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Chapter 1
General Introduction

This thesis examines four different topics in the area of international trade. Chapter 2 uses
Brazilian firm-level data to study the relation between quality upgrading and pricing across
firms and destination countries. Chapter 3 studies the links between income inequality and
the patterns of trade and export prices. Chapter 4 analyses how GATT/WTO (General
Agreement on Tariffs and Trade/World Trade Organization) membership affects the price
volatility of import and export countries. Finally, Chapter 5 looks at the Jewish Diaspora
to study the effect of Jewish networks on trade flows. Each Chapter is treated in a sepa-
rate, self-contained article, and chapters are connected through the microeconomic theory
and microeconometric methods applied. The thesis contributes to the literature on trade
flows and trade prices, firm heterogeneity, product quality, and networks in international
trade.

While Chapter 5 focuses on trade flows, Chapters 2, 3, and 4 offer explanations for the
sources of price variation across firms and countries, both from the demand and supply
side. Cross-border price differentials are one of the most strinking manifestations that the
economy remains largely segmented along the borders. In a world with perfect competition
and without product quality differentiation, prices across borders reflect production and
transportation costs and, hence, should vary according to these characteristics. Although,
when countries import and export different product qualities, and when there are market
imperfections such as market power, firm composition, and discrimination, prices across
destination markets also reflect those characteristics.

Chapter 2 studies the relation between product quality and pricing across products, firms,
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and destination countries. The relation between prices and product quality has attracted
a lot of attention from the literature. Many studies have found that prices vary systemati-
cally across destination countries and suggested that demand for product quality explains
this variation (countries with higher income have preferences over higher quality products,
and pay higher prices for them). Although, without direct information on product quality
variation, it has not been possible to disentangle product quality from other sources of
price variation, such as market competition, firm composition, and destination country
characteristics.

Chapter 2 uses direct evidence on producer quality upgrading over time, which makes
it possible to separate the quality effect from other sources of price variation. Using a
difference-in-difference-in-differences approach, that discerns quality upgrading by destina-
tion market and timing, Chapter 2 presents evidence of quality-based market segmentation,
by which firms raise quality and prices at high-income destinations. Results reveal that
differences in prices across destination countries are not driven by differences in markups,
market share, or elasticities of substitution, but by demand for high quality in high-income
countries. To my knowledge, the study presented in Chapter 2 is the first one to provide
direct evidence on quality upgrading over time and to sort out the different effects that
drive price variation across firms and destination countries.

One important simplification from Chapter 2 is the assumption that all individuals in a
country have similar preferences and consume the same type of quality, i.e., high (low) in-
come countries consume high (low) quality. Chapter 3, which is a joint work with Eckhard
Janeba, relaxes this assumption and studies the effect of the second moment of the income
distribution on trade and product prices. The contribution of Chapter 3 is to provide first
firm-level evidence of the links between income inequality and the patterns of trade and
export prices. To identify the mechanism behind these links, we propose a model in which a
country has a continuum of individuals, who differ in their skill/ability. We consider three
income groups (poor, middle income, and rich) with different preferences over high and low
quality products, and show that the aggregate demand depends on the distribution of skills
and income in a country. Because preferences over different types of goods depend on the
individual income, a more unequal income distribution leads to higher average prices. We
confirm this prediction using detailed firm-level data for Brazilian exporters and establish

new stylized facts. Results reveal that not only the first moment, but also the second



moment of the income distribution in the destination country determines export prices:
Prices are sistematically higher in high income and more unequal destinations. This result
holds only for differentiated goods, and in particular for varieties with high vertical differ-
entiation. Results suggest that product quality and markups are adjusted to serve different
markets, and in particular to serve more distant, richer, and more unequal markets.
Chapter 4, which is a joint work with Vinh Cao, studies the importance of multilateral trade
agreements for price behavior, in particular the effect of GATT/WTO membership on the
volatility of import and export prices. Since Rose (2004), many researchers have questioned
the role of GATT/WTO for trade promotion and the advantages of adhering to the WTO
principles. Besides trade promotion, GATT/WTO may help for convergence in expecta-
tions and policy transparency in ways that promote stability. At the firm-level, reduction
in trade barriers by multilateral treaties may force competition and reduce the market
power of firms, such that producers can no longer pass along their production cost shocks.
Moreover, under multilateral trade agreements, firms can better react to market-specific
demand shocks by switching to alternative markets. Thus, multilateral trade agreements
may play a risk-reducing role and act as device for a more stability-oriented price setting
behavior. We show first empirical evidence of the effect of GATT/WTO membership on
world trade prices and on price volatility. Results suggest a surprisingly strong and robust
empirical regulatility: GATT/WTO membership reduces the volatility of prices over time
for both import and export countries. Using price levels, results reveal that GATT/WTO
membership increases prices over time for exporters, and this effect is captured solely by
differentiated goods. We find similar results for FTAs. Since the channel that explains the
effect of FTA and WTO membership on prices is alike, the results for FTA represent an
important verification of the importance of multilateral trade agreements for price behav-
ior.

Chapter 5, which is a joint work with Gabriel Felbermayr, shifts the attention from ex-
port prices to export flows and the importance of networks in international trade. Using
a newly build data on the Jewish population, which allows for a rich panel data analysis,
Chapter 5 studies the importance of informal networks in explaining bilateral trade flows.
Evaluating the effect of the Jewish Diaspora on trade is particularly interesting: (i) the
creation of the State of Israel provides high variation in the migration flows; (ii) the Jewish

population exhibits a deep and abiding commitment to life in community and is known for
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building strong networks. Using a theory-based gravity model and the pseudo-maximum
likelihood estimation as our main econometric strategy, we find robust trade creation effects
of networks. In our benchmark specification for the period 1951-2000, the jewish networks
lead to a trade creation of 0.85%, compared to 23.6% of trade creation due to free trade
agreements. We show that the high trade creation effects found in the earlier literature
are due to omitted variables bias, leading to overestimation of the network effect. Results
are robust to several specifications, and, using the tariff equivalent, we find no evidence
of a decrease of the network effect over time. The analysis shown in Chapter 5 adds to
the literature on the importance of trade barries, in particular informal trade barriers, for
international exchange.

The thesis is organized in such a way that the chapters can be read independently of each

other. References are collected in the bibliography.



Chapter 2

Quality Upgrading and Price
Heterogeneity: Evidence from

Brazilian Exporters

2.1 Introduction

A growing body of literature has documented a systematic variation in export prices across
destination countries. While the literature has suggested quality differences as one plau-
sible explanation,! the lack of direct data on producer quality has limited the empirical
evidence to the use of proxies. Thus, it has not been possible to separate the quality effect
from other sources of price variation, such as market competition, firm composition, and

further destination country characteristics.? 3

'Hummels and Klenow (2005) and Hallak (2006) find that prices increase with exporter and importer
income per capita, respectively, suggesting that high-income countries consume and produce high quality
products. Similar evidence is found at the firm-level (see Manova and Zhang (2012) and Bastos and Silva
(2010b)), and using a structural approach such as Khandelwal (2010) and Hallak and Schott (2011).

2Crozet, Head, and Mayer (2011) study French wine producers and offer the only direct evidence on
how quality ratings affect prices and exports. They focus on price variation across firms (rather than
across destination markets) in a cross-section analysis, which does not allow disentangling the sources of
price variation.

3Understanding the sources of price variation is crucial for policy analysis. The literature suggests
that countries with intermediate levels of productivity and product quality may be the big winners of
globalization: in the catch-up phase, wage, productivity and quality differentials in countries such as
Brazil, China and India create profit incentives for firms to increase product quality, and raise their gains
from trade (Sutton 2007). In particular for Latin-American economies, it has been argued that firms have
increased product quality to high-income countries, while the domestic market and neighboring low-income
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I use producer quality information of Brazilian exporters over time, proposing a new
methodology that allows sorting out product quality from other sources of price varia-
tion. Using a difference-in-difference-in-differences approach that discerns quality upgrad-
ing by destination market and timing, combined with matching techniques, I find evidence
of quality-based market segmentation: firms increase product quality and prices in high-
income destinations. The results reveal that differences in prices across destination coun-
tries are not driven by differences in markups, market share, elasticities of substitution, or
selection effects, but rather by demand for high quality in high-income countries. To my
knowledge, this is the first study that provides direct evidence on quality upgrading over
time, and that sorts out the different sources of price variation across firms and destination
countries.

To provide a framework for the empirical analysis, I present a stylized partial equilibrium
model that combines quality upgrading, skill upgrading, and product innovation invest-
ments. The model considers two markets heterogeneous in income, North (high income)
and South (low income), and heterogeneous firms that endogenously set prices and quality
to these markets. The model generates three testable predictions. First, for firms that
invest in product innovation it is optimal to increase product quality and product prices.
Second, due to the differing willingness to pay for quality across countries, firms have rel-
atively stronger profit incentives to increase product quality for high-income (Northern)
countries. For a sufficiently low income in Southern countries, consumers in the South only
consume low quality products. Thus, quality upgrading and market segmentation explain
higher prices in Northern countries. Third, producing high quality requires better qualified
workers. Hence, firms that upgrade quality also increase their share of skilled workers.

I test the model using novel and uniquely rich Brazilian firm-level data, which allows me
to build a direct and comprehensive measure of quality upgrading, rather than relying
on proxies. The data includes: (i) export price data by firm, product, and destination
country; (ii) employer-employee data with workers’ characteristics; and (iii) a detailed firm
innovation survey, including self-reported measures on the importance of product quality

upgrading.? Additional variables such as world import and export flows help to control

countries have continued consuming low quality varieties (See Brambilla, Lederman, and Porto (2010) and
Verhoogen (2008)). However, price variation across countries could also reflect markup pricing, as shown
by Simonovska (2010). The current literature does not allow disentangling these effects.

4The PINTEC (2000) firm innovation survey is available for a representative sample of 3,750 Brazilian
manufacturing exporters, and contains 154 questions related to product and process innovation. Some
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for changes in market shares and further time-varying characteristics. The richness of the
combined data enables the separation of the quality effect from other sources of price vari-
ation.

The econometric approach used to identify market segmentation through quality is a
difference-in-difference-in-differences (DDD) strategy over the period 1997-2000. I use
matching techniques to control for self-selection in quality upgrading, and discuss several
identification issues in Sections 5 and 6. The DDD discerns firms that upgraded quality
from those that did not, by export market over time. I evaluate price changes due to
changes in product quality, mainly for the European Union (North) and Mercosur (South),
and conduct several placebo exercises to test whether the effect of quality on prices is driven
by other factors unrelated to quality.® The period under analysis, 1997-2000, provides a
unique empirical setting. In this period, termed by Sutton (2007) as the catch-up phase
of trade liberalization in mid-level economies®, firms made important efforts to bridge the
quality gap. Their efforts to increase product quality were 30% higher in comparison to
later years (PINTEC 2003)7, and export orientation was the main determinant of product
innovation (Kannebley, Porto, and Pazello 2005). Anecdotal evidence suggests that many
firms created an export type product in this period, a higher quality variety to be exported
to high-income destinations.

Results show that producers raise quality and prices in high-income (Northern) countries,
and that demand for high quality explains higher prices in Northern countries, confirming
the first two predictions of my stylized model. I discuss the markup hypothesis, high-
lighting that price differences across destinations are driven by demand for quality, rather
than by markup pricing or different elasticities of substitution. In particular, the results

reveal that firms that do not upgrade quality do not receive a price premium in Northern

questions are specifically related to product quality upgrading and the firm’s export destination market.

5As quality is an endogenous variable, I achieve identification by evaluating differences across groups
over time, combined with firm-product-country fixed effects, period fixed effects and various time-varying
firm, product and destination country characteristics. Several placebo exercises confirm the validity of the
methodology.

6The first phase of trade liberalization occurred mainly until 1995, when tariffs fell from an average
of 29% in 1991 to zero in 1995. According to Sutton (2007), the second (catch-up) phase happens when
wage and capability differentials create profit incentives for firms in low-wage countries to build capability.
This process carries main benefits to mid-level economies.

"The most cited reasons for manufacturing exporters to innovate were: to improve product quality
(80% of the firms) and to maintain market share (82% of the firms) (PINTEC 2000). For 86% of the firms,
foreign consumers were the main source of information for product development (PINTEC 2000).
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countries, and those that upgrade quality only receive a price premium in Northern coun-
tries. Regarding the third prediction of the model, the results document that firms jointly
increasing product quality and workers’ skills charge higher prices.®

Several placebo exercises and robustness checks are conducted to deal with the concern of
endogeneity of quality upgrading. In particular, the results reveal that price differentials
across countries are not driven by self-selection of firms, are specific to quality upgrading,
and are not related to other changes at the firm-level, such as process innovation.” The
analysis is extended in different ways. In particular, the Chapter shows that results are
not specific to the European Union and Mercosur, and that the effect of quality on prices
is captured by the firms’ main product (in terms of sales), for which the firm has higher
profit incentives to invest in quality.'®

This Chapter is related to broad literature investigating the relationship between quality,
prices and trade, which has shown that prices and quality increase with exporter income
per capita (Flam and Helpman (1987) and Hummels and Klenow (2005)) and importer
income per capita (Hallak 2006). These results are supported by Khandelwal (2010) and
Hallak and Schott (2011), who relax the direct price-quality relation and infer quality from
both price and market share data. Their results suggest that high-income countries con-
sume and produce high quality products. With the availability of firm-level data, many
papers have uncovered several dimensions of firm-product price heterogeneity. Manova and
Zhang (2012) and Bastos and Silva (2010b) document a systematic price variation across
destination countries, attributing this price variation to quality sorting: firms export high
quality products to high income and distant countries.!! Recently, Crozet, Head, and
Mayer (2011) have focused on the wine industry, finding within a cross-section that firms

ranked as high-quality producers charge higher prices and export more to a larger number

8However, I show that quality and skills do not cancel out each other. Instead, the level effect of
quality upgrading remains significant, suggesting that skill upgrading might not entirely explain increases
in producer quality.

9For process innovation (technology upgrading), there is no price differential across destinations, sug-
gesting that firms receive a premium in Northern countries from increasing product quality, but not from
producing existing products with better technology.

10 According to Eckel, Iacovone, Javorcik, and Neary (2011), a firm with quality competence may obtain
higher quality premia for the products closer to the core competence. Thus, incentives to invest in the
quality of the core variety are higher.

HSimilar results are found by Gérg, Halpern, and Murakozy (2010) for Hungarian firms.
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of markets.?

While they are interested in the variation across firms in a cross-section,
which does not allow to control for firm-level unobserved heterogeneity, I study the firm
price variation across time and across destination countries. Combining data on quality
upgrading over time with price data, I offer a quality-based explanation for price variation
across destinations and industries, and separate the different sources of price variation.

This Chapter is also related to literature investigating product quality, wage inequality, and
the gains from trade for developing economies. The literature suggests that countries with
intermediate levels of productivity and product quality may be the big winners of global-
ization: in its catch-up phase, wage, productivity and quality differentials in countries such
as Brazil, China and India create profit incentives for firms to increase product quality,
with subsequent dynamics leading to gains from trade.'® Particularly for Latin-American
economies, it has been argued that firms increased product quality to high income coun-
tries after trade liberalization, while the domestic market and neighboring low income
countries continued consuming low quality varieties. For Mexican firms, Verhoogen (2008)
finds that more productive firms export more and pay higher wages, suggesting that these
firms produce higher quality to export to high income destinations. A similar argument
is shown by Brambilla, Lederman, and Porto (2010) in explaining the skill composition of
Argentinean firms. I build on a similar argument for the Brazilian economy, although this
chapter differs in directly considering price data and producer quality information over
time, which allows sorting out the quality effect without relying on proxies for quality.

Finally, this Chapter is also related to literature on firm heterogeneity, a central feature in
the trade literature over the past decade. An additional evidence of this Chapter relates
to the isomorphism between different heterogeneous firm models. I empirically show that
firms are indeed heterogeneous in quality, and confirm the predictions from the theoretical
literature. However, by showing that quality varies not only across firms, but also within
firms across destination countries, I show that efficiency sorting models (with heterogeneity

in productivity)!® and quality sorting models (with heterogeneity in the ability to produce

12Their cross-section results focus on effects across firms (rather than across countries). Moreover, the
cross-section analysis does not allow sorting out different sources of firm and price heterogeneity.

13See Sutton (2007) for a discussion on the winners of globalization. Sutton (2007) argues that trade
liberalization per se does not benefit countries in the intermediate range. However the dynamics that
follow with subsequential phases of liberalization, with foreign direct investment, and capability transfers,
may determine the big winners of globalization.

“Examples of such models are Melitz (2003) and Melitz and Ottaviano (2008).
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product quality)'® may be non-isomorphic.'®
The Chapter is organized as follows. Section 2 develops the theoretical framework. Section
3 provides the data and descriptive statistics. Section 4 presents the empirical strategy.

Section 5 shows the results and Section 6 provides further extensions. Section 7 concludes.

2.2 Product innovation and market segmentation

To provide a framework for the empirical analysis, this section presents a partial equilibium
model of trade, product quality upgrading, and market segmentation. The model combines
product quality (as in Verhoogen (2008)), workers skills (similar to Brambilla, Lederman,
and Porto (2010)), and fixed innovation costs (similar to Bustos (2011)).

The model has two important sources of heterogeneity. From the production side, some
firms pay a fixed product innovation cost F! and increase product quality. From the
demand side, income differences lead to a different willingness to pay for quality. Firms

endogenously set prices and quality.

2.2.1 Demand

The demand side of the model follows Verhoogen (2008). There are two markets, North and
South. In each market, indexed by ¢ = N, .S, there are K statistically identical consumers,
indexed by k. The utility that each consumer £ in country c¢ derives from consuming a
product from firm j is given by:

Ukje = u(x,) + 0jc + €xje (2.1)
where z, is the consumption of the numeraire good, €. is a consumer-specific random
deviation, and ;. is the quality parameter of one unit of a product consumed in country
¢ and sold by firm j.

Consider the optimization problem for an individual with income y.. After paying p;. to

buy one unit of his most preferred differentiated product, the individual spends the residual

15Examples of such models include Baldwin and Harrigan (2011) and Hallak and Sivadasan (2011).

16For these models to be isomorphic, one would need to assume that firm-level technological change
is also destination country specific. However, in my results, I show that the asymmetric effect across
countries is specific to quality upgrading. It does not hold for other firm-level changes, such as technology
upgrading.
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income (y. — pj.) on the numeraire good. Optimization yields the indirect utility!'”
Vije = Ojc — Djetd (Ye) + €nje (2.2)
where u/(y.) is the marginal utility of income. The inverse of u/(y.) captures the quality
valuation: the lower u/(1,), the higher is the willingness to pay for quality.'®
As is standard in discrete choice models'?, for €. a random deviation that follows a type
1 extreme-value distribution, the expected demand for each good can be represented as a
standard multinomial-logit formulation:
Ko exp [L(0c — pjer! (3.))]

ZzEZC €xp {i(ezc - pzcu/(yc)ﬂ
where K, is the mass of consumers in country ¢, Z. is the set of all available products in ¢

(2.3)

xjc =

and p is a parameter that captures the degree of differentiation between goods.?

2.2.2 Production

For simplicity, there is a fixed number of firms J in the source country producing a dif-
ferentiated product. Similar to Brambilla, Lederman, and Porto (2010), to produce one
unit of a product, the firm needs standard manufacturing inputs and activities, as well
as inputs and activities to differentiate the product and produce a certain level of quality.
The first requires a units of labor. The second requires b@fc units of labor, with 3 > 1.2! 6.
is the vertical differentiation parameter, i.e., the quality level the firm decides to produce.
Thus, producing higher quality requires more skilled workers. For simplicity, I assume,
as Brambilla, Lederman, and Porto (2010), that standard manufacturing activities require

only unskilled labor, while producing a certain level of quality requires skilled labor. Wages

17As shown in Verhoogen (2008), product price pjc needs to be small relative to the consumer’s income
Yo Then the first-order expansion of the sub-utility yields equation (2.2). Note that u(y.) does not affect
the choice probability and will drop out of the aggregate demand, leading to equation (2.2).

18For a given quality level 6;., individuals with lower u/(y.) are willing to pay higher prices.

19See McFadden (1974), McFadden (1978).

20As p — 0, the model approaches perfect competition (see Verhoogen (2008)).

2IThere are decreasing returns of vertical differentiation. When quality increases, there are diminishing
returns of reaching an additional consumer (search efforts are higher and shifting the demand function
becomes more difficult). This assumption follows Brambilla, Lederman, and Porto (2010), for quality
differentiation, and Arkolakis (2010), for marketing investments. In Arkolakis (2010), as marketing ex-
penditure increases, marketing efficiency declines and it becomes more difficult to shift demand. Higher
values of 8 correspond to more intense diminishing returns.
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of the unkilled workers are normalized and wages of the skilled workers are denoted by w.?

I distinguish firms according to the innovation costs. Some firms pay a fixed innovation
cost F'! to increase product quality. Since firms innovate to upgrade quality, the innova-
tion cost does not affect the production of standard manufacturing activities (conducted
by unskilled workers), but only the costs of producing the quality differentiated variety
(activities performed by the skilled workers).?® 24

Firms that incur cost F'! can more efficiently produce a certain quality level, by a factor
v; > 1 (a firm-specific random draw). Firms with sufficiently low 7; will not incur the

innovation cost to increase product quality. The total cost functions T'C' for innovative

firms I and non-innovative firms NI are, respectively,

b0’ w
J
TCN = (a+ bohw) z;(0jc, pse) (2.5)

with v; > 1 for innovative firms and aggregate demand (demand in North and South) for
a firm j defined as z; = x5 + ;5.

Firms with v; > 1 will incur the fixed cost F’; for firms with sufficiently low ~; it is not
optimal to pay the fixed innovation cost F'!. The maximization problem for innovative I
and non-innovative NI firms follow:

Innovative firms I maximize profits 7! = nly +nlg — F/, where 7]y and nlg are the profits
before fixed cost in each destination country ¢ = N, S:

07 w
7T]I'c = (pjc —a— b;; ) xjc(QjC,pjc), with c = N, S.

Non-innovative firms NI maximize profits 7! = 7N + 7! where 7N and 7N/ are the
J JN Jjs JjN jS

profits before fixed cost in each destination country ¢ = N, S:

22There is a large homogeneous goods sector that employs skilled and unskilled workers in fixed pro-
portions. This pins down wages, as in Brambilla, Lederman, and Porto (2010).

23The innovation costs differ from the technological upgrading in Bustos (2011), where the fixed cost
represents a standard process innovation.

24FT could be, for instance, investment in softwares for product design or product engineering. These
costs will not affect standard manufacturing activities but will increase the productivity of the skilled
workers (e.g., after the innovation cost, designers have more time for product development, will be more
creative and able to produce highly differentiated products). Thus, one can think of the innovation cost
as a skill-biased innovation, which will lead to the production of higher quality.
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aNT — (pjc —a— b@fcw) xjc<0jc,pjc), for ¢ = ]\f7 S.

je

Firms choose pj. and 6. and maximize profits for each country of destination c. The
vertical differentiation parameter 6. is chosen to equalize its marginal cost to the inverse
of /(y.), which represents the quality valuation. Using equation (2.3), the solution for 6,.

is given by:

(1T
b= (a) 20

with v; = 1 for non-innovative firms.

The parameter ¢;. increases with the quality valuation ﬁ firms produce high quality
for markets willing to consume high quality. 6;. also increases with «;: for firms that invest
in product innovation, for which ~; > 1, it is optimal to increase product quality. For firms
that did not incur the innovation cost, it is too costly to increase product quality by the
same amount. Note that, because of a higher optimal 6., innovative firms (that initially
reduced marginal costs by 7,) increase marginal costs by %@%1 by producing a higher qual-
ity level.

The solution for prices follows

Dje=a+ u,(lyc> + (;{L)ﬁi (ﬁu’l(yc)> o (2.7)

with ; = 1 if the firm does not incur the F! innovation cost.

2.2.3 Product quality and export destinations: effect on the pro-

file of prices
I derive three predictions from the model, which are tested empirically using Brazilian
firm-level data. I study which firms upgrade product quality and to which markets they

upgrade quality, i.e., whether firms segment the market and offer higher quality at higher

prices to Northern countries. These predictions can be summarized as follows:

Prediction 1: Innovative firms sell higher quality at higher prices after innovation.
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Heterogeneity in «y; leads innovative firms to produce higher quality at higher prices. From
the solution for 6;., if a firm innovates, it optimally produces a higher level of 8., since
7v; > 1. A higher 7; leads to higher quality (from equation 2.6) and to higher prices (from

equation 2.7). Thus, innovative firms jointly increase price and quality.

Prediction 2: Northern consumers buy the quality upgraded product and pay higher prices.
For a sufficiently low income ys, Southern consumers choose low quality products and pay

low prices.

Since Northern consumers have a higher quality valuation (m > m),

for the firm to choose a higher 6;. to sell in Northern countries. From equation (2.7),

it is optimal

1 1 . . . .
Ton) > 79 implies that py > pg Ifor a g1vi€1 firm j.
. . op’; Op;; . . . . . .
From equation 2.7, since 7; > 1, 5 Pre > e . the difference in prices is higher for inno-
u’ (ye) u (ye)

vative firms. For a sufficiently low yg and a residual income yg — pj., Southern consumers

can only afford consuming the low quality product with price pr, such that x, + pr =~ ys

and u(ys — py) ~ 0, for py the price of a high quality product.?

An important caveat of the model refers to the non-innovative firms exporting to Northern

countries. The model predicts that piy > piy > piy. Given a different willingness to pay in

North and South, non-innovative firms would increase (by less than innovative firms) prices
0;c
(5“’(3&))
may be interpreted as a markup pricing, such as shown in Simonovska (2010) for Internet

to the North. This result follows from the equation for prices pj. = a+ — (1%) + 7 and
prices across countries. In the empirics, I show that the difference pé\% — p%f is not sta-
tistically significant for the set of non-innovative firms. For a more complete analysis, one
could extend the model to an approach similar to Fajgelbaum, Grossman, and Helpman
(2011), in which consumers are heterogeneous within a country, and quality and prices
increase in income. In this case, there would be a share of the population in Northern

countries consuming low quality at low prices, as I show in the empirics.

Prediction 3: Innovative firms jointly increase product quality and the share of skilled

1
workers and hire ’yjﬁ ~' more skilled workers than non-innovative firms. The increase in

costs affects the profile of prices.

25Note that prices may not be too similar to income, such that the first-order expansion of sub-utility
in equation 2.1 holds.
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By assumption of the model, quality differentiation activities are performed by skilled
workers, while standard manufacturing activities are performed by unskilld workers. Us-

ing the solution for 6., the demand for skilled workers for innovative firms is given by:

jco

9P B % % . . . . . .
TJ-C = (%J)B ! (751””1, @ )>ﬁ '. Thus, relative to non-innovative firms, innovative firms hire
J c

1

more skilled workers by a factor of %B ~' and charge higher prices.?

[§

2.3 Data

2.3.1 The Brazilian economy in the 1990s

The period under analysis in the empirical part of the Chapter is 1997-2000. To under-
stand firms’ behavior in this period, I provide a background on the Brazilian economy in
the 1990s.

The 1990s represent a particular moment for the Brazilian economy: economic stability
after the end of decades of inflation, trade liberalization, the introduction of the Real as
the new currency in 1994, high increases in productivity, and a sharp currency devalua-
tion in 1999. Trade liberalization created opportunities for Brazilian exporters but also
represented a challenge, once they faced tougher competition and needed to adapt their
products to be able to compete in tougher markets.2” The local currency, pegged to the
U.S. dollar until 1999, was overvalued in the last years of this period. Thus, firms were able
to import better technology at lower prices and to adapt their production to international
standards. In 1999, the change in the exchange rate regime to free float culminated in a
sharp devaluation that created additional incentives for firms to export.

Firm internal R&D activities were 40% higher in the period 1998-2000 in comparison to the
later years (PINTEC 2003). As shown in Figure 2.1, among the reasons for manufacturing

exporters to innovate, the most cited in the period 1998-2000 were (1) to maintain their

26For simplicity, the demand for unskilled workers does not change.

2TMiindler (2004) studies the effects of trade barriers on the productivity of Brazilian firms in the period
1986-98. His results indicate that foreign competition pressures are an important source of productivity
change. Bloom, Draca, and Rennen (2011) look at the effect of competition with Chinese products on
innovation rates in developed countries. They find that trade liberalization caused developed countries to
increase their investments in technology due to competition. Martin and Méjean (2011) study the effect
of low-income countries’ competition on quality upgrading of French firms.
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market share and, (2) to improve product quality (PINTEC 2000).?® When asked about the
most important market and the most important strategic change, most firms answered they
innovate to meet foreign consumers requirements and innovate to change product design,

29 Moreover, anecdotal evidence suggests that many firms created an ezport

respectively.
type product in this period, a variety associated with higher quality and in conformity with
the international quality standards, such as requested in Japan and European countries.
Firms adapted their production lines to reach consumers with high willigness to pay for
quality, while Mercosur countries continued consuming the low quality varieties as before.
The anedoctal evidence is supported by the PINTEC (2000) innovation survey used in
this Chapter. If we consider firms that exported exclusively to Mercosur, very few of them
did product innovation. Moreover, out of 472 firms that exported exclusively to Mercosur
in the year 2000, only 6 of them reported high efforts to increase product quality and to
meet foreign consumer requirements (PINTEC (2000) innovation survey).?* These num-
bers support the anecdotal evidence that firms increased product quality to meet demand
for quality in high-income countries. Firms exporting only to neighbor markets had low
profit incentives to increase product quality.

A similar argument for futher Latin-American economies is found in Verhoogen (2008) and
Brambilla, Lederman, and Porto (2010). Brambilla, Lederman, and Porto (2010) claim
that exporting to high-income countries requires higher quality and better skilled workers,
while selling to neighboring Mercosur countries may require the same quality level from
the domestic sales. Verhoogen (2008) uses a similar argument for the Mexican economy in
the 1990s. 3!

28These informations are available for 3750 exporters surveyed in the period 1998-2000. For instance,
concerning the market, firms were asked whether they innovated to maintain their market shares, to enter
new markets or to increase their market shares. Most firms answered to maintain their market shares.

29For instance, concerning strategic changes, firms are asked whether they changed (i) the organizational
structure, (ii) the marketing strategies, (iii) the product design or (iv) certifying norms. The highest mean
of positive responses was attributed to changes in product design, followed by certifying norms.

30This number if higher if one considers general efforts of the firm to increase product quality, not
related to foreign consumers. However, the innovation rate is still much smaller for firms that exported
exclusively to Mercosur. The innovation rate in this case is of roughly 10% for firms that exported
exclusively to Mercosur in the year 2000, compared to roughly 45% for the rest of the sample.

31 Verhoogen (2008) focuses on the effect of quality upgrading on wage dispersion. Verhoogen (2008)
argues that after trade liberalization, Mexican firms had one product for the home market and one to be
exported to the United States. The argument is illustrated with the example of the enterprise Volkswagen.
Volkswagen produced at that time the Original Beetle with old technology to sell in the home market, and
the New Bettle and Jetta with state-of-the-art technology to export to the U.S. market.
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The period was also marked by high increases in productivity: the productivity increase
in 2000 was of 6.5% and in the years before it outnumbered 10% per year in some in-
dustries (Bonelli, 2001). Moreover, in an attempt to protect the home industry and to
increase exports, the government implemented several programs to support firms to meet
international standards, upgrade quality and be able to compete in tougher markets. Some
important policies in this period were: (i) sectoral policies that included export financing
facilities from the BNDES (the Brazilian Development Bank); (ii) the creation of the Min-
istry of Development, Industry and Foreign Trade (MDIC) in 1999; and (iii) special R&D
incentives from the Ministry of Technology (Bonelli, 2001).32

2.3.2 Data sources

The data set is uniquely rich and combines three main information of Brazilian firms: (i)
the three dimensional export and price data, (ii) information on process and product in-
novation, and (iii) workers characteristics. The firm-level data is matched with additional
information, including the NBER-UN World Bilateral Trade Data and further data de-
scribed in 3.2.2, which provide a set of control variables for product, sector, and country

characteristics.

Firm-level data: innovation, export prices, and workers data

The firm-level data is matched using the unique CNPJ tax number. The main data sources
used are the Brazilian three dimensional exports data from SECEX (Foreign Trade Secre-
tariat) and the PINTEC Survey (Brazilian Firm Industrial Innovation Survey). The data
also contains further firm characteristics and information on formally employed workers at
the firm.

SECEX exports data:3* Contains annualized data on export sales, quantities and weights

(mainly kilograms) by firm, product and destination country for the universe of Brazilian

32Moreover, many other policies were created to help small and medium sized exporters, many of them
specific to the European market.

33The data comes from the Brazilian customs declarations for merchandize exports that is collected for
every exporting firm by the SECEX (Secretaria de Comércio Exterior - Foreign Trade Secretariat).
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manufacturing exporters. The period used is 1997-2000. The classification of products
follows the 8 digit level NCM classification (Nomenclatura Comum do Mercosul). The first

six digits of NCM correspond to the first 6 digits HS classification (international Harmo-

nized System), which allows comparison with international databases.3*

All export values are reported in U.S. dollars (USD) free on board (f.o.b.). Values are
deflated by the US CPI (United States Consumer Price Index) from August 1994.3

Valueg.g¢
Quantyegs’

which Values.g represents sales and Quant .4 the quantity sold of product g by firm f to

With the SECEX data, I create a measure of average prices as Upricefeq = in
country c at time ¢. Thus, Upricey., represents the yearly average price by g, f, c and t.
The precise steps to build the SECEX dataset are explained in the online Data Appendix.
Table 2.1 shows price variation in terms of standard deviations. Since most results shown
in the empirical section refer to European Union and Mercosur, the standard deviation in
Table 2.1 refers to these markets. The upper part of the table shows that the standard
deviation of log prices across destinations for a firm-product pair is on average 0.188 in the
year 1997 and 0.200 in the year 2000. The lower part of Table 2.1 shows that the deviation
of log prices within product-country pairs across firms is, on average, 0.459 and 0.486 in
the years 1997 and 2000, respectively.?® As expected, in both cases the variation is high
for differentiated goods and low for homogeneous goods.

PINTEC Industrial Innovation Survey: the PINTEC (Pesquisa Industrial de Inovagao Tec-
noldgica) conducts a triennial innovation survey among Brazilian firms. In this Chapter I
use the wave 1998-2000, which contains detailed information concerning the firms’ innova-
tive efforts in the period 1998-2000.3" Overall, there are 154 questions related to product
and process innovation. For instance, for product innovation, firms are asked whether they

improved a product in the period 1998-2000.%® Firms are also asked about the impor-

34The correspondence between the NCM 6 digit and the HS 6 digit allows matching the Brazilian data
with the NBER-UN bilateral world trade data documented by Feenstra, Lipsey, Deng, Ma, and Mo (2005),
as well as with the Rauch (1999) classification of goods. I match the information of the HS classification
with the SITC classification (Standard International Trade Classification) in order to be able to use the
Rauch (1999) classification of goods and the NBER-UN world trade data.

35The reason for the base August 1994 is the introduction of the new currency, the real, in July 1994.

36The standard deviation is small comparing to the results reported by Manova and Zhang (2012) for
Chinese firms. In the case of Chinese expoters, the standard deviation within firm-product across countries
and within product-country across firms are, respectively, 0.46 and 0.90.

37The innovation questionnaire is available at:
http://www.pintec.ibge.gov.br/downloads/PUBLICACAQ/Publicacao’20PINTEC}202000.pdf.

38Corresponds to Questions 7 and 8 from the survey. In Question 7 firms are asked whether they
improved a product already existent in the market (already sold by other firms). In Question 8 firms are
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tance of product innovation to improve product quality and asked for which market they
innovate (domestic versus foreign).> The main variables used for the quality treatment
are described in Table 2.2. Moreover, many other questions allow for robustness checks,
including information on the main destination market (EU, Asia, Mercosur, US, other
american countries), whether the firm invested in product design and whether the firm in-
novated to maintain the market share’®. The questions also allow evaluating asymmetries
across products (e.g., the share of sales of the innovated product in the domestic and in the
foreign market). See description of main variables in Table 2.2. For further information,
see the online Data Appendix.

The data also contains several characteristics of workers formally employed at the firms.
The employer-employee data form the Relagcdo Anual de Informagoes Sociais provides, at
the firm level, the following variables of interest: (i) average wages, (ii) share of workers
with primary, high-school and tertiary education, (iii) number of workers as a proxy for
firm size, and (iv) share of workers by occupation, according to the International Labour
Office (ILO) ISCO-88 classification of occupations. The variables are summarized in Table
2.3. More information is found in the online Data Appendix.

Since this Chapter is interested in manufacturing exporters, all other industries are left
out of the sample, which makes the data comparable to other studies on the Brazilian
economy, such as Arkolakis and Muendler (2011). Figure 2.2 shows the share of exports of
the main industries that exported products to European Union and Mercosur. Firms are
divided into industries according to their decision to upgrade product quality.*!

The SECEX exports data and the employer-employee data are available for the universe of
Brazilian manufacturing exporters. The Innovation Survey from PINTEC is available for a

representative sample of 3,750 manufacturing exporters.*? Of those, 3,070 exported in the

asked if they improved a product that was new to the market

39Question 77 asks the importance of product innovation to increase product quality. Question 106 asks
where are located the consumers to which the firm innovated. Most firms that innovated answered they
innovated to meet foreign consumers requirements.

4OFirms are asked whether they innovated to maintain the market, to increase market share, to enter
new markets, to increase the scope of product, to increase production capacity or production flexibility, to
reduce labour costs, to reduce energy costs, among others.

41The list of industries used is found in the Data Appendix.

42The survey was conducted with manufacturing exporters, non-manufacturing exporters and domestic
firms, with a total of 10,658 firms. The interest of this work lies in manufacturing exporters, and therefore
the sample includes 3,750 firms. Note that also intermediaries and their commercial resales of manufactures
are removed from the sample. Thus, the products and firms from the sample are comparable to the sample
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year 2000 and 2,868 exported in the year 1997. In order to identify the quality upgrading
effect over time (before and after the innovation survey), only permanent exporters are
kept in the sample. This reduces the sample to 2,443 firms. New exporters and quitters
are analyzed separately only for robustness checks.*?

Table 2.4 presents summary statistics for the 2,443 permanent exporters, for the years 1997
and 2000, by innovative behavior and year. Innovative firms have higher revenues and sell
more products in more destination markets. Although, an interesting fact from Table 2.4
is that the two groups have similar trends from the year 1997 to 2000. Despite for the
variables related to workers’ characteristics, the variation over time for the two groups fol-
low similar patterns. Moreover, the fact that workers’ characteristics face different trends
in the two groups is an interesting result: as stated in Prediction 3, innovative firms need
better skilled workers to produce higher quality, and therefore would also increase workers

skills over time.

Control variables

World bilateral trade flows: The bilateral trade flows data comes from the NBER-UN yearly
trade data, documented by Feenstra, Lipsey, Deng, Ma, and Mo (2005). The NBER-UN
trade data provides an accurate measure of trade flows using the Standard International
Trade Classification (SITC 2 - Division), 4 digits, which is matched with the HS classifica-
tion.** The one-by-one mapping between the first six digits of the Brazilian NCM product
classification and the first 6 digits HS (international Harmonized System) classification
allows the concordance with the world trade data. The values are mainly reported by the
importing country, leading to a more accurate measure (because of differences between
c.i.f. and f.o.b. prices , s. Feenstra, Lipsey, Deng, Ma, and Mo (2005)).

With the NBER-UN data it is possible calculate different measures of market power and a

used in other studies, as Arkolakis and Muendler (2011) and Eaton, Kortum, and Kramarz (2004).

43For the comparison between European Union and Mercosur, I keep only firms that exported to both
groups of countries in both years (1997 and 2000). Thus, I also drop all firms that exported exclusively
to Mercosur, which represent 472 firms in the year 2000. Thus, the sample reduces to 1,400 firms. As a
comparison regarding sample size, in the study on innovation and technology upgrading with Argentinian
firms, Bustos (2011) uses a sample of 1,639 surveyed firms.

44The U.S. Imports data from the NBER-UN provides a concordance concordance between SITC 2 and
the HS 6 digits classification.
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proxy for production (measured by the importance of each sector in the destination mar-
ket). The variables are defined in Table 2.3.

World trade elasticities: Data on import demand elasticities from Broda, Greenfield, and
Weinstein (2010). The elasticities are available at the 3-digit HS for 73 countries.

GDP per capita: Data on GDP per capita (CGDP,) comes from the Penn World Table
(PWT) 6.2. The version 6.2 uses the year 2000 as the base year.

Income inequality: Income inequality data (Gini coefficient and income deciles) comes
from the UNO-WIDER (United Nations World Institute for Development Economics Re-
search)?. In case of duplicate values for a year-country pair, I choose the highest quality
rating, keep the latest revision, keep if the area covered is the whole country, and give
preference to disposable income information.¢ 47

To classify products between differentiated and non-differentiated goods, I use the Rauch

(1999) classification of goods.?®

2.4 Empirical strategy

The identification strategy to test Predictions 1, 2 and 3 follows a difference-in-difference-
in-differences (DDD) strategy. To control for the possible endogeneity and non-random
self-selection of quality upgrading, I combine the DDD with matching techniques. More-
over, Sections 5 and 6 discuss several robustness checks and placebo exercises to address

the endogeneity concern. For the DDD, the price outcome is compared between the years

45Data available at http://www.wider.unu.edu/research/Database/en_GB /wiid/.

46The precise steps to drop duplicate values are: (i) keep the highest quality rating, (ii) keep the latest
Revision, (iii), keep if the area covered is the whole country, (iv) keep if the income unit is the household,
(v) keep if the statistical unit is the person, (vi) keep if the income definition is Disposable Income, (vii)
drop if information on currency is not available.

4"Information on the Gini coefficient is available for all countries in the sample of EU and Mercosur
countries, except for Paraguay in the year 2000. For Paraguay I use the information from the year 1999. For
robustness checks using additional countries, I need to expand the Gini coefficient in case the information
is missing for a given year: for the cross-section 2000, for instance, information on the Gini coefficient was
available only for 73 countries. Thus, in case the information for the year 2000 is missing, I use information
from the years 1999 and 2001, respectively. Similar for 1997, which increases the sample to 91 countries.

48Rauch (1999) uses the 4 digit SITC product classification (issued by the United Nations) to aggregate
the trade data in three groups of commodities: (i.) w, homogeneous (organized exchange) goods: goods
traded in an organized exchange; (ii.) r, reference priced goods: not traded in an organized exchange,
but which have some quoted reference price, as industry publications; and (iii.) n differentiated goods:
without any quoted price.
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1997 (to, before treatment) and 2000 (¢, after treatment) for the EU (treated) and Mercosur
countries (control group) for firms that upgraded product quality (treated) and firms that
did not (control group). Figure 2.3 presents in a simple way the structure of the treatment
effects. A further layer for identification refers to differentiated (treated) and homogeneous
goods (control group). The main assumption is that, controlling for firm-product-country
fixed effects, period fixed effects, and several time-varying variables, the price effect iden-
tifyed is due to quality differences across groups. To test Prediction 3 from the stylized
model, the treated group is represented by firms that did both skill and quality upgrading
over time.

Since the identification requires variation over time, only permanent exporters active in
the destination markets of interest are kept in the sample. Most of the results refer to EU
and Mercosur, and in Section 6 the analysis is extended to further destination countries.
Mercosur and EU are used in the main analysis for two main reasons. First, besides the
United States, the EU and Mercosur represent the main markets for Brazilian products.
Second, following the motivation from Section 3.1, EU and Mercosur represent the ex-
tremes of the quality varieties exported by Brazilian firms. For the EU, a market with a
high share of high-income individuals, firms are willing to innovate and to upgrade quality.
For Mercosur, a market with a high share of low-income individuals, firms have low profit
incentives to introduce their high quality product (e.g. because of entry and marketing
costs, or production capacity constraints). Thus, for these two groups, there is a lower

probability that the firm ships a mix of quality products to the same market.? %

2.4.1 Quality upgrading

A firm upgrades product quality from time ¢, to ¢ if the following questions are answered
affirmatively in the innovation survey: (1) undertook product innovation and (2) product

innovation was important to increase product quality. Table 2.2 describes the questions.

49Tn some South American countries as Chile, for instance, it is less clear whether consumers buy the
low quality variety or the high quality variety. This is also the case of some new European countries not
in the European Union by 2000.

50Robustness checks are carried using only the EU countries with similar (high) income per capita and
same currency: France, Germany, Netherlands, Luxembourg and Austria. The effect is slightly higher in
magnitude, but the significance does not change.
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For Qualy, the initial level of quality of a firm f, if the firm answers positively both
questions, then Qualy; > Quals,. The dummy variable for quality upgrading over time

follows:
1 if t > to A Qualy, > Qualyy,

Upgrade s, =
T { 0 it t <toV Qualy = Qualy,

As alternative treatment measures for Upgradey,, different questions from the PINTEC
(2000) innovation survey are used for robustness checks. Since most firms are multiproduct
firms, T also use information on the importance (percentage of sales) of the innovated prod-
uct in the export volume. Further questions from the innovation survey refer to changes
in product design changes to adapt to international rules and certifying norms.
According to Prediction 1 from the theoretical model, if a firm invests in product in-
novation and increases product quality (Upgrades = 1), then Ay, Uprices.y > 0, for
Upriceseq the yearly average export price of product g from firm f sold to country c in
time ¢ (see variables description in Table 2.2). For simplicity of exposition, the stylized
model from section 3 assumed that each firm produces one variety. In the sample used
in the estimations, around 77% of the firms are multiproduct firms. Thus, products are
indexed by ¢ and firms by f. Asymmetries across products are discussed later in this
section.

Firms that did not upgrade quality over time, for which Upgrades = 0 Vt, are used as a
control group. Note that Upgrades = 0 Vf in ty. Selection issues are discussed in Sections
5 and 6. A vector of variables Xy., controls for many firm, product, and market charac-

teristics that might vary over time, described in Table 2.3. The DD specification follows:

log(Upricesegt) = Upgrade ;g + 109(Xjegr) B + Opeg + it + Ugege (2.8)

where the TREATED group is composed by firms that upgraded product quality over time
(Upgrades, = 1); log(Xyeqt) is a vector of control variables described in Table 2.3; 0., is
a firm-product-country unobserved heterogeneity; 1, is a time-varying intercept; and usqq
is an error term.

The coefficient of interest, 744, shows the effect of quality upgrading on the profile of prices,

expected to be positive.

Moreover, according to Prediction 2, firms increase product quality to attend demand
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from Northern countries. The motivation and plausibility for this prediction has been
discussed in Section 3.1. As a hypothesis, products sold to the EU by innovative firms
received the quality treatment, while products exported to Mercosur did not receive the

treatment over time (control group). The DDD specification follows:

log(Upriceseq) = Upgrade ;,* EUvgaq+Upgrade sion+EU ag+10g(X fegr) B0 peg i+ pegi
(2.9)

where the TREATED group are the products exported to the (EU = 1), by firms that

upgraded product quality over time (Upgrades = 1).

In the DDD specification, the coefficient of interest is v444. The effect is expected to be

positive: higher prices in the EU are explained by imports from firms that innovate and

upgrade product quality.

Since the treatment is not a random assignment, I combine the DDD with matching tech-
niques in Section 6. Section 5 discusses the markup hypothesis and the role of the elasticity
of substitution, and several robustness checks and placebo exercises are conducted in Sec-
tions 5 and 6.

Results for equation (2.9) are shown for different types of goods, using the Rauch (1999)
classification of goods. Since homogeneous goods do not have (or have little) scope for
quality differentiation, the coefficient of v444 is expected to be positive and significant only
for differentiated goods. For non-differentiated goods (the sum of reference priced goods

and homogeneous goods) results are expected to be non-significant.?!

2.4.2 An integrated quality and skill upgrading mechanism

According to Prediction 3, producing higher quality requires a higher share of skilled
workers.” Thus, by increasing the level of quality 6., firms also increase the quality of
their workers.

The prediction on complementarity is tested using a skill upgrading mechanism. The

51

52Firms that upgrade product quality need better qualified workers. Similar cases were analysed in the
literature before by, e.g., Yeaple (2005) for technology choice, and Brambilla, Lederman, and Porto (2010)
for quality choice.
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variation in workers skills over time (skill upgrading) is proxied by the increase in the
firm’s share of workers with tertiary education (A, ShareHighEducy), the increase in
the firm’s share of professionals (A, ShareProfessionalsy) and the increase in firm’s
average wages (A;4, Wagesy) between 1997 (¢9) and 2000 (). The variation over time is
compared to the median of the industry 7, taken as the threshold.® The dummy variable

for skill upgrading follows:

1 ift >ty A

Ay, ShareProfessionalsy > median(Ay 4, ShareProfessionals);i\
Skillsy = Ay yShareHighEducy > median(A,,, ShareHighEduc); A\
Ay Wagesy > Amedian(A, Wages);

0 otherwise

Skillsy, means that a firm upgraded the quality of the labor force from ¢, to ¢ if the variation
in workers characteristics is higher than then median variation in the same industry .>*
Prediction 3 of the model suggests that skill upgrading over time (Skillsy = 1) leads to
increases in prices, Ay Uprices > 0.

The effect of quality and skill upgrading on prices is estimated as follows:

log(Upriceseq) = SkillspxUpgrade fygas+Skills p S1+Upgrade s So+10g(X fegr) B340 feg+tpege
(2.10)

where the TREATED group is composed by firms that upgraded product quality and

workers’ skills over time (Skillss * Upgradeys,). The coefficient of interest is 445 and is

expected to be positive. Firms that jointly increase product quality and workers’ skills

charge higher prices. The variable Skillsys; is also tested separately.

One important critique to the skill upgrading mechanism could be that wages may be de-

termined ex post and they would, in this case, reflect rent-sharing and not skill upgrading.

53If a firm increased these shares and the average wages more than the industry median between 1997
(to) and 2000 (), then the firm upgraded workers’ skills in this period.

54With this assumption, it might happen that some firms below the median upgraded workers’ skills
too, what would underestimate the results. Although, the assumption rules out a possible bias due to
trends in specific industries. Another concern with this specification relates to negative values of the
median (in case the whole industry had a negative shock). Thus, alternatively, I estimate the results only
for the industries that have not suffered negative shocks in the period. I also estimate results without
wages. Results are robust in both cases.
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See, for instance, the discussion of rent-sharing in Frias, Kaplan, and Verhoogen (2009).

As a robustness check, the same analysis is conducted without wages, using the vari-
able Skills;{*°. This variable considers only the A;; ShareProfessionals; (measure of
white-collar occupation) and A, ShareHighEducy (measure of education), which are ex

ante decisions of the firm, as follows.

1 if ¢t > to N
Ay, ShareProfessionalsy > median(A 4, ShareProfessionals);/\
Ay yShareHighEducy > median(A, ShareHighEduc); A

0 otherwise

Skills}o° =

2.5 Results

This section presents evidence of quality-based market segmentation: firms increase prod-
uct quality and prices to high-income countries, and the effect is not driven by markups,
elasticities of substitution, or firm selection. The section is divided as follows. Section
5.1 confirms prediction 1 from the stylized model: firms jointly increase product quality
and product prices. Section 5.2 confirms prediction 2 from the model: firms that upgrade
quality raise quality and prices to high-income countries. Section 5.3 shows that higher
prices in high-income countries are not driven by different markups or elasticities of substi-
tution, but are rather a result from quality upgrading and market segmentation. Finally,
Section 5.4 discusses prediction 3 from the model on the complementarity between quality
upgrading and workers’ skills.

Results in Section 5 are shown for European Union and Mercosur and, in Section 6, they
are extended to further countries. Since I am interested in the variation over time, results

55

are reported for permanent exporters to the EU and Mercosur.”® The control variables

X4c used are described in Table 2.3.

55Permanent exporters are firms exporting to these markets in all years.
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2.5.1 Quality upgrading as an explanation for price differences

across firms

Table 2.5 confirms the first prediction from the model: firms that increased product quality
over time charge higher prices. The estimation strategy is the DD described in equation
2.8. Estimations are shown using firm-product-country fixed effects, a period dummy and
various control variables, described in Table 2.3.°° Columns (1) to (3) include different
measures of market share. Columns (1) to (3) show results for differentiated goods and
include different firm-product and country characteristics. Columns (4) to (6) show results
for homogeneous goods. As expected, the effect on prices is only observed for differentiated
goods, with scope for quality differentiation. The results are robust to several measures of

market power and to other firms’ characteristics.

2.5.2 Market segmentation: innovative firms upgrade quality to

Northern countries

Table 2.6 shows the results for the DDD, which corresponds to Prediction 2 from the model.
Northern countries have a high demand for high quality products. Thus, firms increase
product quality to attend this demand, which implies higher costs and higher prices. In
particular, in the period of the Brazilian economy under analysis, firms innovated to adapt
to foreign consumer requirements and to maintain their foreign markets, as discussed in
Section 3.1. As shown in Columns (1) to (3), for differentiated goods the effect of quality
upgrading on prices is captured by products sold to the EU. This is shown by the inter-
action term Upgradeys » EU: firms increased product quality and product prices to EU

countries. As expected, results for homogeneous goods are not significant.?”

56The data is clustered at the firm level. Alternatively, clustering by firm-product level does not change
the significance of the results.

5TNote that the level effect, Upgrade ¢, is not significant but even negative. This reinforces the fact that
firms upgraded quality to Northern countries, since EU captures the whole effect.
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2.5.3 Further evidence of market segmentation: higher prices in

Northern countries can not be explained only by markups
The markup hypothesis

One important concern is pricing to market. It could be that the observed price variation
across countries reflects markups and not quality shifts, yet the analysis controls for several
measures of market power and market competition. Variation in markups across countries
has been shown, e.g., by Simonovska (2010). To overcome this caveat, I present further
evidence that supports the quality hypothesis.

As a first falsification exercise, I compare sales of non-innovative firms across markets. If
the price effect is due to a (first degree) price discrimination in European countries and not
due to quality upgrading, non-innovative firms should receive a price premium from their
exports to the EU. Using a EU dummy, Table 2.7 shows that there is no significant price
difference across destination for non-innovative firms over time. EU is not significant.’®
Thus, the variation in prices across countries can not be attributed to higher markups in
Northern countries.

This analysis also rules out the possibility that prices are driven by market-specific shocks
in Northern countries, or by changes in transportation costs: in this case, we would observe
also for non-innovative firms an increase in prices to the EU. In contrast, results are not
significant, as shown in Table 2.7.

A second falsification exercise is to compare sales to the South for firms that upgraded
product quality compared to those that did not.’® It could be that, after incuring the in-
novation cost to increase product quality, firms also sell the high quality variety to Southern
markets. And, in case firms export high quality to the South, they should receive a price
premium in the South. Thus, Table 2.8 studies whether innovative firms increase prices to
the South after quality upgrading (in comparison to firms that did not upgrade quality).
Interestingly, the variable Upgradey; has no effect on prices, i.e., firms that upgrade quality
do not receive any price premium in the South in comparison to firms that did not upgrade
quality. Thus, if there is only a small demand for high quality in Southern countries, firms

have low incentives to introduce the high quality variety in the South. Results from Table

%8The effect is also not significant for the COREPRODUCTy; (the firms’ most important variety,
defined in Table 2.2).
59Tnnovative and non-innovative firms are active in both markets.
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2.8 support the hypothesis that the price premium is driven by exports to the EU.

Markups and the elasticity of substitution

Using the 3 HS digit demand elasticities computed by Broda, Greenfield, and Weinstein
(2010), Table 2.9 studies whether results are robust to different elasticities of substitution
across countries. In case the demand elasticity is different across countries, price variation
across markets could reflect pricing to market, and not quality differences.

To test whether the effect is driven by the elasticity of substition, the HS 3 digit sectors
are divided according to the similarity in the demand elasticity in the EU and Mercosur,
resulting in two groups:

Similar HIGH = 1 if both Mercosur and EU have a relatively high demand elasticity in a
given HS 3 digit sector. An elasticity is defined as high if it is above the median elasticity
in the HS 3 digit sector. The median is computed across all countries for which elasticity
data is available (73 countries).

Similar LOW =1 if both Mercosur and EU have a relatively low demand elasticity in a
given HS 3 digit sector. An elasticity is defined as low if it is below the median elasticity
in the HS 3 digit sector. Also in this case, the median is computed across all countries for
which data is available.

Thus, Stmilar HIGH and Simalar LOW are measures of relative similarity in the elasticity,
comparing to other countries in the world.

Finally, the sample is divided according to the relative similarity in the elasticity (both
high and low). The first sample corresponds to observations for which Similar HIGH = 1
or Similar LOW = 1 (in this case EU and Mercosur have similar elasticities, high or
low). The second sample corresponds to observations for which SimilarHIGH = 0 or
Similar LOW = 0 (in this case EU and Mercosur have relatively different elasticities,
either high or low).

If the price effect is not a result from different elasticities across destinations (implying
markup pricing), the effect of Upgrade, * EU will hold for sectors in which Mercosur and
EU have relatively similar elasticities (either SimilarHIGH = 1 or Similar LOW = 1).
Results in Table 2.9 shows that this is the case. Columns (1) to (3) reveal that the effect of

quality upgrading on prices is significant for sectors with relatively similar elasticities across
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countries. Columns (4) to (6) present results for sectors with different elasticities. Thus,

results can not be explained only by different elasticities of substitution across countries.

2.5.4 An integrated quality and skill upgrading mechanism: up-
grading workers’ skills reinforces the effect of quality on

prices

Innovative firms need more skilled workers to produce higher quality, a result shown in
Prediction 3 of the model. Table 2.10 shows the results for the unified quality and skill
upgrading mechanism.

Columns (1) and (2) show the results for Skillsy: increasing workers’ skills leads to higher
prices. In Columns (3) and (4), the interaction term combining quality and skill upgrading
Skillss x Upgradey, is added. Results reveal that firms jointly increasing product quality
and workers’ skills charge higher prices. While the level effect of Skillsy, is not significant
and even negative, the level effect for the variable Upgrade,; remains significant, suggesting
that the complementarity among quality upgrading and skills is not perfect. Thus, factors
different from workers’ skills help explaining the effect of product quality on prices.

The analysis shown in columns (1) to (4) includes information on wages. As discussed
in Frias, Kaplan, and Verhoogen (2009), wages might reflect rent-sharing. In this case,
it would not capture skill upgrading. Thus, columns (5) to (8) present results including
the interacton term Skills{" " x Upgradey, (using only information on workers educa-
tion and occupation, ex ante decisions of the firm). Results in columns (6) and (8) sug-
gest that using information on wages might generate an upward bias in the coefficient of
Skills's;" " x Upgradey;, even though the significance of the results does not change 60,
The level effect of Skills};/* is even negative and significant once the interaction term
with quality is added. This negative result might capture observations for which skill up-
grading is related to process innovation and not to product innovation.%* Thus, while the
effect of quality upgrading has a positive and robust effect on prices, the effect of skill

upgrading on prices might reflect process upgrading as well.

60 Although, further analysis is needed to study which firms are in each of the groups.
610ne can easily imagine cases in which skill upgrading is related to technology upgrading, and not
directly to product upgrading.
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2.6 Identification of the Price Variation

2.6.1 Price variation across countries is not observable for other

sources of firm heterogeneity unrelated to quality

Results in Tables 2.11 and 2.12 show that price differences across firms and countries are
not observable to other changes in firms’ characteristics, but are rather specific to quality
upgrading. In particular, I look at process innovation for comparison.

The PINTEC (2000) innovation survey contains information on process innovation activi-
ties, as described in Table 2.2. The variable for process innovation Processy; is constructed
in a similar way to Upgradey,:

Processy, = 1 for firms that answered they did process innovation in time ¢, and zero
otherwise.

Results in Table 2.11 reveal that Processys; is not significant, which is a plausible re-
sult. Following the efficiency sorting models of trade®®, more productive firms have lower
marginal costs and charge lower prices. Thus, these models would predict a negative effect
of process innovation (technology upgrading) on prices. Importantly, controlling for effi-
ciency, Upgradey; remains positive and significant in all specifications.

The interaction term Processy, * U in Table 2.12 reveals that differences in prices across
countries are not driven by process innovation. As expected, prices are not higher in
Northern (EU) countries for firms that increased production efficiency, wich supports the
hypothesis of a quality-based market segmentation. The only significant value is found
at the 10% level, without controlling for important changes in country characteristics.%

Results suggest that differences in prices across countries can be attributed to quality

upgrading.

52Such as Melitz (2003) and Melitz and Ottaviano (2008).

63Gimilar robustness checks are carried using further questions from the innovation survey. For instance,
whether the firm changed the organizational structure (question v150 from the innovation survey). Results
are similar to the ones reported in Table 2.12.
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2.6.2 A placebo exercise using 1998 (year before treatment) as
the treatment year: The effect of quality on prices is not

driven by firms’ characteristics

Table 2.13 shows that the results are not driven by firm selection. The results from
Table 2.6 could be driven by firm-specific characteristics not related to quality upgrad-
ing. To overcome this issue, the price variation in the period 1997-1998 (before treat-
ment) is evaluated for the firms that received the treatment in the later period, com-
pared to the control group that did not receive the treatment. The variable of interest
is defined as UpgradePlaceboy,, where UpgradePlaceboy, = 0 in the year 1997 for all
firms, and UpgradePlacebos, = 1 in the year 1998 for firms that received the treatment
(Upgrades = 1) in the subsequent period (1998-2000). Results in Table 2.13 reveal that
the effect of the placebo variable Upgrade Placeboy, on prices is not significant, which sup-
ports the hypothesis that the effect on prices is not firm-specific, but rather quality-driven.

2.6.3 Results using different set of countries: The quality effect

is not driven by EU and Mercosur

The results from Section 5 are extended to different groups of countries. The variable
Group is defined as Group = 1 for Northern countries, and Group = 0 for Southern
countries. The groups are defined as:

Group, = 1 if country is EU or United States; zero if Mercosur.

Group, = 1 if country is United States; zero if Mercosur.

Groups = 1 if country is United States or Canada; zero if Mercosur.

Group, = 1 if country is EU, United States or Canada; zero if South America.

Results are shown in Table 2.14. In all cases, the interaction term Upgrade;, * Group
is positive and significant, which confirms that results are not specific to the EU and

Mercosur.
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2.6.4 Propensity score matching and self-selection into quality
upgrading

An additional strategy to address the possible endogeneity of quality upgrading is to control
for self-selection into quality ugprading. The causal effect of quality upgrading on prices
assumes that E(lupriceyeatea — (Upricecontro|Upgrade = 1) = E(lupriceyeated|Upgrade =
1) — E(lupricecontroa|Upgrade = 1), i.e., the difference in prices of firms that increased
product quality, compared to the outcome of firms had they not increased quality. The
problem is that the outcome of any firm is observed under either quality upgrading or not,
but never both, leading to a missing counterfactual.

The concern with self-selection is less severe in this Chapter given the additional within-
firm treated and control group of North and South countries, which generates additional
counterfactuals within the firm. However, the possible selection bias from the missing
counterfactural is addressed by creating control groups using matching techniques.

The intuition behind finding an appropriate control group is to find a group that is as close
as possible to the firm that increased product quality in terms of the predicted probability
to increase product quality. The underlying assumption for validity is that conditional
on a vector of firm observable characteristics X, potential outcomes with and without the
treatment are independent of the treatment status, i.e., outcome of treament firms p; and
control firms py are orthogonal to the greatment status (Upgrade): (po,p1) L Upgrade|X.
The variables used for the the vector X are: number of employees, total revenues, num-
ber of products, foreign ownership information, share of white collar workers, and average
wages. | match within a year and within industries, and therefore the control group is
created within narrowly defined industries, instead of using the whole manufacturing in-
dustry. The matching technique used is the nearest neighbor matching.

The matching combined with the difference-in-differences approach controls for divergence
in the paths of performance between the firms that increased product quality and the
matched control firms that had similar characteristics in the pre-quality treatment year.
In this way it is possible to control for observed and unobserved effects. Examples of
papers using propensity score matching combined with the DD approach are Arnold and
Javorcik (2009) and De Loecker (2007). As discussed by Blundell and Costa Dias (2000),

while matching accounts for differences in observable characteristics, the combination with
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the DD provides scope for an unobserved determinant of participation as long as it can be
represented by separable individual- and/or time-specific components of the error term.
Results reveal that the propensity score matching performs well in correcting the bias. The
average probability to participate in the treatment for all the individuals is roughly 40%.
The calculated bias before and after matching for each variable shows that the change in
the bias is of 20% on average. The differences between treatment group and control group
are reduced considerably in case of variables with a large bias before matching. In this way,
the control group is similar enough to the treatment group to be used for the estimation
of the average treatement effect on the treated (ATT).

Table 2.15 shows the results for the nearest neighbor matching strategy. Results for the
ATT reveal that individuals in the treated group realized an increase in prices of 52%. A
similar treatment is considered for sales to the EU, compared to sales to Southern coun-
tries. In this case, the results reveal that the treated group realized an increase in prices of
55%. Note that these numbers are much higher than the results found in Tables 2.5-2.16,
without the propensity score matching. One reason for the higher coefficients is the sample
of firms used for the matching, since not all firms could be matched. Using the smaller set
of firms for estimations as in Table 2.6 reveals a sightly higher coefficient. Moreover, the
propensity score matching puts more weight on cells with a high share of treated, while
the former estimations with a full vector of control variables gives more wight to cells with
balanced numbers of treated and control individuals. Importantly, in both cases estima-
tions are positive and statistically significant, confirming the hypothesis of the effects of

quality upgrading on prices and the asymmetric increases in product quality.

2.6.5 Asymmetries across products, sectors and the importance

of the core product for quality upgrading

In the sample used in this Chapter, 77% of the firms in the sample are multiproduct firms.
For those firms, it is possible to identify in the innovation survey the importance of the
innovated product to total sales of the firm. Table 2.17 show that the results are robust to
firms tat export few products, as well as to firms for which the percentage of sales of the

innovated product is higher than 50%. Moreover, Table 2.16 shows results for asymmetries
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across products for multiproduct firms.

Columns (1) to (4) from Table 2.17 show the results for firms for which the percentage
of exports of the innovated product is higher than 50%. The underlying idea is to use a
cleaner quality treatment, since multi-product firms may upgrade quality of only a set of
their products. For this purpose, in columns (1) to (4) I use the following question from the
PINTEC (2000) innovation survey: what is the percentage of foreign sales of the innovated

t.5 Results reveal similar effects for this sample of firms. Moreover, columns (5) to

produc
(8) shows results for the intensive margin of products. In these columns, I use a sample
of firms that exported at most two HS 8-digit products in the period, for European Union
and Mercosur. Asymmetric effects of quality on prices across countries are again confirmed
for firms with few products, yet the magnitude of the results is much larger.

Table 2.16 presents further results of asymmetries across products. According to Eckel,
lacovone, Javorcik, and Neary (2011), firms invest more in the quality of the products
closer to their core competence, since they may obtain higher margins with these prod-
ucts. Thus, the profile of prices is positively correlated with the profile of sales and
the effect of Upgrades, on prices is expected to be higher for the core product. The
COREPRODUCT}, is defined as the 8-digit variety representing the firm’s highest sales.%
66

This hypothes is isconfirmed in columns (1) and (2) of Table 2.16, for differentiated goods.
The core product captures the effect of quality upgrading on prices, a result shown by the
interaction term COREPRODUCT xUpgradey;. As expected, for homogeneous goods no
effect is observed, as shown in columns (5) and (6).

The results for the core product are plausible, given the importance of the core variety
for firms’ sales. Around 77% of the firms in the sample are multiproduct firms. The core

product represents more than 75% of exports for 38% of the multiproduct firms, and more

64This question refers to the variables v74 and v75 from the innovation survey. With this variables, I
create the variable HighShareX ., shown in Table 2.2.

6577% of the firms in the sample are multiproduct firms. For 60% of the multiproduct firms, the
coreproduct corresponds to more than 50% of the sales

66In the period under analysis, only 2 firms from the sample changed their 8 digit COREPRODU CTyy.
This does not imply that there is no product level dynamics within the firm. First, I find evidence of changes
in the product mix for varieties that are not in the core. Second, there is quality variation within an 8-digit
product and, most likely, product churning within an 8-digit product. Third, I evaluate only permanent
exporters, which have less variation in their core business. Thus, the fact that the core product remains
stable for those firms does not contradict the results from Iacovone and Javorcik (2010), Bernard, Redding,
and Shott (2011) and Nocke and Yeaple (2008) on product level dynamics within the firm.
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than 50% of exports for 73% of the multiproduct firms. Thus, sales are highly concentrated
in the core product.5

Columns (3) and (4) show results for asymmetries across sectors, using the Khandelwal
(2010) classification of short and long quality ladders (LADDER, for a sector s and
time t). The long quality ladders are classified as sectors with higher scope for quality
differentiation (sectors above the median ladder). Thus, the effect of quality upgrading on
prices should be magnified for these sectors. As shown in columns (3) and (4) in Table
2.16, for differentiated goods the effect of quality upgrading on prices is captured by the
sectors classified as long quality ladders. This result is shown by the interaction term
LADDER * Upgradeys;. For homogeneous goods, no effect is observed, as expected.
The results are in line with Chatterjee, Dix-Carneiro, and Vichyanond (2011). They study
multiproduct Brazilian exporters between 1997 and 2006 and find that, with a real exchange
rate depreciation, firms adapt prices and quantities across products. Produts closer to the
firms’ core competence perceive higher increases in markups, since for the core product
the firm has lower marginal costs of production. However, they do not find any evidence
of variation across countries. Moreover, for the purposes of their study, they do not make
use innovation data, and, thus, can not sort out markups from quality differences.
Concerning possible effects of the exchange rate shock from 1999, two important facts must
be mentioned. First, there are no exchange rate differences across markets following the
devaluation of the real Brazilian exchange rate: a graphical analysis of the exchange rates
reveals that the size of the devaluation does not vary across countries. Thus, the difference
in prices between the two markets can not be due to the devaluation. Second, the exchange
rate shock was largely unexpected, which rules out the possibility that some exporters were

able to foresee higher revenues after the devaluation.

2.7 Conclusion

This Chapter investigates whether firms segment the market and adapt product quality
and product prices according to market conditions. Direct and detailed information on

self-reported quality upgrading over time allows studying whether the observable product

57These results are in line with the results reported in Arkolakis and Muendler (2011).
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price variation is due to quality variation, or to other factors, such as markups, elasticities
of substitution, destination country characteristics, or selection effects.

Using a difference-in-difference-in-differences approach, the Chapter finds evidence of quality-
based market segmentation, by which firms raise quality and prices to high-income coun-
tries. Results reveal that differences in prices across countries are not driven by markups,
but by demand for high quality.

The Chapter discusses self-selection into quality upgrading and shows several robustness
checks and placebo exercises that confirm the validity of the DDD strategy. The analysis
is extended in different ways. First, using different North/South countries, the Chapter
shows that results are not specific to the EU and Mercosur. Second, it shows that price
differences across countries are specific to quality upgrading, and do not hold for other
changes in firm’s characteristics. Third, asymmetries across products reveal that the core
product captures the whole effect of quality upgrading on prices.

In a nutshell, by sorting out different sources of price variation, the Chapter shows that
quality is a relevant margin of firm level adjustment and that firms segment destination
markets. Controlling for market structure and firms’ characteristics, where the firm exports

to matters. In particular, this is true despite different markups across destinations.
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Table 2.1: Variation in export prices. Standard deviation for the years 1997 and 2000

Obs Mean Std.Dev. Min Max
Variation in export prices across destinations within firm-product pairs
Standard deviation of prices across destinations:

Total trade, year 1997 9902 0.188 0.407 0 4.321
Differentiated goods, year 1997 8514 0.196 0.410 0 4.321
Homogeneous goods, year 1997 214 0.056 0.223 0 2.638
Total trade, year 2000 16030  0.200 0.464 0 5.705
Differentiated goods, year 2000 13025 0.201 0.454 0 5.705
Homogeneous goods, year 2000 245 0.094 0.272 0 2.019

Variation in export prices across firms within country-product pairs
Standard deviation of prices across firms:

Total trade, year 1997 6611  0.459 0.772 0 5.766
Differentiated goods, year 1997 5321 0.499 0.797 0 5.766
Homogeneous goods, year 1997 168 0.072 0.179 0 1.746
Total trade, year 2000 10768  0.486 0.824 0 6.150
Differentiated goods, year 2000 8173 0.511 0.821 0 6.150
Homogeneous goods, year 2000 203 0.212 0.618 0 4.015

Table 2.2: Description of the dependent variable and main explanatory variables

Variable Variable description Data
Source
Average prices:
Upricefegt Average US dollars f.o.b. export prices by firm f, country ¢ and product g at time ¢: SECEX
Valuegegt

Quant s where Valueg.q: is 