@/ |
ay(z) +t
by(2)
a,(z)+t
_ b(2)

B |

Wi i
) z

Fig. 2. Country’s individual demands when not all goods are consumed.

We denote this solution by the function n (M,»/wj,t). To ensure that some low-quality goods are not purchased, we impose
n(u;/w;,t) < 1, or equivalently, u;/w; < (a; (1)+1) /b;(1). A natural assumption is that the number of purchased goods falls
with unit trade cost 7; that is,
= an _ ,1 - <0
o (pi/w;) by (n) = dl (n)

Then, the sets of high and low-quality purchases is given by H(y;/w;) = [0,#~"(u;/w))] and L(u;/w;) = & (u;/w)), n (u;/w;.1)].
Fig. 2 depicts this situation where the consumer does not purchase all goods.

We are now equipped to verify the existence of the Alchian and Allen conjecture according to which the average fob price
increases with larger 1. The fob price of good z; is given by plob (2 ;) = ay(z))w;, k = L, H, while the average fob price is equal to

ijk
—fob 1 £ i wy) n(pi/wj.r)
p, = —— / aH(z/-)w/-dzj+/ ap(zjw;dz; | .
Yoon(wfw;t) | Jo )
Since the function # and its inverse #~! are independent of ¢, we get
—fob
iy a; (Ww; — —fob ﬂ
ar TRy
As a result, using pf;?}j (n) = ag(mw; and n, <0, a rise in unit trade cost increases the average fob price if and only if
£ —fob
P () <P,

That is, the first variety dropped by consumers (z; = n) has a low quality price lower than the average price of the basket.

Proposition 5. Suppose consumers purchase only a subset of the low-quality varieties and the number of purchased varieties falls with
higher unit trade cost t. Then, the average fob price of a variety increases with larger t if and only if pfj"z (n) < ﬁf;’b. This holds true for
decreasing profiles a; .

). —1
Proof. Given ay > a;, we successively have that ﬁfj‘.’b = % [/0/ ay(z;)dz; + ff",l aL(zj)dzj] > % [/0" a;(z;)dz;] where n is evaluated
at (u;/w;, 1). The last term is lower than w;a; (n) if a; is a decreasing function of z;. W

Hence, a sufficient condition is that the lowest quality goods dropped by consumers have low prices.
6. Concluding remarks

We have analyzed a trade model with many countries, many goods, each versioned in two quality versions, and non-homothetic
preferences. Once we derived the equilibrium, we have first examined the effects of differences in productivity among countries.

We have shown that a rise in the productivity of one country implies a fall in domestic wage relative to other countries. Richest
countries demand more high-quality varieties from abroad. Between two countries of the same size, the more productive specializes
in exporting goods of higher quality. High-income countries specialize in the production of high-quality goods and trade more of
those, as suggested by the Linder hypothesis (1961). Using several vertically differentiated industries with heterogeneous technology,
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we are able to examine how the level of product differentiation explains the volumes of trade quality. High-quality goods exhibiting
a high degree of differentiation are traded only by high-income countries.

We have then investigated the effects of changes in population and productivity in one country. An increase in population
induces a decrease in relative prices and, subsequently, in the consumption of high-quality goods. A rise in productivity favors
the consumption of local high-quality goods only if the relative size of the country is sufficiently small, while high-quality exports
decrease. Our theoretical framework may help explaining important empirical regularities in the trade literature.
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Appendix

Proportionate upgrades and linear real expenditures

Defining a(z;) = ay(z;) — ap(z;) and b(z;) = by(z;) — b(z;), the assumption of proportionate upgrades imply ay = aa and
a; =(a—1aand by = pb and b; = (f — 1)b.
The real expenditure successively writes as

E(y):/ aH(zj)dzj+/ ay(z;)dz;
H(y) L)
=) 1
=/0 a(zj)dzj+/0 aL(zj)dzj
y -1 g -1
- / LG©)) dy+/ AN,
ORAG))) 0 NN
where we substitute z; by ¢~1(). The assumption E’(y) = 1 imposes that the term within the first integral is equal to 1 and therefore
£'(z)) = a(z)). (26)
Differentiating #(z;) = a(z;)/b(z;) and plugging in this expression gives the differential equation
a,(zj) b,(zj) b(z)
= + Z:),
a(z;) b(z;) J

which accepts the solution
a(z;)

c+ [,7 ad¢

where ¢ is a constant. Note that 4'(z;) <0 < ' (z;)#(z;) < a (zj)2 = (z)¢(z)) < [f’(zj)]2. This occurs for not too convex
function #. Using (26) and proportionate upgrade cost the real expenditure successively writes as

y W g, (271 ()
E = ———dz;
) /f(()) /f(()) a(?=1(y) “

2(1)
/ dy+/ (a —1)dz;
£(0) £(0)

=@ -20)+@- D) -20).

b(z;) =

The indirect utility is successively given by

e 1
V(y)=/O b(zj)dzj+/o bp(z;)dz;
y -1 £(1) -1
:/ b= ) dy+/ b (¢ (y))dzj
c©) (71 () ORI E)))

Y b () Db ()
20y a1 (») 0 a@ ()
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y W) g p-l
_ / L gy / 00D __1
¢©) £(€1HY) c0) b)) 2 y)
y ‘) b1
:/ 1dy+/ GV
OR4 e b))y

Y 40 1
=/ —dy+/ (B—1)=dz;
IZOR4 2(0) y
=(ny—1InZ0)+ B - 1)In(nz(1) —In£(0))

where we substitute z ; by #~!(y) in the second equality, substitute #’(z ) by a(z ;) in the third one, use #(#~!(y)) = y in the fifth one,
and use b; = (f — 1)b in the sixth one.

Under proportional cost upgrades, upgrade costs are proportional to average costs of high and low quality varieties so that the
above interpretation holds for both types of cost. Finally, the intercept of the real expenditure function is then equal to r = a(0)/b, —
(a — 1)E[a], which is positive for small enough b, and low enough E [a]. That is, r > 0 iff b, < [aH ©)—a; (0)] Ja—=1)/[£(1) - £(0)]
or equivalently, b, < (1/(a — 1)) * ay (0) /E(ay), where E(ay) is the expected value of a; and E(ay)/ay(0) is a measure of cost
dispersion. This requires a small enough b,, a small enough « or a weak enough cost dispersion.

The Pareto cost distributions have the form Fy(a,) = 1 - (ag/a,)" with k > 1 and k = L, H. That is, Fy;(ay) = 1—(agy /ay )" and
Fp(ap) =1-(agy/ay)" with k > 1, ay > agyy, ap > ag, while agy = f/(f— Dag, > 0. This implies that the upgrade cost a = a;; —a,
is distributed as F(a) = 1 (ay/a)" where ay = ay; /(f—1). Inverting this function gives the upgrade cost profile a(z;) = ay(1—z;)/*

where ay = agy — agr. Choosing b, > 0, we get the increasing schedule #(z;) = ay/by + aq [1-a —zj)l‘l/K] /(1 =1/x).
The inverse schedule is 7~ '(y) = 1 — [1 - _1 (l - bL *T The utility upgrade is given by b(z;) = (1-1/x)(1 — z))7V/*/
K=1 \ ag 0

[1/by + 1 = (1 = z;)!71/%], which then yields the utility profiles b; = f (b —b;) and b, = (8 — 1) (by — by). The real expenditure
intercept is equal to r = aq [l/bo —(a=1/(1- I/K)], which is positive iff b, < (1 — 1/k) /(e — 1). The indirect utility is given by
V() =Iny +8In(ay/by) + (B — DIn[ag/by+ag/ (1 = 1/x)].

Population changes

Consider an absolute increase in the population size M; of country i by dM;. This situation implies the simultaneous first order
changes in relative population sizes

M, +dM;, M, dm,
m=———— = — > (1—m;) —,
M+dM;, M M
M, M, aM;
dm, = ———— — — ~—m, —.
1T MtdM, M ™

Hence, for any variable X, an increase in the population size M, implies

dX _ oX dm ox dm 1 aX
_ 1— _ 27
dM; ~ om, dM+z()mde M ( Z kamk (27)

m;

Relative factor prices. For i # j #1,

ow; /w; _ S (mjs;+r) <o, ow; /w; S . 0and ow;/w; —o.
om; (m,»s/-+r)2 om; mis; +r m;
Hence, we have
dw; /w; _ 1 [(1_ 6w/w —Z kawi/wj]
dM; M m; = omy,

Sk

6w,-/wj ow;/w;
(l—m,-) om, " om,
i J

__ 1 m;s; +r (1 —mi) S N m;s; <0 28)
M misi+r | (mys; +r) (mjsj+r) ’

So, the more populated country incurs a fall in its unit wage with respect to each other trade partner. Also,

dw; /w; 1 ow; [w; 0w Jw; ow; [w;
= — (1 —m,-) - - Z my,
dM; M om; om; vt omy,
_ 1 (l_m)awj/w,- . ow; [w;
M I om, I om; |”
B (mis[+r) (l—m,») S; + m;s; -0 (29)
M(mjsj+r) ms; +r mis; +r ’
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So, the other countries have a rise in their unit wages with respect to the more populated country. Finally,

dw,/wj _ 1 (l—m-) 0w,/wj —Zm aw,/wj
dM, M 7 om K om, )°

i i ke#i
1 ow;/w; ow; /w;
=—-—=(m +m; ,
M om; ! om;
r(mys; —mjs;
_ L (s, /2/) (30)
(mys; +r)

This is positive for m;s; > m;s;. A country / has a rise in its unit wage compared to country ; if it has a larger effective labor supply.
In turn

N N
d dw,/wj
dM,- <;W//wj>zz dM,- s
3 dw; /w; +i dw,; /w;
T dM, < dM,
i 1#i i

By (28) and (30), this is

N
d 1 mjs;+r (1—m[)s,- m;s;
- == + 31)
dM; (;w,/w1> M m;s; +r [(m,-si+r) (mjsj+r)

N
1 (mj3j+r)mlsl— (m,s,+r)mjsj
+Hz

1% (mys; +r)’

m;s; +r 1
=—Sl-—2 + M
M(m,-s,- +r)

i r(m,s, —mjsj)
T (mys +r)

The first part is negative. A sufficient condition of negativity of the second part is m;s; < m;s, for all / # j. The expression is also
negative if countries’ labor supply is close to symmetry m;s; — m;s;.

Country i local consumption. By (15), the incentives to consume local high-quality goods are given by

dﬂi/wizL idwl/wi _r idwl/wi
dM, N M, N\& am; )

! =1 i

which is positive by (29).

Country i imports from country j. Differentiating y;/w; in (15) with respect to M; yields:

dﬂ;/w/- 1 dwi/wj d al
am, ~ N \""am;, TTam; Z{w’/wf '

By (28) and (31), the first term is negative while the second is negative if m;s; < ms, for all / # j or if countries’ labor supply are
close to symmetry mys; — m;s;.
After some simplifications we get

dw/w;  dp /w1 dw;/w;  dw,;/w, r d il d <
aM, | dm, _NS"( aM,  dM, >+N am, Zdwf/wf T, th’/w"

i i

2

1 2r +s; N r
=—-—— (m-s-—mksk) [s- — + ]
MN o l (r+m,-s,-)2 Z‘ (m,s, +r)2

Therefore, a rise in country i’s population entices this country to replace its high-quality imports from high labor supply countries

by high-quality imports from low labor supply countries (M - Wl ) ey s ;< msg).

dM; am, J
Country j imports from country L Differentiating u;/w, in (15) with respect to M; yields:
duy /w; 1< dw, 4§ @, dw,-)

==\ Sy +r—rn F—
dM; N dM; w; dM; =tz Wi dM; w;

The last term is always negative. The first and second terms are negative if m;s; < m;s, for all / # j or m;s; — m;s;. So, under the
latter condition, the expression is negative.

Trade costs

Suppose symmetric countries with iceberg trade costs: s; = s, m; = /N, 7;; = 7, i # jwhile7, =7 =1+ (- DN -1)/N.
Using the same argument as in Proposition 1, it can be shown the symmetric trade equilibrium exists and is unique for a non-zero

18



P.M. Picard and A. Tampieri International Economics 180 (2024) 100557

measure of productivity levels s and high enough utility upgrades g, if, in addition, the trade cost is not too high: = < £(1)/£(0).
Indeed, Condition A2 is satisfied under the same condition on g as in Proposition 1. Condition Al requires that u;/w; and
wi/(tw;) € (£(0), £(1)). This implies y,; /w; € (z£(0),£(1)), or equivalently, [s +r +rz (N — 1)] /N € (z£(0), £(1)). The latter interval is
not empty for not too high trade costs: = < #(1)/£(0). If the latter condition does not hold, import prices are too large and consumers
have incentives to purchase no foreign high-quality varieties.
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