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B Abstract

This working paper analyzes the connection between
country specialization across goods and country spe-
cialization within goods along the quality dimension.
It builds a model that introduces quality differ-
entiation and firm heterogeneity into the Dornbusch,
Fischer and Samuelson (1977) framework. Country
market shares across goods are continuous and de-
creasing in comparative costs. Within each industry,
1) the highest quality is produced by the country
with the absolute advantage in the industry; 2) the
lowest quality is produced by the country with the low-
est wages; 3) each country’s average quality is decrea-
sing in its comparative costs in the industry and in-
creasing in its wage level. The model is consistent
with previously documented facts and with the specif-
ic empirical motivation being provided: it is shown
for some illustrative goods that exporter revealed
comparative advantage, conditional on exporter in-
come per capita, is positively correlated with the unit
value of exports (unit value being interpreted as a
proxy for quality).

B Key words

Vertical differentiation, quality margin, extensive
margin, North-South trade.

Il Resumen

En este documento de trabajo se analiza la conexién
entre la especializacién horizontal (a lo largo del con-
junto de bienes) de los paises y la especializacion
vertical (a lo largo de los distintos niveles de calidad
de cada bien). Con este fin, se construye un modelo
con diferenciacién en la calidad y heterogeneidad
empresarial en el marco teérico del modelo de Dorn-
busch, Fischer y Samuelson (1977). Se obtiene que
las cuotas de mercado de los paises en los distintos
bienes son una funcién continua y decreciente de sus
costes comparativos. Para cada bien, 1) el pais con
mayor ventaja absoluta (eficiencia) en el bien produce
la calidad mas alta; 2) el pais con los salarios mas ba-
jos produce la calidad més baja; 3) la calidad media
que produce cada pais es creciente en su nivel salarial
y decreciente en sus costes comparativos en el bien.
El modelo es coherente con la evidencia empirica pre-
via y con la motivacién especifica que se proporciona:
se muestra para dos bienes ilustrativos que la ventaja
comparativa revelada del pais exportador, condicional
a su renta per capita, esta positivamente correlaciona-
da con el valor unitario de las exportaciones (interpre-
tandose el valor unitario como una proxy de calidad).

B Palabras clave

Diferenciacion vertical, margen de calidad, margen
extensivo, comercio Norte-Sur.
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1. Introduction

RECENT empirical research has documented the importance of country
specialization across both the horizontal and the vertical (quality) dimen-
sions of goods to characterize the current patterns of trade. Existing models
tend to concentrate on only one of these two dimensions and neglect their
possible connections. However, there is evidence suggesting that these con-
nections may be important. This paper provides a simple integrated model
where both the horizontal and the vertical dimensions of trade are present
and their interactions are investigated. The paper shows that the factors that
create absolute and comparative advantages across goods also play an im-
portant role in the vertical specialization within goods.

Schott (2004), Hummels and Klenow (2005) and Khandelwal (2007),
among others, have shown strong evidence of the significance of the quality di-
mension in characterizing current international trade. Horizontal specializa-
tion (specialization across goods) seems to be fading, while vertical specialization
(specialization within goods along the quality dimension) is becoming
increasingly important '. Still, the importance of the horizontal dimension of
specialization cannot be underestimated. For example, Hummels and Klenow
(2005) show that the horizontal dimension plays a key role in the expansion
of exports as countries become richer. They found that a 10% increase in
per capita income brings about, on average, an 8.5% increase in the
range of goods being exported (the extensive margin of exports) and a 0.9%
increase in the unit price of exports (the quality margin, with unit price
interpreted as a proxy for quality). Along the same lines, Kehoe and Ruhl
(2002) showed that the extensive margin accounts for the bulk of trade growth
after trade liberalizations. Ideally, trade models should be able to incorporate
both the horizontal and the vertical dimensions of specialization.

There are several general equilibrium models analyzing the patterns
of country specialization across the quality dimension (Flam and
Helpman, 1987; Falvey and Kierzkowski, 1987; Grossman and Helpman, 1991;

1. For example, Schott (2004) has shown that 62% of industrial goods imported by the U.S. in
1994 were sourced from both low- and high-wage countries, and that this figure had risen
steadily from 30% in 1972.
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Stokey, 1991; Murphy and Shleifer, 1997, among others). They predict that
richer countries specialize in producing higher quality, which conforms to the
general evidence in Schott (2004) and Hummels and Klenow (2005). The
main underlying argument is that richer countries have a larger endowment
in human or physical capital which provides a comparative advantage in pro-
ducing higher quality. A limitation of these models is that they assume either
only one vertically differentiated good in the economy (together with some
non-differentiated goods) or only one quality level per good at each point of
time. As a consequence, they cannot account for the simultaneous existence
of the extensive and the quality margins of exports, and the possible interac-
tions between horizontal and vertical specialization. Moreover, some evidence
suggests that richer countries do not always produce higher quality than
poorer countries. For example, the highest quality varieties of tropical and
semi-tropical crops like tobacco or coffee do not originate from the richest
producers. Schott (2004) found that about 50% of the industrial goods ex-
ported by low-wage as well as high-wage countries showed a significant (at
the 10% level) positive correlation between unit values and exporter per
capita GDP. However, this leaves the other 50% of selected industrial goods
without a significant correlation between income and the proxy for
quality. This evidence calls for digging deeper into the determinants of
the relative quality of exports across countries.

Likely candidates to contribute to producing higher quality of a given
good are absolute and comparative advantage in that good. Going back to
the example of tropical crops, a country may produce the best cigars be-
cause its soil and climate are the best to grow tobacco. It is then likely that
the country also has a horizontal specialization in the production of cigars.
The quality of exports of a given good and the absolute or the comparative ad-
vantage in that good are likely to be related. As a consequence, less devel-
oped countries may export higher quality than richer countries in goods
where they have an absolute or a comparative advantage. Section 2 provides
two examples. We use coffee as a primary good that may have significant
quality differences across producers, and men’s cotton shirts as an industrial
good that has a wide set of low- as well as high-income exporters. It is shown
for these goods that exporter revealed comparative advantage is positively and
significantly correlated with the unit value of exports. Moreover, the signifi-
cance of revealed comparative advantage increases when income per capita
is also included in the regression. Thus, these illustrative examples show
that, at least for some goods, specialization across goods is related to vertical
specialization within each good and that this relationship is independent of
a potential link through income per capita.
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A second limitation of available trade models on country specializa-
tion along the vertical dimension is that they assume homogeneous produc-
ers within each country. However, heterogeneity of firms’ efficiency is a
prominent phenomenon whose consideration has proven to be very fruitful
in capturing important features of international trade 2. It is shown in this
paper that accounting for this heterogeneity is also important for describing
the patterns of vertical specialization. Moreover, firm heterogeneity helps
explain why each country’s range of exported goods, as well as exported
qualities within each good, often overlaps with other countries’ ranges
(even if wages and efficiency across industries differ) .

This paper builds a simple two-country Ricardian model with a continu-
um of goods that can be produced along a continuum of quality levels. Fur-
thermore, each good can be produced by a set of firms that are heteroge-
neous in terms of their efficiencies. Thus, the model introduces the quality
dimension as well as firm heterogeneity into the Dornbusch, Fischer and
Samuelson (1977) model (DFS). This model provides the basis to investi-
gate the interactions between horizontal specialization across goods and ver-
tical specialization within goods.

The paper focuses on the implications for international trade of tech-
nological differences across countries, industries, and firms in markets with
many vertically differentiated goods. In contrast with the more complex
supply side, it greatly simplifies the demand side. In particular, it assumes
the same homothetic demand across goods and quality varieties in both
countries. To be sure, non-homotheticities are important in shaping the pat-
terns of trade along the quality dimension (see Hallak, 2006; Choi, Hummels
and Xiang, 2006; Fieler, 2008). However, homotheticity may prove to
be a useful simplification enabling the derivation of sharp predictions that
are consistent with the empirical evidence. Moreover, there is no reason to

2. See Bernard and Jensen (1995) for pioneering empirical work; Bernard et al. (2003) and
Melitz (2003) for path breaking general equilibrium trade models; and Eaton, Kortum and
Kramarz (2005) for how the heterogeneous-firm framework coupled with Cournot equilibrium
fits regularities on the distribution of firms and market shares across output destinations. Tybout
(2003) and Bernard et al. (2007) review the literature. Bernard, Redding and Schott (2007)
analyze firm heterogeneity and comparative advantage in a two-country two-factor two-industry
model with no quality differentiation.

3. The intuitive argument is that firms’ choices on output quality are likely to be correlated with
their efficiency. As a consequence, the distribution of firm efficiency within each industry, in
each country, is likely to be an important determinant of the distribution of output qualities.
Then, overlapping distributions of firm efficiencies across countries will imply overlapping distri-
butions of output qualities.
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expect that the predictions in this paper would be reversed by introducing
non-homotheticities.

In the model’s equilibrium, more efficient firms produce higher qual-
ity . Therefore firm heterogeneity implies that each good is produced in
every country in many different qualities. The spectrum of qualities pro-
duced by each country in each industry (good) is likely to overlap with the
other country’s spectrum. This gives rise to non-trivial patterns of country
market shares across quality varieties where the richer country does not nec-
essarily produce the highest quality. The main implications of the model are
as follows. Country market shares across goods are a continuous decreas-
ing function of comparative costs. Richer countries export a wider set of
goods (the extensive margin). Within each industry, 1) the highest quality is
produced by the country with the absolute advantage in the industry; 2) the
lowest quality is produced by the country with the lowest wages; 3) country
average quality is decreasing in comparative costs and increasing in the
wage level. Thus, the model integrates the analysis of horizontal specializa-
tion across goods with the analysis of quality specialization within each
good. In so doing, it reveals important connections between these two di-
mensions. Results are consistent with the empirical literature cited above
and with the empirical motivation provided in the paper.

The working paper is organized as follows. Section 2 provides some
empirical evidence on the relationship between export unit values and ex-
porter revealed comparative advantage. Section 3 lays out the model. Sec-
tion 4 analyzes specialization across goods. Section 5 analyzes quality special-
ization within goods. Section 6 concludes.

4. See Alcald and Herndndez (2006), Baldwin and Harrigan (2007), Johnson (2007), Verhoogen
(2008) and Kugler and Verhoogen (2008) for other models with this feature analyzing different

empirical implications.



2. Quality

and Comparative
Advantage Across
Goods: Some
Empirical Evidence

THIS section provides illustrative evidence that exporter comparative
advantage (jointly with exporter income per capita) is positively correlated
with export unit value (used as a proxy for average quality). We consider
two cases: a primary good (coffee) and an industrial good (men’s cotton
shirts). These products were selected since previous studies showed that
they are exported by a wide array of countries with different income levels
and that their unit values may widely differ across producers.

As the basic observable measure of comparative advantage we use the
index of revealed comparative advantage (RCA) (Balassa, 1965). This index is a
measure of relative export performance (or specialization) by industry
and country. The index for country i and good j can be defined as
RCA;(j) = 100*(EXP,(j) / EXP;) / (EXPy/(j) / EXPy); where EXPy(j) is
country ¢’s exports of good j to the world, EXP; s its total exports, EXPy/j) is
total international trade of good j, and EXPy;is total world trade (all vari-
ables in value terms). We also consider a quantity variation of this concept
which may be labeled as quantity revealed comparative advantage (QRCA). This
measure has the same definition as RCA,(j) except that EXPy(j) is replaced by
the number of units of good j exported by country i. Hence QRCA(j) =
= RCA(j) / unit valuey(j). Although the empirical measure that is directly
connected to the theoretical model below is RCA, using the QRCA measure
serves as a robustness check for the empirical relationship.

The basic relationship to be estimated is:

Log unit value,(j) = ay + a; Log PCGDP; + a; Log RCA(j)+ u;, (2.1)

where unit value,(j) is the ratio of the value of country 7’s exports of good j
over the quantity exported (in kilograms or in number of items, depending
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on the commodity), PCGDP;is country 7’s PPP per capita GDP, and u; is the
error term. Data used to estimate this equation are from United Nations
Commodity Trade Statistics Database (SITC, rev.3, available online at
http://comtrade.un.org/) except for PCGDPwhich is from the World De-
velopment Indicators, World Bank, 2007. All data correspond to 2005.
Graphs 2.1-2.3 summarize the main point in this section. Graph 2.1
depicts the scatter plot of the log of revealed comparative advantage against
the log of unit value of exports for the case of coffee exports to the world
market °. Graph 2.2 depicts a partial scatter plot drawn using the results
from estimating equation (2.1) for men’s cotton shirts exports to the U.S.
The vertical axis measures Logunit valuej) — (Gy + ¢ Log PCGDP,) using the co-
efficient estimates gy and &, whereas the horizontal axis measures Log RCA(j).

GRAPH 2.1: Scatter plot: revealed comparative advantage-unit value. Coffee
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Note: The horizontal axis measures the log of exporter revealed comparative advantage in coffee. The vertical axis measures the

log of unit value of coffee exports (units are kilograms).

5. Since the UN comirade statistics for coffee exports reflect re-exports by many non-producers,
the sample was restricted to countries included in the International Coffee Organization list of
main exporters of coffee (see http://www.ico.org/about_statistics.asp. The problem remains after
using the UN comirade data on re-exports). Also note the outlier with a log (unit value) about 0.5 and
log(RCA) about —18 which corresponds to Philippines. This country has a surprising high unit value
for 2005 in comparison to unit values in 2004 and 2006. Results would significantly improve if this
outlier were dropped.

10
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GRAPH 2.2: Partial scatter plot: revealed comparative advantage’ unit value.
Men’s cotton shirts

1.0
(o]
0.5 - °
o

g 0.0
el
9}
g
<
S 051
A
£
P
=
E _15-
=

9.0

_2-5 T T T T T

“14 -12 10 -8 -6 4 -9

Log (RCA_S)

Note: The vertical axis measures Log unit value of men’s cotton shirts (U.S. market) — (G + 4 Log PCGDP) with the coefficient esti-
mates dy and 4 taken from column (3) in table 2.2a. The horizontal axis measures the log of exporter revealed comparative ad-

vantage in men’s cotton shirts.

Graph 2.3 does the same using Log QRCA,(j) instead of Log RCA,(j). In all
cases, a positive relationship between comparative advantage and export
unit values becomes apparent.

The details of regressions are shown in tables 2.1-2.2b. Table 2.1
shows OLS estimates of equation (2.1) for coffee exports to the world mar-
ket. Per capita GDP is not significant by itself, whereas comparative advan-
tage is positive and significant by itself at 5% level. When both variables are
included in the regression, both coefficients and significances increase.
Columns 4 and 5 repeat the regressions using QRCA. The size of the coeffi-
cient for QRCA is somewhat reduced but is still significant at the 5% level in
the joint regression with PCGDP.

Tables 2.2a and 2.2b show that these results are not exclusive to primary
goods but may also hold for industrial goods. As already noted, we consider
men’s cotton shirts exports to the U.S. (comparative advantage is comput-
ed using world exports). The sample includes all the countries exporting
at least 500 items to the U.S. in 2005, as reported by the U.S. All columns

11
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GRAPH 2.3: Partial scatter plot: quantity revealed comparative advantage’
unit value. Men’s cotton shirts
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Note: The vertical axis measures Log unit value of men’s cotton shirts — (dy + 4 Log PCGDP + dy Log quantity exported) with the coeffi-

cient estimates dy, d; and d, taken from column (4) in table 2.2b. The horizontal axis measures the log of quantity exporter re-
vealed comparative advantage in men’s cotton shirts.

TABLE 2.1: Unit values and exporter characteristics. Coffee

Dependent variable is log unit value

) @ ®) “@ ®)
PCGDP 0.042 0.059% 0.059%
(0.029) (0.024) (0.028)
Log RCA 0.085% 0.005%+

(0.032) (0.032)

Log QRCA 0.060 0.075%
(0.087) (0.087)

Number of observations 34 34 34 34 34
Adj. R? 0.05 0.20 0.28 0.08 0.14

Note: This table reports OLS results of regressing the log of unit values of coffee exports to the world market on exporter PPP per
capita income (PCGDP) and the log of exporter revealed comparative advantage (RCA) or the log of exporter quantity revealed
comparative advantage (QRCA). All regressions include a constant. The sample of exporters was restricted to countries included
in the International Coffee Organization list of the main exporters of coffee. Heteroskedasticity-consistent standard errors in pa-
renthesis. ** means significant at 1% and * 5%.

Source: United Nations Commodity Trade Statistics Database, except PCGDP which is from World Development Indicators (WDI),
‘World Bank. Data correspond to 2005.

12
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TABLE 2.2a: Unit values and exporter characteristics. Men’s cotton shirts

Dependent variable is log unit value

1) (2) (3) 4) (5)

Log PCGDP 0.553** 0.620%* 0.560%* 0.560%*
(0.080) (0.082) (0.076) (0.083)
Log RCA 0.054 0.122%* 0.162%* 0.163**
(0.047) (0.038) (0.039) (0.040)
Log quantity exported —0.090%* —0.090%*
(0.021) (0.035)

Number of observations 70 70 70 70 70

Adj. R? 0.38 0.01 0.47 0.56 0.58

Note: Results of regressing unit values of men’s cotton shirts exports to the U.S. on exporter PPP per capita income (PCGDP), ex-
porter revealed comparative advantage (RCA) and number of units exported to the U.S. (quantity exported). Columns 1-4 use OLS.
Column 5 uses two-stage least squares using exporter population and openness as instruments for quantity exported. The sample
includes all countries exporting at least 500 items to the U.S. market. All variables are in logs and all regressions include a con-
stant. Heteroskedasticity-consistent standard errors in parenthesis. ** means significant at 1% and * 5%.

Source: Data correspond to 2005 and are from United Nations Commodity Trade Statistics Database, except PCGDP and popula-
tion which are from WDI World Bank.

TABLE 2.2b: Unit values and exporter characteristics. Men’s cotton shirts

Dependent variable is log unit value

(1) (2) (3) (4) (5)

Log PCGDP 0.553** 0.620%* 0.576%* 0.573%*
(0.080) (0.086) (0.081) (0.086)
Log QRCA -0.008 0.084* 0.130%* 0.133**
(0.045) (0.036) (0.039) (0.043)
Log quantity exported —0.089%* —0.094*
(0.024) (0.041)

Number of observations 70 70 70 70 70

Adj. R? 0.38 -0.01 0.42 0.50 0.52

Note: Results of regressing unit values of men’s cotton shirts exports to the U.S. on exporter PPP per capita income (PCGDP), ex-
porter quantity revealed comparative advantage (QRCA) and number of units exported to the U.S. (quantity exported). Columns
14 use OLS. Column 5 uses two-stage least squares using exporter population and openness as instruments for quantity exported.

The sample includes all countries exporting at least 500 items to the U.S. market. All variables are in logs and all regressions

include a constant. Heteroskedasticity-consistent standard errors in parenthesis. ** means significant at 1% and * 5%.
Source: Data correspond to 2005 and are from United Nations Commodity Trade Statistics Database, except PCGDP and popula-
tion which are from WDI World Bank.

13
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report OLS regressions except column 5 of each of these two tables

which report 2SLS regressions. Table 2.2a uses the RCA measure of compar-
ative advantage. RCA is not significant by itself but is positive and significant
at the 1% level when PCDGPis included in the regression (column 3).
Graph 2.2 was drawn using these last results.

The number of units of j exported by a country ¢, n,(j), may also have
some impact on the unit value of its exports . We therefore consider #,(j) as
an additional control in the regressions (column 4). The coefficient on RCA
increases when quantity exported is included. The coefficient of quantity exported
is also significant and has the expected negative sign. Since endogeneity
may be a problem with n,(j) (recall that it is used to compute unit values of
exports) we instrument it using the logs of country i’s population and open-
ness (exports + imports of goods and services over GDP) ”. Results are in col-
umn 5. Comparison of columns 4 and 5 reveals that coefficients are amost
identical in the OLS and the 2SLS estimations. Table 2.2b performs exactly
the same empirical analysis using the QRCA measure instead of RCA. All the
results are qualitatively the same with both measures, even if the estimated
coefficients for QRCA are somewhat lower than those for RCA. Graph 2.3
was drawn using the results in column 4 of this table.

In sum, country per capita income and comparative advantage show
positive and jointly significant correlations with export unit values. Further-
more, either PCGDP or RCA may not be significant when including only one
of them in the regression ® In the following sections we build a trade model of
horizontal and vertical specialization that predicts these conditional correla-
tions. The model is also able to predict other previously documented facts
already cited such as the richer-country extensive margin of exports.

6. For example, if two countries have the same per capita GDP and the same RCA but different
sizes, the larger country will tend to export a larger quantity of the good. Then, if there is some
horizontal differentiation related to each specific exporting country (the Armington hypothesis)
besides vertical differentiation, we should expect a negative relationship between n,(j) and unit
value,j).

7. Table 2.3 reports the first stage regressions for this instrument.

8. This may be more likely to happen for products where per capita income and comparative
advantage are negatively correlated. In the sample used, correlation between (the logs of) these
two variables are —0.24 in the case of coffee and —0.25 in the case of men’s cotton shirts.

14



TABLE 2.3: First stage regressions. Men’s cotton shirts

COMPARATIVE ADVANTAGE ACROSS GOODS AND PRODUCT QUALITY

Dependent variable is Log of quantity exported

1) (2)
Log PCGDP -0.681* -0.536
(0.361) (0.405)
Log RCA 0.385+
(0.206)
Log QRCA 0.437*
(0.213)
Log Population 1.26%* 121
(0.258) (0.257)
Log Openness 1.85%* 1.68%
(0.686) (0.701)
Number of observations 70 70
F statistic 9.52 10.21
Adj. R? 0.37 0.39

Note: This table reports OLS results of regressing the log of the number of men’s cotton shirts exported to the U.S. (quantity exported)

on the log of exporter PPP per capita income (PCGDP), the log of exporter revealed comparative advantage (RCA) (or the log

of exporter quantity revealed comparative advantage, QRCA, in column 2), the log of exporter population, and the log of exporter

openness (exports + imports of goods and services over GDP). This last two variables are used as instruments for quantity exported

in the 2SLS regressions reported in columns 5 of tables 2.2a and 2.2b. The sample includes all countries exporting at least 500

items to the U.S. market. All regressions include a constant. Heteroskedasticity-consistent standard errors in parenthesis.

*# means significant at 1%, * 5% and + 10%.

Source: United Nations Commodity Trade Statistics Database, except PCGDP, population, and openness which are from WDI

World Bank. Data correspond to 2005.
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3. The Model

CONSIDER a two-country economy. Home and foreign countries are
denoted by H and E respectively. Subscript Windicates world aggregates.
There is a measure-one continuum of goods indexed by j. Each good de-
fines an industry. Every good can be produced along a continuum of quali-
ties. For each good, there is an infinite set of efficiency-heterogeneous po-
tential producers in each country. In equilibrium, only a finite measure of
firms will be active. Each firm produces only one good and chooses which
quality and how many units to produce taking as given other firms’ quality
and quantity choices (Cournot equilibrium). Firm £ from country ¢in in-
dustry j produces x,,(j) units of good jwith quality ¢,,(j). Firms choosing zero
output are said to be inactive. There are no transportation costs so that the
production of firm k;(j) has the same price P,;(j) in both countries.

3.1. Demand

Denote by ¢(j) country-h representative agent’s consumption of firm
ki(j)s output. Consumers from both countries maximize the same utility
function:

b (X5 e 230 9i) ) i 3.1)

with respect to ¢(j) for every kij), subject to Y, = [} [Zi=H, P Zk P.(G)
c,’{‘l(])] dj; where Y, is country-A representative consumer’s income.

ioHF Z r (7)) ¢s(j) may be referred to as the number of quality units of
good j consumed by 4. The firstorder equilibrium conditions of maximiz-
ing (3.1) are straightforward:

P ki(j) _ %’O)
Pu()  Pu()

i I=HF. (3.2)

Dinr 2 Puli) di) = Yo (3.3)
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Condition (3.2) states that the relative price between any two varieties
k(j) and k’(j) of the same good jis given by their relative quality (e.g., the
products of two firms producing the same quality variety of the same good
are perfect substitutes, and the marginal rate of substitution between any
two quality varieties of the same good is constant). Condition (3.3) states
that expenditure is the same across all goods, as with any symmetric Cobb-
Douglas utility function. Denote by P(j) the price of a unit of good j with
quality equal to 1. Then, from expression (3.2) we have:

Pi() = P() - 4:i(5)-

We will refer to P(j) as the price level in industry j. Using this expression
to substitute in (3.3) and assuming market clearing for each firm’s output,
x(7) = Z i1, r Gi(j), yields the price level in industry j as a function of firms’
output and quality choices:

P(j) - Yy+ Y (3.4)

Zz’:H, F Ek 9i(j) %i(7) '

This is the inverse demand function to be used in solving for the Cournot
equilibrium of each industry.

The general equilibrium of the economy with this demand setting
yields a determinate composition for each firm’s output in terms of both
quantity and quality, and therefore a determinate composition of world con-
sumption. However, if no further considerations are made, each representa-
tive consumer is indifferent in this equilibrium between consuming any
quality variety of each good, as long as relative prices between the quality
varieties satisfy (3.2). In other words, the composition of each individ-
ual’s consumption basket in terms of quality varieties within each good is
indeterminate even if the composition of aggregate world consumption
is fully determinate. Since a characterization of exports requires a determi-
nate composition of each country representative agent’s consumption bas-
ket, we will informally consider a slight modification of utility function (3.1)
that renders this composition fully determinate. We will assume an infinitesi-
mal preference for variety over all the varieties produced by the set of firms.
As a result, each individual’s consumption basket is a scaled down version of
the world’s consumption basket. Moreover, the composition of each
country’s exports is exactly the same as the composition of its production.
Formally, if v;is country 7's share in world income (gy= Yy / (Y + Yi)=1-vp),
then country ¢ consumes a portion v, of every firm’s output, and exports
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a portion 1 — v, of every domestic firm’s output. Under this assumption, the
vertical and horizontal characterization of each country’s output in sections
4 and 5 should also be interpreted as a characterization of its exports.

3.2. Technology

Labor is the only production factor. Increasing output quality comes at the
cost of lower output per worker. Efficiency of firm % from country 7in in-
dustry jis given by the product of three positive parameters: 7T}, a,(j), and z,;
where T;is a country-specific aggregate efficiency parameter, g,(j)is a
country-industry-specific efficiency parameter, and z, is a firm-specific effi-
ciency parameter. Firm £,(j)’s production function is given by:

. . bi(7)
N =TT a 1o ®WV/_ 0<os<l, 3.5
%)) = LT; () ] i)/ [ i) )° o= (3.5)

where [,(j) is its input of labor. The parameter ¢ measures the extent to
which more-efficient firms have a relative advantage in producing higher
quality goods (o = 0 would imply that higher efficiency is neutral with re-
spect to quality). The parameter 7; captures differences across countries in
general sources of productivity (e.g., generic human capital, good institu-
tions, and public infrastructures). Parameter g;(j) captures country-industry-
specific asymmetries, which may be due to differences in specialized knowl-
edge, skills, and natural resource endowments. z, captures firm-specific com-
ponents such as entrepreneur’s skills and the myriad of physical and proce-
dural elements that characterize a firm and cannot be easily imitated.

Units of goods are normalized so that Ty = ax(j) = 1 for all j. Thus,
we can drop subscripts for home technology parameters, i.e., 7;;= Tand
ay(j) = a(j). The function a(j): [0, 1] — R,, is assumed to be continuous, dif-
ferentiable, and strictly decreasing. There are an infinite number of poten-
tial firms in each country and sector, indexed by k=0, ..., %, which are or-
dered inversely with respect to efficiency. Hence firm 0 is the most efficient
one. Its efficiency is normalized z, = 1. In equilibrium, only a finite measure
of firms will be active. The distribution of firm efficiencies z, is the same in
all industries and countries °.

9. The assumption that the distribution of firm-specific parameters z, is the same in every in-
dustry and country is not necessary for the results in the paper but it greatly simplifies the expo-
sition. The same results can be obtained by assuming the following first-order stochastic dominance
of firm productivities across countries: if T;a,(j) > T),a,(j) then T.a,(j)z,(7) > Tya,(1)za(j)s where z,(j) and
zy(j) are efficiency of the K most efficient firm in industry jin countries iand A, respectively.
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Country ¢’s wage is denoted by w;. The foreign wage is used as the
numeraire: wy= 1. Let ¢,(q, j) be the (constant) marginal cost of firm & from
country 7 producing good jwith quality ¢:

w;

[T ai(j) )"~

6u(gs J) = et/ LTia)4l” (3.6)

The use of the terms absolute and comparative advantage may lead to
some confusion when both horizontal and vertical specialization are consid-
ered and become intertwined. We reserve these terms for comparison of
advantage across goods and avoid their use in the analysis of trade along the
quality dimension. Country H (respectively, F) is said to have an absolute ad-
vantage over country F (resp. H) in industry jif Ta(j) > 1 (resp. Ta(j) < 1). This
implies that for each k, efficiency of firm £ from country H, 7a(j) %, is higher
than efficiency of firm k from country £ At any rate, even if the home country
has an absolute advantage, some foreign firms may be more efficient than
some home-country firms in the industry. Additionally, we will refer to [w; / T;
aj)] / [w, /T, a,(j)] as country s comparative cost with respect to country A in in-
dustry j. Note that due to normalizations wy/ T @{j) = 1, so that home country’s
comparative cost is simply w / Ta(j). Country H (respectively, F') is said to
have a cost advantage over country F (resp. H) in industry jif w / Ta(j)< 1
(resp. w/ Ta(j)>1).

3.3. Equilibrium

Firms maximize profits v,,(j) = x,,(j) [q.:(j) P(j) — (¢, j)] with respect to their
output x;,(j) and quality ¢,,(j), taking as given the inverse demand function
(3.4) and other firms’ output and quality choices (Cournot equilibrium).
From each firm’s first order conditions of maximization we have:

w; w;
—€ 1 - ————=0),
Po) Ti aj) = P() T; a(j) %
su(]) = (3.7)
0 otherwise.
(1) = [T; a(j) %]°, (3.8)
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where s,,(j) is firm k;(j)’s market share in value terms, s,,(j) = ¢; x4:(7) /
Z heHLF Z ¢ 9a1(7) %g(j) '*- The least efficient active firm from iin industry j
will be denoted by k(7). Firm k(j) satisfies:
= . (3.9)
PG) T; aj)

Expressions (3.7) and (3.8) imply that market share and output quality
are increasing in the firm’s efficiency. The relationship between efficiency
and market shares is common to Cournot models with heterogeneous firms.
On the other hand, the relationship between efficiency and quality is the
consequence of the relative advantage of more efficient firms in producing
higher quality (e.g., 0 > 0 in expression [3.5]).

Some discussion of this second link will clarify some differences and
similarities between this and other trade models with quality differentiation.
The link between efficiency and quality tends to be present in all models of
trade with quality-differentiated goods. Notwithstanding, models differ in
the level at which this link is established: it may be established at the aggre-
gate level, at the industry level, or at the firm level, depending on the source
of efficiency differences. It is useful in this respect to recall the three com-
ponents of efficiency differences in this paper: a country aggregate compo-
nent; a country-industry-specific component; and a firm-specific compo-
nent. The general equilibrium models of international specialization with
only one quality differentiated good such as Flam and Helpman (1987) (see
the rest of references in the introduction) only consider the first compo-
nent of efficiency differences. As a consequence, they obtain a positive ag-
gregate-economy link between efficiency and quality: richer countries spe-
cialize in producing the higher quality goods. Heterogeneous firm models
of international trade with quality differentiation (see references in foot-
note 4) only consider the third source of efficiency differences. Therefore, the
equilibrium is not characterized in terms of country characteristics. The mod-
el in this paper considers the industry-country-specific component of firms’
efficiency (which may be termed the Dornbusch-Fischer-Samuelson component), in
addition to the aggregate and the firm specific components. This compo-

10. See appendix. This approach brings about exactly the same result than a Cournot equilib-
rium where each firm first chooses how many quality units of the good to produce (i.e., it chooses
the product x,(j) - g.:(7)), given the other firms’ production of quality units; and second, it
chooses which combination of quantity and quality minimizes the cost of producing this optimal
number of quality units. On a different matter, note that for optimal quality choices, firm k;(j)’s
cost per unit of quality ¢, (¢.(7), j) / qu(j)is equal to w; / [T; ayj) z]. Hence the parameter ¢
does not play a role when comparing costs across firms and countries in equilibrium.
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nent is what brings about a link between the country’s absolute advantage in
a particular industry and average output quality. A country’s absolute advan-
tage in a given industry implies that, on average, its firms will tend to be
more efficient relative to the world, and therefore will tend to produce higher
quality. Still, the link is not completely straightforward but conditional
on other circumstances. If the country also has a low wage, inefficient firms
will also be able to stay active in the market. This will tend to reduce average
quality of the country’s output, even if it has an absolute advantage in the
good. These are the issues analyzed in detail in section 5.

Besides the equilibrium conditions at the firm level in expressions (3.7)
and (3.8), industry equilibrium also requires that firm market shares add
up to 1. Let ;; (P(j)) be the sum of country-i firms’ market shares in in-
dustry j:

ki .
by = 2.7 su()-

Industry j equilibrium condition is:

Ta(j)

w

-1. (3.10)

Sbby (P()) + Sbl)j ( P(j)

For any wage and technology parameters, which are summarized by
the ratio 7a(j) / w, there is always an equilibrium industry price level P(j)
such that (3.10) is satisfied. Intuitively, given technology and wages, all firm
market shares would go to zero for a price level sufficiently low (note that
even producing output of zero quality is costly). On the other hand, for
high enough P(j) we would have (5 (P(j)) + ¢y (P() Ta(j) / w) > 1. Conti-
nuity of market shares on P(j) ensures the existence of an industry equilib-
rium price level.

Proposition 3.1. For any T > 0 and w > 0, there exists a price level P;> 0 such that
industry j is in equilibrium (i.e., expression [3.10] is satisfied). Moreovey, P; is a con-
tinuous and decreasing function of the ratio Ta(j) / w, P;= P (1a(j) / w).

Proof. See appendix.

In addition to equilibrium in every industry, the general equilibrium
of the model requires that labor demand matches aggregate labor supply in
each country. Labor supply is assumed to be equal to one in both countries.
Using expressions (3.5), (3.7) and (3.8) we get the following equilibrium
condition for the labor market in each country:
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1
I8 40) dj =—— Y I (250 8u) [1 = 5(i)) dj =15 i= H, F (3.11)

1

These two conditions determine the relative wage w and the scale of
world income Yy: The relative wage w may be seen as determining how the
sum of market shares is distributed between the two countries in a way that
is consistent with their relative labor supplies and productivities. In turn,
world income Yy, adjusts to the scale that is consistent with the absolute size
of labor supplies .

Proposition 3.2. For any T > 0 there exists a wage w" and a world income Yy sat-
isfying all the equilibrium conditions. Moreover, w" is continuous and strictly increas-
ngin T.

Proof. See appendix.

From here, we can then solve for all the variables. Given w", the func-
tion =P (7a(j) / w) determines prices. Then, expression y,(P(j)T:a(j)/w;) de-
termines countries’ market shares in each industry. Production levels are
obtained using these (value) market shares, Yy, and prices.

11. Some intuition on how the equilibrium of the world economy is reached may be as follows.
For home wage w low enough, home country market shares would be equal to one in all indus-
tries. For w high enough the opposite is true: foreign-country firms would get all the market in
all industries. Since industry equilibrium prices and country market shares are continuous in w,
there is an intermediate @ such that the distribution of market shares across countries is consis-
tent with their relative labor supplies.

22



4. Specialization
Across Goods

THIS section characterizes country specialization across industries. Impli-
cations of the model are more easily derived by letting the number of firms
vary in a continuous way. In what follows we assume that there is a continuous
number of potential firms in each country. In every country and industry,
the firm-specific efficiency parameters z, are given by a continuous and differ-
entiable function g (k), g: [0, ©) — (0, 1], such that g (0) = 1 and dg/dk < 0. The
analysis in the previous section carries over exactly the same by substituting
sums across the set of firms with integrals. In equilibrium, only a finite
measure k(j) of firms from each country is active in each industry %

4.1. Aggregate efficiency, wages and income

In this subsection we obtain some intermediate results that are not interesting
by themselves but will prove very useful in the following. An increase in a
country’s aggregate efficiency lowers its firms’ costs and raises their incen-
tives to hire more labor and increase production. This increases wages and
lowers the prices in industries where the country is a producer. However, the
wage increase and the price reductions do not completely offset the positive
impact of efficiency on firms’ profits (except in industries where the
country is the unique producer). The following proposition summarizes
these and other related facts.

12. The use of the continuum in the Cournot setting is not infrequent in the literature (e.g., in
the comparative static analysis of the Cournot equilibrium with respect to the number of firms).
It is of great mathematical convenience even if somewhat counterintuitive. Note that when each
firm takes as given the distribution of competitors’ output and qualities, it is irrelevant whether
the set of competitors is measured in discrete or in continuous units. Then, given competitors’
choices, the firm’s optimal output and quality is computed as if it were a_full measure-one firm
(thus, having a non-negligible impact on the industry equilibrium). This implies the same first
order conditions as in the model with a discrete number of firms (i.e., expressions [A.1] and
[A.2] in the appendix). Finally, each firm’s output computed in this way is integrated with the
rest of firms’ output to make up industry output as in any other model using the convention of a
continuum of agents.
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Proposition 4.1. An increase in home aggregate efficiency T brings about: 1) a less
than proportional increase in the home wage w; 2) a less than proportional reduction
in the price and an increase in the P'(j)T/w ratio in those industries where both
countries have positive production; 3) an increase in home-country relative income v.

Proof. See appendix.

Results 1) and 3) imply that country aggregate efficiency, wage, and
relative income are positively connected. Throughout the rest of the paper
we use expressions richer country, country with higher aggregate efficiency, and
country with the higher wage as equivalents '.

4.2. The extensive margin of exports

How does horizontal specialization relate to income and comparative cost?
The model’s basic implications on horizontal specialization can be presented
graphically. Consider graph 4.1 which is drawn for a given set of technolo-

gy parameters and the corresponding relative equilibrium wage w*. Define
country 7’s marginal firm in industry j as the one that would just be in the mar-
gin of being active should firms from the other country have zero share in
market j (this could be the consequence of country i being very competitive
in this industry). Subscript M denotes marginal firm variables. Graph 4.1
draws firm costs w;/T;a,(j)% as a function of the industry ', for four types

of firms: home country’s most efficient firms (k= 0) and marginal firms

(k= M); and, similarly, foreign country’s most efficient firms and marginal
firms. Solid lines correspond to home-country firms whereas dotted lines
correspond to foreign-country firms. For each country, the lower line cor-
responds to the most efficient firms’ cost (recall that, due to normalizations,
wy /Trag(j)z = 1). Upper lines correspond to marginal firms’ costs. Since
a(j) is decreasing, domestic firms become relatively less efficient as we move
towards higher ;.

13. This is an imprecise equivalence because the share of profits in national income may not be
the same in both countries. A sufficient condition for this equivalence to be precise is that the
schedule a(j) is symmetric; where symmetry is defined as a(j)= 1 / a (1 —j) for every j. To see
this, consider an economy where this condition holds and assume 7 = 1. It can then be shown
that both countries would have the same wage and income (note that equilibrium in this eco-
nomy involves P (1 —j) = a(j) P(j)). Now, consider any T'= 1. Recalling that dw" / dT'> 0 and

dv / dT> 0 we conclude that "> 1 and v > 0.5 if and only if 7> 1. Moreover, as long as the
difference between countries’ aggregate efficiency is large enough, the richer country will also
have a higher wage even if the schedule a(j) is not symmetric.

14. The ratio w; / Ta,(j) % is firm k’s cost per unit of quality (or, equivalently, per unit of output
value): see footnote 10.
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GRAPH 4.1: Specialization across goods
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Note: Each line shows costs across j for four types of firms: the most efficient firm (firm 0; so that z = 1) and the marginal firm

(firm M) in the home country (solid lines) and the foreign country (dashed lines).

Expression (3.7) implies that two firms ky(j) and k;'(j) in a given in-
dustry, one from each country, have the same market share if they have the
same cost ratio. That is, if w/ Tagz(ky(j)) = 2(kg(j). Now note that for in-
dustry j = j (T), the most efficient home firm has the same cost ratio as the
foreign marginal firm. Hence both firms have zero market share since, by
definition, marginal firms have zero market share. Thus, for j> j (T) the
most efficient home firm has higher costs than the marginal foreign firm.
Hence home-country output for j= j,; (T) is zero. Symmetrically, for j < 75 (T)
foreign output is zero. Now, any increase in 7 shifts downwards the domes-
tic schedules since the ensuing increase in the equilibrium wage w"is less
than proportional (proposition 4.1). It therefore moves both cutoffs j,; and
jrto the right. Therefore,

Proposition 4.2. An increase in a country’s aggregate efficiency expands the range of
industries where the country is a producer.

As long as higher income is linked to aggregate efficiency, this propo-
sition implies that richer countries export a wider set of goods. As pointed
out in the introduction, Hummels and Klenow (2005) have shown the large
quantitative importance of this extensive margin of exports.
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The formal argument for this result is as follows. Denote by P the val-
ue of P(j) that solves ¢ 5 (P(7)) =1 (see the proof of proposition 2.1 for details
on P, which is the same for all j) *°. This must be the equilibrium price at
the cutoff industry j; Moreover, the most efficient domestic firm in in-
dustry j; must be exactly on the edge of being active. Hence, j; (T) is the
industry satisfying s,z (/1) = 1 = ew” (T) / [P Ta (j) %] = 0. That is,

w (1)

@)= PT

(4.1)

Differentiating with respect to 7"and recalling proposition 4.1 yields
the result in proposition 4.2:

> 0.

djy 1 a(jn) [dw* T 1
dT 9a(jy)/9djy f

4.3. Comparative costs and country market shares

The cutoff between industries where the home country has a cost advantage
and those where the foreign country does corresponds to the crossing of
the two upper lines in graph 4.1. This cutoff is denoted by j* and satisfies:

Ta (%) / w' (T) = 1. (4.9)

This is the single cutoff in the standard DFS model without transporta-
tion costs. In thls standard model, country H is the only producer and ex-
porter for j< j“, and Fis the only producer and exporter for j> 7. In this
model, continuity of firms’ market shares on wages and efficiency parame-
ters leads to the following,

Proposition 4.3. Home county’s market share in industry j is a continuous and de-
creasing function of its comparative cost w/ Ta(j).
Graph 4.2 illustrates the pattern of market shares implied by this prop-
osition. It is straightforward to check this proposition recalling that country
s market share is the sum of its firms’ markets shares. Expression (3.9)

15. It can also be shown that marginal firms’ efficiency is given by zy,= ¢ / P.
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GRAPH 4.2: Country market shares across industries
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for ky(j) implies that the set of domestic active firms is decreasing in

w/ Ta(j). On the other hand, expression (3.7) implies that each domestic
firm’s market share is decreasing in w/ Ta(j). Thus, lower comparative cost
implies larger home-country market share both because the number of its
active firms is larger and because each firm has larger market share. On the
other hand, lower ratio w/ 7Ta(j) also implies a lower equilibrium industry
price level P(j)" (proposition 3.1), which pushes foreign output and market
shares down.
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5. Countries’ Output
Quality Within Each
Industry

THIS section characterizes countries’ specializations within each industry
along the quality dimension. Subsection 5.1 investigates which countries
produce each specific quality within each industry, and how this relates to
wages and absolute advantage. In turn, subsection 5.2 focuses on average
quality. Results are then compared at the end of the section with the empiri-
cal evidence in section 2.

5.1. Who produces which qualities within each industry?

For obvious reasons, the analysis in this subsection focuses on industries in
the interval (j5 ji) where both countries have positive production. Consider
an industry in this interval. Active firms from country ¢ span the interval of
efficiencies (7; a,(j) %, T; a;(j)] which determines the interval of qualities
produced by the country. From (3.8) it is clear that the country with the
highest value of 7; g,(j) (i.e., the country with the absolute advantage in this
industry) produces the highest quality. This expression also implies that the
least efficient active firm in each country produces the lowest quality in that
country. Now, who does produce the lowest quality in the world market?
Consider the least efficient firms from H and F: ky(j), k(j). From (3.8) and
(3.9), we have:

Wy W

PO LguG''® PG Lgu(/ "

This yields,

(2]
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Therefore, the lowest quality variety is produced in the country with
the lowest wage. The reason is that lower wages allow lower-efficiency firms
to be competitive; but lower efficiency implies producing lower quality. Now,
consider the range of quality varieties produced by country 7. The span of
this range can be measured by the ratio between the highest and the lowest

quality:

%:() ( T; a,(j) )G 1
= (5.2)

()~ \ T a() Zii) (Ziig)°

Since for any P(j), z; will be lower for the country with lower cost
w;/Ta,(j) (see expression [3.9]), we conclude that the country with the
cost advantage in industry j produces a wider spectrum of qualities '”. Sum-
marizing,

Proposition 5.1. Consider an industry where both countries have positive market
shares: 1) the highest quality is produced in the country with the absolule advantage;
2) the lowest quality is produced in the country with the lowest wage; 3) the country
with the cost advantage produces a wider spectrum of qualities.

Graphs 5.1a and 5.1b illustrate this proposition assuming that the
home country has higher wage level. Graph 5.1a considers an industry where
the home country has an absolute advantage. Hence it is the unique producer
of the highest qualities ¢ € (¢j), qou(7)]. On the other hand, the foreign
country is the unique producer of the lowest qualities ¢ € (gi(J), giz(7)) since it
has lower wage. Graph 5.1b considers an industry where the foreign country
has an absolute advantage. Hence the foreign country is the unique producer
of the highest qualities ¢ € (qyx(7), gr(j)], as well as the lowest qualities. The
richer (home) country only produces some intermediate qualities.

Proposition 5.1 shows some of the connections between vertical and hori-
zontal specializations. Comparative costs w / Ta(j) determine market shares across
goods as well as the relative width of the range of qualities produced by each
country. Then, each of the two components of this ratio plays a specific role: a
high denominator (high absolute advantage) is linked to producing the

17. See Bernard, Redding and Schott (2007) for a similar result in a heterogeneous firm model
with no quality differentiation. Also note that this result implies an extensive margin of exports with-
in the quality dimension: an increase in a country’s income brings about an increase in the range
of qualities exported within each industry. The reason is that an increase in a country’s aggre-
gate efficiency raises its comparative cost advantage in all industries where it is an exporter
(since, according to proposition 4.1, the ensuing wage increase is less than proportional).
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GRAPH 5.1a: Interval of quality varieties produced by each country.
The case of an industry where the richer country (H)
has an absolute advantage
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GRAPH 5.1b: Interval of quality varieties produced by each country.
The case of an industry where the poorer country (F)
has an absolute advantage
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higher qualities, whereas a low numerator (low wage) is linked to producing
the lower qualities.

Graph 5.2 provides an overall picture of countries’ horizontal and
vertical specializations. In comparison to graph 4.1 it includes a new dot-
ted line that depicts the inverse of country /s efficiency across industries 7a(j).
This new line is drawn assuming that country H has a higher wage level than
F (w> 1) so that it is below the w/7a(j) line. Industry j** is the cutoff be-
tween industries where the home country has an absolute advantage (to the
left of /**) and industries where the foreign country has it (to the right).
According to proposition 5.1, country H produces the highest-quality varieties
to the left of j* and country Fdoes so to the right. Moreover, to the left of
Jj country H has also a cost advantage and produces the widest spectrum of
quality varieties (symmetrically for Fto the right of this cutoff). As explained
in graph 4.1, both countries have positive production for industries be-
tween jrand jy. Between j** and jy;, the poorer country is the only producer
of the highest quality varieties in spite of the richer country being also a pro-
ducer of these goods. To the right of j;; the poorer country is also the unique
producer of the highest qualities but in a trivial sense since the richer coun-
try does not produce these goods at all. The lowest qualities of all the goods
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GRAPH 5.2: Specialization across goods and quality specialization
within goods

A A

1/z

M

1
w+/Ta (j)zM

w+/Ta(j)

1/Ta(j)

Note: The graph adds the inverse of country H's efficiency across industries 1/ 7a(j) (the dotted line) is added to the lines al-
ready in graph 4.1. Country His assumed to have a higher wage level. For goods between jrand j, both countries have positive
production. To the left (respectively, right) of 7' country H (resp. country F) has an absolute advantage and produces the highest-
quality varieties. To the left (resp. right) of j it has a cost advantage and produces the widest set of quality varieties. To the right

of j country Fproduces the lowest quality varieties.

are produced in country Fexcept to the left of j, which corresponds to the
interval of goods not produced in this poorer country.

Note that /** in graph 5.2 could be to the right of j. This would
imply that the richer country does not produce some of the goods for which
it has an absolute advantage '*. Another interesting particular case occurs
when 7a (1) > 1 (the richer H country has an absolute advantage in all
goods) and 7a (1) /w > z; (it produces some variety of every good).
Country specialization in this case roughly corresponds to the one de-
scribed in trade models with only one quality differentiated good: the
richter country is the only producer and exporter of the higher qualities of
all goods.

18. The country with the absolute advantage in a given industry may gradually abandon it as
wages increase. For example, Florida might have the highest absolute advantage for producing
oranges, but it would loose market share as its wage level rises (proposition 4.3). The market
share reduction will concentrate on the cheapest (lower-quality) varieties which are produced by
the least efficient firms. Eventually, for sufficiently high wages, even the most efficient firms
would be unable to survive in spite of the absolute advantage.
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Proposition 5.1 points out that the production of the highest qualities is
not directly linked to country income but to absolute advantage in each spe-
cific industry. Still, it is more likely that richer countries produce the higher
qualities for the simple reason that countries are richer just because they have
an absolute advantage in more (or more important) industries. Some sources
of absolute advantage may have an imperfect, low, or even null correlation with
per capita income (e.g., specific natural resources or histories of specialization
that created some local knowledge and other positive externalities in particular
industries). However, the general sources of absolute advantage tend to be
highly correlated with income (e.g., high average education, easy and cheap
access to financial resources, good institutions, or public infrastructures). The
fact that richer countries tend to produce the highest qualities for a larger set
of goods than poorer countries is reflected in the model as follows:

Proposition 5.4: The richer country produces the highest qualities for a set of indus-
tries that is larger than the set of industries for which it has a cost advantage.
This can be checked using graph 5.2. If His richer, then 1/ Ta(/*') =

=1=w/Ta(j*)>1/Ta(j*). Therefore, since a(j) is decreasing, j“ is
always to the left of j*4.

5.2. Average quality

5.2.1. Average quality and income level
Average quality of world’s and country ¢’s output in industry j are, re-
spectively:

Qw(j) = Z i=H, Ff}g 17:(7) @i(j) dk,

J6 m4G7) gui(s) dk

()= !
@0 J6 i)

where 7,(j) is firm k,(j)’s share in the world market of j, in physical units of
output. Since,

7(7) = %i(]) = 5i(J) —Q'W(]) ’

Zi=H, rﬁ)’ xki(]') dk G
we have:
0= — b Ak (Tiai(f))"  Jis)dk g
15 540) / i) i W b L)/ () dk
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Recall that differences across countries in market shares s;,(j) and in
the measure of active firms k(j) can only arise as a consequence of differ-
ences in comparative costs w;/Tia;(j) (see expressions [3.7] and [3.9]). Itis
then immediate the following.

Proposition 5.2. Consider an industry where both countries have positive production. Con-
ditional on comparative costs, higher country wage implies higher average quality.

The intuitive argument for this result is simple. Two countries with
the same cost level in a given industry will have the same measure of active
firms; and for every k, firm kin one country will have the same market share
than the corresponding firm kin the other country. However, if the wage in
one of the countries is higher, then it must be the case that this country has
higher absolute efficiency in the industry. Thus, for every pair of firms with
the same cost and market share, one from each country, the firm from the
country with higher wage is more efficient and produces higher quality.

This proposition suggests that regressions between export average
quality and country per capita income should be run conditional on some
measure of comparative costs. This motivates the approach in section 2, as
we discuss at the end of this section. Still, unconditional regressions between
average quality of exports and country per capita income have delivered
significant positive coefficients for a large set of industrial goods, as well as
at the aggregate level (see Schott, 2004 and Hummels and Klenow, 2005).
Proposition 5.2 is consistent with these empirical findings as long as, for a
large set of industries, cross-country differences in costs are moderate or are
not positively correlated with country per capita income (since, as proposi-
tion 5.3 states below, larger comparative costs bring about lower quality).

5.2.2. Average quality and comparative advantage

Consider now the average quality consequences of differences in com-
parative costs conditional on wages. Given wages, differences in comparative
costs in an industry imply higher absolute advantage. In an economy with
homogeneous firms and the same wages, average output quality would un-
questionably be higher in the country with higher absolute advantage in the
industry. However, the relationship may be uncertain if firms are heteroge-
neous. The reason is that higher absolute advantage involves a larger set of
active firms in the country and a reallocation of market shares across firms
producing different qualities. Market shares of less-efficient firms (which
produce lower quality) could increase relative to the market shares of more-
efficient firms when the country’s efficiency increases. In fact, it is straight-
forward from (3.7) that this will be the case. For some distribution of firm
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efficiencies, this could give rise to a negative composition effect such that
higher efficiency involves lower average output quality. Nevertheless, reason-
able assumptions on the distribution of efficiency across firms may rule out
this possibility.

Let us consider the following distribution pattern of firms’ efficiency,
which satisfies the general characteristics assumed on g(k) at the beginning
of section 4:

z=e% 0>0, ke [0, ©]. (5.4)

Larger 6 involves wider heterogeneity across firms. This distribution is
flexible enough to approximate a wide array of possible industry configura-
tions. Using (5.4) to substitute in (5.3) we have:

%lnb+%—l]
Q"w:( L1 o 1] o
Y}ai(j))ﬂcr 1+~ 140 b
wherebsw.
wie

7

The derivative of the log of Q,(j) with respect to country’s efficiency in
industry j, T a,(j), yields:

WTaG) QG 6 4i) i)

Thus, higher efficiency in industry j implies higher average quality.
Note that differences in Q(j) across countries only depend on differences in
the wage level and efficiency in the industry. Moreover, conditional on wages,
higher efficiency in the industry implies lower comparative cost. Therefore,
we have the following

Proposition 5.3. Consider an industry where both countries have positive produc-
tion. Conditional on wages, lower country comparative cost implies higher average
output quality.

The empirical exercise in section 2 is directly related to propositions
5.2 and 5.3. Section 2 shows for two illustrative goods that PCGDP and RCA
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are jointly and significantly correlated with export unit values (whereas un-
conditional correlations are not significant in some cases). Still, to make
more transparent the connection between the empirical section and the
propositions, we now check the relationship between the observable RCA in-
dex used in the regressions and the comparative cost concept used in the
propositions. Let us restate the definition of RCA using the notation devel-
oped so far (recall that country i exports a fraction (1-v;) of each good):

(I-v) Sbl] Yy y Zh:H,F(l_vh) Sbhj Yy
(1-v) Y, Zh=H,F (1-v) Y,

RCA(j) =100 -

(5.7)

U

=100 0),

where {(j) = Zh:H,F (1-v) v,/ Z,,,ZH)F (1-,) ¢ Note that {(j) only de-
pends on the industry and therefore enters the expression for RCA,(j) in the
same way for all countries. Hence, conditional on the country’s income
share v;=Y; / Yy, there is an increasing one-to-one mapping between the
country’s RCA in a given industry and its comparative cost ratio 7; ;(j) / w.
Therefore, we can use RCA to test propositions 5.2 and 5.3 by including ex-
porter’s GDPin the estimating equation, in addition to RCA and PCGDP
(this last variable being used as a proxy for the wage level). When the log of
exporter’s GDPis added to the equations estimated in section 2 it turns out
to be not significant, whereas the significance of PCGDP and RCA stays the
same. In sum, the evidence in section 2 is entirely consistent with the model
and, in particular, with propositions 5.2 and 5.3.
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6. Concluding
Remarks

RECENT empirical research has documented the importance of country
specialization across both the horizontal and the vertical dimensions of
goods to characterize the current patterns of trade. Existing models tend to
concentrate on only one of the two dimensions of specialization and neglect
their possible connections. However, the evidence provided at the begin-
ning of this paper suggests that these connections may be important. This
paper provides an integrated model where both the horizontal and the ver-
tical dimensions of trade are present and their interactions are investigated.
The paper shows that the factors that create absolute and comparative ad-
vantages across goods also play an important role in the vertical specializa-
tion within goods. The model is consistent with the specific empirical moti-
vation in the paper as well as with previously documented facts. Some of the
most important simplifications of the model relate to demand. Generalizing
this component of the analysis seems an especially interesting direction for
further research.
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Appendix

Firms’ profit maximization first order conditions

Firms maximize profits 7,,(j) = %,(7) [ ¢.:(7) P() — (g, 7)1 with respect to x,,(j) and
¢i(7), taking as given industry inverse-demand function (3.4) and other
firms’ output and quality choices. Thus, from firm k,(j)’s perspective,

IP() PG) qui

_ nd aP(j) _ P3) x; '
9%:(j) Z g=H.F Z h qhg(j) xhg(i) Ii(7) Z g=HF Z 3 %g(f) th(f)

Hence profit maximization yields the following FOC:

aﬂ:ln (])

oP()
= Yki P i 7} Wi Y -
23,0 = 4(7) PO) + %i(7) qui()) 9.0 i (¢ 9) =
(A.1)
= P(j) = su(j) P(j) - & (6],])
kl(])
377-'kz(7) . 0FP() 96 (¢, 7)
) i ) T ; =
94i(j) 0+ 4l 9Gi(j) 9Gi(j)
3¢, (4, 7) (A.2)
= P(j) =) P) = =L
klO)

Then (A.1) and (A.2) yield (3.7) and (3.8) in the main text.

Proof of proposition 3.1

First, let us characterize the functions ¢ (P(j)) and ¢ ;(P(j)Ta(j)/w). Note that
(3.9) implies that the number of active firms £(j) is increasing in P(j). Moreover,
when a firm just becomes active it starts with a zero market share. Then, its
share increases continuously as a function of P(j). As a result, we have from ex-
pressions (3.7) and (3.9) that ¢;is continuous in P(j) and satisfies:
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I) If P(j) < e/ %= ¢, then ¢y; (P(j)) = 0;
IT) if P(j)> ¢, then ¢; (P(j)) > 0 and strictly increasing;
1) since limp_. .. ¢55 (P(j)) > 1, there exists P, P > ¢, such that ¢/5; (P) =1.

Note that P does not depend on any parameter specific to industry j
due to the normalization of foreign industry parameters. Similarly, it is easy
to check that ¢ is also a continuous and increasing function of the ratio
P() Ta(j) / w. Moreover,

0 ifandonlyif P(j) Ta(j) /w=e,

iy (PO TaG) /) =\ i and onlyif  PG) Ta(j) / w= P,

Now, the following claim completes the proof of proposition 3.1 by
showing how the equilibrium price P;"is determined as a function of any
possible value of the ratio 7a(j)/w.

Claim 3.1.A. For any T, w, and the industry parameter a(j), there is an in-
dustry equilibrium price P;". Moreover, P;" is a continuous and decreasing function of
the ratio Ta(j)/w, the same for all j, satisfying:

(=P if Ta(j) /w e (0, ¢/P],  impying ¥;=0,
IFE]‘: 1
o ' P>P'>e¢ ifTa(j)/w e (¢/P, P/e), impying ¥, >0,
PP (g /w0 | 0 woao
_ _ 7 '
P Y <eifTu()/we [Ple), impying ¥y=1,
Ta(j) .0
gl )

AP’ A (Ta(j) / w)

J

P’ / Ta(j) / w

Moreover, if Ta(j) / w € (e/ﬁ, 13/6) then 0 >
To prove this claim, fix any value of 7'/ w. Then,

I) For0< Ta(j) / w= ¢/P we must have Pj* = P since for any ratio
Ta(j) / win that interval, P(j)< P would imply ¢/ < 1 and ¢/;;= 0
(and P(j) > P implies ;3> 1). Hence ¢p;= 0 and /5= 1.

IT) Now consider 7a(j) / w= P /e. We then have Pf =Pw/[Ta(j)] = e,
since: 1) for a price lower than this expression we would have ¢/;;; < 1
and ;= 0; 2) for a price higher than this expression we would have
¢p;> 1. Hence ;=1 and 3= 0. Note that at the initial point of the
interval defining this case, 7a(j) / w= P /e, this result implies P’ = e.

IIT) Consider now intermediate values 7a(j) / w € (¢/P, P /e). Starting
from Ta(j) / w = ¢/P and P/'* =P, any increase in 7a(j) / w raises
home-country market share above 0. This must be compensated
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by a reduction in P;"so that (3.10) can be satisfied by means of a
reduction in the foreign market share. Moreover, the relative in-
crease A (Ta(j) / w) / (Ta(j) / w) must be larger (in absolute
terms) than the relative reduction in the equilibrium price A P(j) /
P'(j) (otherwise the home country share would be either unaffect-
ed or reduced while the foreign share is reduced). This will be the
case until ¢; turns out equal to 0 as 7a(j) / wreaches ¢/ P.

Proof of proposition 3.2

Consider equation (3.11) in the text:
o o %] )
St di=gs By e — 20—

[T a(j) )"~

1 el . w<
=—— [0 250 B @) () ¢ —————dj=
; b 2000 P quli) %l P Tag)s lj

1 o . g .
— Yy X ) L= s() dj=1; i=HE

Recall that market shares s,,(j) are functions of the ratio 7"/ w and
prices P]*, and that, in turn, prices are also functions of the ratio 7"/ w.
We can then define ¥, (T / w) = [} Z:=o () [1 = 5,()] dj. Dividing expression
(3.11) for i = Fby the same expression for i = H yields:

w V(T / w) _

1. (A.3)
¥y (T/w)

This condition can be used to substitute for one of the labor-market
equilibrium conditions (3.11). Wages satisfying (A.3) guarantee that
country shares in production match relative labor supplies, whereas (3.11)
for either H or Fcan be used to insure that world income Yy, adjusts to the
scale that is consistent with the absolute size of world labor supply.

Foreign market shares s,(j) are increasing in P; and therefore decreas-
ing in 7'/ w. To the contrary, domestic shares are increasing in 7"/ w since
they positively depend on this ratio and the elasticity of P;" with respect to
T /wis lower than 1 (see the last statement in claim 3.1.A in the proof of
proposition 3.1). Then, recall that a (1) = ¢, = min(a(j)) and a (0) = q, =
=max (a(j)). Therefore, from claim 3.1.A (in the proof of proposition 3.1) we
have that T/ w= e/ (Pa,) implies ¢y=0alljand T/ w= P (a; ¢)implies
¢ = 0 all j. Now, assume the distribution of efficiencies is such that no firm
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has more than half the market share in any industry, e.g., 5;(j) < 0.5, all j
(this assumption is not necessary but greatly simplifies the proof). Then, it is
easy to check that:

- , o [ T/ w=e/(Pay) = ¥, (T/w)=0.

¥, (T =} 1- dj: ‘ _ _

u (T/w) IOZk:OSkH(])[ Si)) & e/(Pa)<T/w=P /(aye) = ¥ (T/w)>0and increasing.
T _py VT — s (1] dit e/(FaO)_s T/w<P /(ae) = ¥p(T/w)>0and decreasing.

P/ 5 ) (=) a5 IO

As integrals of continuous functions s;in 7'/ w, V' T/ w) and ¥ (T / w)
are also continuous in 7'/ w. Define the function ® (T /w): (e / (F ay ), P/
(a e)] = [0, ) as® (T /w)= ¥y (T /w) /¥y, (T /w). This function is char-
acterized as follows:

llmT/w_,l,/(ﬁﬂo)q)(T/W)zoo _ _
® (T /w)is strictly decreasing in T /w if e / (Pag) < T/w <P / (a e).
®(T/w)=0 if T/w=P / (a ).

Now, for any given 7 e (0, ), the product w - ® (T / w) can be seen as
a function of win the interval [a, ¢/ PT, Pa, T / ¢), which is again continu-
ous in w and satisfies:

lim,, sy, ., w- P (T /w)=c0.
w-® (T /w) y strictly increasing in w if PayT/e>w>aye/PT
=0 ifw=a1e/[_’T.

Therefore for any 7"> 0 there exists w,a e/ PT<w<P ay T / e, satisfy-
ing the general equilibrium condition w" - ® (T'/ w") = 1. Moreover, since
® (T /w)is decreasing in T'/ w, w' = w' (T)is increasing in 7.

Proof of proposition 4.1
First, consider the following,

Claim 4.1.A. (Differentiability of country market shares and prices).
With a continuous number of firms, ng]- (P(j) Ta(j) / w) and gbpj (PG))
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¥, (T /w) 0 and OV (T / w)
a(T/w) d(T/w)
To prove this claim, it is useful to define m = P(j)T,a,(j)/w; and
consider firm and country market shares as functions of m. Note from ex-
pression (3.7) in the main text that each firm’s market share s(j) is contin-
uous and differentiable at all points m > 0, except at the point where the
firm switches from being inactive to being active. Specifically, for k; = k(j),

the firm’s market share s;(j) is continuous but not differentiable:

are differentiable. Furthermore, <0.

. 0 . . 0 L1
lim,, o = si(f) = 0 = im,, e =2 s3i(7) = .
However, the country’s aggregate market share ¢ is differentiable at
all points, as stated in claim 4.1.A. Specifically:

im, e )=l e (1= ) k=
am h om

' my g (k)
e 5 g
h om mg (k) mg (ki(j) | om
e . J
= [y e dk = hmmh_),,ﬁ - Gy (my).

Therefore, ¢;; (m)is differentiable with respect to m, for all m> 0. More-
over, d¢; (m) / dm> 0.

Now, assuming to simplify the proof that the distribution of efficien-
cies is such that no firm has more than half of the market in any industry

(%0i(j) < 0.5, all y), we have:

a‘FF(T/w)_ 1 {dZ::OskF(j)[l—skFg)] B
9 (T/ w) _I”\ 4(T/w) 7=

. azlosld{j) [1-suG)] dP/

-0 P’ d(T/w)

dj <0.
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W (T/w) (dZ:LOskHo') (0= il |
=Jo =

o(T/w) d(T/w)

-f)

d Z:=0 SkH(i) [1 - 51;[-[(].)] . dP;e T/w-| .
Pl dj > 0.

(P T/ w) T ar/w P

AP A(T/w)

J

Where the last inequality takes into account that 0 = P —/ T/ w)

for all j, with strict inequalities for an open interval (see claim 3.1.A). This
completes the proof of claim 4.1.A.

Now, to check 1) in proposition 4.1 use claim 4.1.A to differentiate

expression (A.3) with respect to 7. This yields:

0< dw” T = ‘o <1,
dr w" cp—1
(A4)
where eq = S LXr(L/w) /¥y (T/w)] (T/w) 0
? d(T/w) YT/ w) /¥y (T/w) '

To check 2), note first that both countries have strictly positive market if
Tu(j) / w € (¢/P, P /e) (see claim 3.1.A). Differentiating P;" (7a(j) / w) with re-
spect to Tand using claim 3.1.A and (A.4) yields:

r T T/w [1_ d_w_T]<Oforjsuchthata(j)e(fw , ﬂ) (A.5)
PT el

P 9(T/w) P T w

For industries where the home country is not a producer or it is the
unique producer we have:

P
& T' =0 for jsuch that a(j) € (0, a_i]

ar p’ PT.
d_w_ ar; = ﬂ for jsuch that a (j) [PE, 00 )
w P T el

J

To check 3) consider country 7’s income:

Y= 15 1S PG) qui) i) dk] dj= Yoy [ by .
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Thus, the elasticity of relative income with respect to home aggregate
efficiency is given by:

Ay T dY [d,bH] ]d P[d% ]d o
dr Y,  dT Yr AT ¢y dr

The sign follows from the arguments above in this proposition imply-
ing dfy; / dT= 0 and dfy; / dT < 0; with strict inequalities for industries
where both countries have positive production. Thus, country 7s share in
world income v, is increasing in its aggregate efficiency.
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