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Abstract

This thesis is the first to explain the relationship between comparative advantage
and heterogeneous firms’ quality choices theoretically and empirically. It investigates
how firms’ quality varies across industries and firms’ investment in quality.

Chapter 2 examines how comparative advantage can affect firms’ quality. It
extends a Heckscher-Ohlin model with heterogeneous firms where they are allowed
to choose the quality of the product they offer. The theoretical results show that
when a trade happens, more productive firms choose to export while serving the
domestic market, less productive firms serve the domestic market only and the least
productive firms exit the market. Meanwhile, trade liberalisation leads to an increase
in product quality for exporters and a decrease in product quality for non-exporters.
Furthermore, the model also reveals that exporters in a comparative advantage
industry improve their quality by more than those in a comparative disadvantage
industry, and non-exporters in a comparative advantage industry lower their quality
by more than those in a comparative disadvantage industry.

One of the important stylised facts of the literature is that firms that offer higher-
quality products charge higher prices. However, the framework developed in Chapter
2, featuring increasing returns and monopolistic competition, presents the opposite
result. I decided to improve it in Chapter 3 by introducing different intermediate
inputs so that the framework reproduces this stylised fact. Simultaneously, it still

concludes that exporters in a comparative advantage industry improve their quality



more while non-exporters in a comparative advantage industry lower their quality
by more. In addition, it also reveals a higher aggregate or average quality in a
comparative advantage industry, which can potentially create additional welfare
gains from trade.

Chapter 4 provides the empirical evidence for one of the main predictions in the
theoretical models. It uses detailed Chinese firm-transaction-level data and firm-
level production data and shows that Chinese exporters invest in product quality
more in a comparative advantage industry than those in a comparative disadvantage
industry conditional on productivity. It also suggests that China’s comparative ad-
vantage stems from different factor endowments across countries, consistent with the
theoretical models analysed in Chapter 2 and 3. In addition, it further explores the
heterogeneity of this enhanced effect on export quality across the comparative ad-
vantage distribution and destinations and how it varies between firms with different

export intensities and within firms for different varieties.
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Chapter 1

Introduction

1.1 Motivation and Objectives

Understanding the role of product quality is one of the major challenges in interna-
tional economics. As a key feature of products, quality is different across firms and
is the key to understanding firms’ performances (e.g. Kugler & Verhoogen, 2009;
Amiti & Khandelwal, 2013; Manova & Yu, 2017). On the supply side, firms face
decisions over product quality and may seek to increase it to attract consumers.
On the demand side, the data supports that consumers value product quality, and
there is a positive relationship between per capita income and aggregate demand for
quality (e.g. Hallak, 2006). Product quality is a significant and promising research
direction in international trade.

Product quality has been researched empirically at different levels, firm, industry,
and country levels. Past work suggests large differences across countries regarding
the quality of products they produce, export and even import. Schott (2004) finds a
positive relationship between export unit values and a country’s relative physical and
human capital endowments. Hummels and Klenow (2005) show that richer countries

exported more products with relatively high prices. Recent research also reveals



1.1. MOTIVATION AND OBJECTIVES Chapter 1

the importance of the heterogeneous product quality of firms. More productive
and larger firms produce higher-quality products (e.g. Kugler & Verhoogen, 2012;
Manova & Zhang, 2012).

However, suppose the firm is altering product quality to respond to interna-
tional trade. Does this response also differ across industries within one country?
If so, what is the reason for the variation? The literature has not answered these
questions and omits essential differences in product quality across industries due to
international trade. Figure 1.1 shows the substantial variation in export product
quality between industries in China from 2000 to 2007. The industries are classified
into two categories, those in which the country reveals a comparative advantage and
those in which the country does not reveal a comparative advantage. The compar-
ative advantage is defined by using the Balassa index. Product quality is estimated
using the method from A. K. Khandelwal, Schott, and Wei (2013). During the time
period, the average quality in two kinds of industries both increased. However, it
is unclear why this quality is higher in comparative advantage industries relative to

comparative disadvantage industries.

Including the quality variation between industries will be important for under-
standing a country’s trade pattern, which is important for trade liberalisation poli-
cies and a country’s trade pattern. The policymakers would know better about their
countries’” advantages in providing higher-quality products in certain industries and
could encourage more firms to enter and compete with foreign firms. This will also

have implications for welfare.

This thesis’s first and most significant objective is to construct a tractable theo-
retical model to understand how firms’ responses to trade liberalisation over product
quality differ across the export status and industries. Based on the framework of

Bernard, Redding, and Schott (2007), I introduced endogenous firm quality choice

2
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Figure 1.1: The variation in the quality between industries

Quality and Comparative Advantage
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This figure shows the variation in the exporting product quality between industries
from 2000-2007. The industries are classified into two categories by using the Balassa
index. Product quality is estimated by using the method from A. K. Khandelwal et
al. (2013), given the value of the elasticity of substitution ¢ equals 5.

into the Heckscher-Ohlin model (henceforth, the H-O model). The model follows the
H-O model, therefore, outlines the importance of factor-driven comparative advan-
tage in shaping a firm’s decisions regarding product quality. Firms then alter their
product quality to respond to international trade according to their export status
and the industries they produce. It is expected to obtain some novel predictions
while confirming several predictions from previous works. First, the model shows
that only the most productive firms can export, consistent with Melitz (2003). As in
Bernard, Redding, and Schott (2007), it also presents differences in the production
unit-input threshold (with it, firms observe zero profit in production) and the ex-
porting unit-input threshold (with it, exporters find no difference between exporting

and serving the domestic market only) across industries. The production threshold

3
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is lower, and the exporting threshold is higher in a country’s comparative advan-
tage. Furthermore, several novel and interesting propositions are developed. The
model shows that exporters (more productive firms) improve product quality in a
comparative advantage industry by more, and non-exporters (less productive firms)
produce lower-quality products from autarky to costly trade conditional on produc-
tivity. Additionally, these different responses over product quality finally contribute
to a higher aggregate or average quality level in a country’s comparative advantage

industries.

The second objective of this thesis is to test main and novel predictions from the
theoretical model. To do this, I apply the framework to Chinese firms. China is a
particularly useful setting for this. First, it provides much information about firms’
transactions and production. This is necessary to conduct the following empirical
tests, including quality estimations and construction of control variables. Second,
China’s WTO accession in 2001 provides a good example of trade liberalisation.
We can see that the exporting product quality has increased since 2002, as shown
in Figure 1.1. Lastly, China was famous for its cheap labour at the beginning
of this century, attracting many foreign firms to come and set up factories (Zou,
Shen, Zhang, & Lee, 2022). Compared to other production factors, labour was
more abundant in China, and the industries using labour intensively would have a
comparative advantage in my model’s setting. This way, it can provide evidence for

propositions from the model by comparing product quality across industries.

With detailed Chinese transaction-level and firm-level data, the empirical analy-
sis tends to treat the world consisting of China and the rest of the world. However,
given the data, the thesis can test one of the main predictions of the model, exporters
produce and export higher-quality products in a country’s comparative advantage

industry than those in a comparative disadvantage industry. The results highlight

4



1.2. OVERVIEW OF THE THESIS Chapter 1

that Chinese exporters provide higher-quality products in a comparative advantage
industry. Furthermore, the data also shows that a country’s relative factor endow-

ment is related to its comparative advantage.

1.2 Overview of the Thesis

The thesis is structured as follows. Chapter 2 presents the extended H-O model
where heterogeneous firms can choose their endogenous product quality. It derives
a set of theoretical predictions that help us understand the effects of comparative
advantage on firms’ quality choices. Based on the model in Chapter 2, Chapter
3 further improves it by allowing more productive firms to produce higher-quality
products using more expensive (suggesting higher-quality) intermediate inputs and
charging a higher price, consistent with facts found in the existing studies. It also
obtains all the predictions in Chapter 2 and proposes a higher aggregate or average
quality level in a country’s comparative advantage industry. Then Chapter 4 utilises
an empirical framework to test how Chinese exporters’ product quality varies across
industries.

The models in Chapters 2 and 3 are based on the H-O model, which is applied in
many works. As it includes more than one production factor and industry, existing
literature shows large differences across industries in international trade. This thesis
follows the same idea to detect how firms’ quality choice differs across industries.

Chapter 4 uses the combined panel data covering export transactions from Chi-
nese Customs Trade Statistics and firm-level information from the National Bureau
of Statistics of China from 2000 to 2007. In addition, this chapter uses Ordinary
Least Squares (OLS) estimation with fixed effects to examine how the comparative
advantage affects exporters’ quality. It also uses a Two-Stage Least Squares (2SLS)

estimator to reveal that the comparative advantage is related to the relative factor
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endowment and overcome the endogeneity problem.

The rest of this section provides an overview of each chapter in the thesis.

1.2.1 Chapter 2 Overview

This chapter derives a new theoretical model based on the frameworks of Bernard,
Redding, and Schott (2007) and Ferguson (2010). Based on the differences in relative
factor endowment across countries and relative factor intensity across industries (H-
O model assumptions), this chapter shows some findings consistent with the existing
literature. Also, it presents some new findings to show the differences in product
quality of firms across industries, which is the main contribution to the literature.
In terms of the model set-up, by extending the model developed by Bernard,
Redding, and Schott (2007), the chapter analyses a case in which heterogeneous firms
can invest in product quality. The chapter reveals that exporters (more productive
firms) will raise product quality, while non-exporters will lower product quality in all
industries, from autarky to costly trade. Moreover, these responses will differ across
industries; exporters invest in product quality more, and non-exporters decrease

their investment in product quality by more in a comparative advantage industry.

1.2.2 Chapter 3 Overview

This chapter investigates the same question theoretically as Chapter 2 does. How-
ever, as Melitz (2003), the model in Chapter 2 features that more productive firms
can produce at a lower production cost. Thus, it shows that more productive firms
can charge lower prices but provide higher-quality goods, which conflicts with the
fact that firms providing high-quality products always charge higher prices revealed
in many empirical works (e.g. e.g. Kugler & Verhoogen, 2012; Manova & Zhang,

2012). Therefore, I tended to improve the model in terms of this point in Chapter
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3, and the new model is expected to obtain all predictions proposed in Chapter 2.
Also, it arrives at a situation where more productive firms produce higher-quality
products using higher-quality intermediate inputs and thus charge a higher price.
Additionally, it also reveals that the aggregate quality of the industry would be im-
proved from autarky to trade, and this improvement would be more pronounced in

a comparative advantage industry.

It explains that firms have opportunities to export when countries are simulta-
neously open to trade. Exporting opportunities raise the ex-ante expected value of
entering an industry, promoting greater firm entry, demanding more production fac-
tors, driving up the prices of production factors, increasing marginal costs of quality
upgrading, and therefore forcing non-exporters to produce lower-quality products.
Meantime, exporters with access to expanding markets find the increasing marginal
returns of quality upgrading. As the effect of increasing marginal returns outweighs
the effect of increasing marginal costs, exporters find it profitable to improve the
quality and decide to improve their product quality. These responses are more
pronounced in comparative advantage industries, for firms in a comparative advan-
tage industry can benefit from producing goods at a lower cost compared to foreign
competitors; however, at the same time, the comparative advantage gives a higher
expected profit of entry, leading to more entrants and the thus higher relative price
of the factor that is intensively used in the comparative advantage industry. There-
fore, non-exporters suffer more from it, while exporters benefit more from exporting
opportunities in comparative advantage industries. Furthermore, higher aggregate
quality suggests the effect of improved quality of exporters and exit of the least pro-
ductive firms outweighs the effect of lowered quality of non-exporters. Compared
to comparative disadvantage industries, this improvement is larger in a country’s

comparative advantage industries.
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1.2.3 Chapter 4 Overview

Chapter 4 tests one of the novel propositions derived from theoretical models: ex-
porters improve product quality more in a comparative advantage industry. The
contribution of this chapter is to provide evidence from China and shows that the
comparative advantage is linked to the relative factor endowment, which echoes the
theoretical model.

The unit values of products have been used as a coarse proxy for product qualities
in literature. This chapter follows A. K. Khandelwal et al. (2013) in estimating qual-
ity and defining quality as unobserved attributes of a variety that make consumers
willing to purchase relatively large quantities, holding prices across varieties con-
stant. It also uses the Balassa Index of revealed comparative advantage, a standard
measure used in trade literature to proxy those industries where a country reveals
a comparative advantage, to measure the industry difference in one country. Us-
ing the panel transaction-level and firm-level data from China, this chapter reveals
that China’s comparative advantage is related to the relative factor endowment and
emphasises that Chinese exporters raise product quality more in the comparative
advantage industry, confirming the proposition drawn from the theoretical model.

In addition, this chapter explores the heterogeneity of the effects across the com-
parative advantage distribution and different destinations. It also compares the
effects between firms with high and low export intensity and exploits within-firm
variation in the quality of products with and without a comparative advantage. Fur-
thermore, this chapter also applies different estimations of the total factor produc-
tivity (TFP), quality, revealed comparative advantage index and different samples

to prove the results robust.



Chapter 2

Comparative Advantage and
Quality Choice of Heterogeneous

Firms

2.1 Introduction

Quality is a key feature of products and varies across firms within the same industry
(e.g. Mussa & Rosen, 1978; Hallak, 2006). A substantial amount of academic work
indicates that quality plays an important role in international trade. Linder (1961)
first noted the role of quality as a determinant of the direction of trade and observed
that rich countries produce and consume a higher share of high-quality goods. Em-
pirically, the variation in product quality across countries and time-varying product
quality have been linked to quantitative import restrictions (e.g. Aw & Roberts,
1986; Feenstra, 1998), trade patterns (e.g. Schott, 2004; Hallak, 2006), countries’
growth (e.g. Hummels & Klenow, 2005), firms’ export success (e.g. Brooks, 2006;
E. A. Verhoogen, 2008), and countries’ skill premia (e.g. E. A. Verhoogen, 2008).

Amiti and Khandelwal (2013) find that lower tariffs affect firms’ quality upgrading
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2.1. INTRODUCTION Chapter 2

differently. Regarding firms initially close to the world technology frontier, lower
tariffs promote the quality upgrading of products. In contrast, they discourage the
quality upgrading of products that are distant from the world frontier. Bas and
Strauss-Kahn (2014) reveal that the trade liberalisation related to restrictions on
imports making more inputs available for domestic firms increases the number of
products produced and exported, which inspires quality upgrading. Fieler, Eslava,
and Xu (2018) show that the most productive firms self-select into providing higher-
quality products. All of the above agree that product quality plays an important
role in trade. This chapter focuses on how the country, industry, and firm charac-
teristics interact in general equilibrium to determine a nation’s responses regarding

the quality choice to trade openness.

Although firm heterogeneity exists in the real world, recent studies have paid
more attention to it only after revealing that most firms do not trade at all and that
after trade liberalisation, there is a substantial reallocation of resources that happens
within the industry. The increasing availability of micro-data on manufacturing
plants also has fuelled a growing literature on heterogeneity at the firm level. Melitz
(2003) introduces firm heterogeneity to build a new theoretical model and uses the
new feature to explain the change in the distribution of active firms and productivity
growth caused by trade. Bernard, Eaton, Jensen, and Kortum (2003) capture the
productivity differential of firms by using U.S. plant-level data and illustrate that

this differential leads to different market power.

Considering firm heterogeneity, more studies have realised the importance of
quality in the trade and explored how product quality varies across firms. E. A. Ver-
hoogen (2008) analyses Mexican manufacturing data and reports that more produc-
tive plants produced higher-quality goods than less productive plants. Kugler and

Verhoogen (2012) suggest that larger firms produce higher quality goods and charge
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a relatively high price. Baldwin and Harrigan (2011) propose a modification of the
model of Melitz (2003) and show that the firms with the lowest quality-adjusted
price charge the highest market prices. Then Manova and Zhang (2012) obtain
several facts from Chinese data and suggest that more productive firms produced
high-quality products using high-quality inputs. Antoniades (2015) shows that the
most productive firms raise product quality and prices while less productive firms
behave oppositely or exit the market. Fan, Li, and Yeaple (2018) find that China’s
tariff reductions allow firms’ quality upgrading, which was concentrated in the least
productive Chinese exporters. All of the above emphasising the importance of the

product quality of heterogeneous firms motivate me to think about this chapter.

On the other hand, many papers highlight the role played by the differences
between industries and countries regarding the impact of trade openness. Krugman
(1980) reports that countries traded more the more similar they were (regarding
the number of labour within one country). However, Schott (2004) suggests that
with products, high-wage countries used their endowment advantage (capital and
skill abundance) to add features or quality to their varieties which were not present
among the varieties produced in low-wage countries. Hummels and Klenow (2005)
show that richer countries exported more products with relatively high prices. Hallak
(2006) points out that rich countries tended to import relatively more from coun-
tries that produced high-quality goods. Bernard, Redding, and Schott (2007) build
the basic H-O model incorporating firm heterogeneity in productivity to examine
how the effects caused by trade openness vary across industries. It shows an im-
provement in average productivity in all industries, which is more pronounced in
the comparative advantage industry. It also suggests a new reallocation of factor
endowments from the comparative disadvantage industry towards the comparative

advantage industries generating additional welfare gains from the trade.

11



2.1. INTRODUCTION Chapter 2

Despite extensive literature documenting large heterogeneity in trade across in-
dustries and product quality following a trade liberalisation episode, few papers
have examined how firms adjust product quality in response to trade liberalisation
and how this varies across industries. A. Khandelwal (2010) uses U.S. product-level
import data to show that quality ladders vary across industries leading to different
relationships between prices and the related qualities for industries. Navas (2018)
establishes a theoretical model incorporating both innovation and heterogeneous
firms to illustrate that an increase in innovation can be caused by trade openness.
The increase is more in the comparative advantage industry. However, innovation
in his paper contributes to firms’ productivity rather than quality improvements,
and assumptions in his paper restrict the possibility for every firm to make the in-
novation. His paper inspired me to relax these assumptions and create a new model
where [ treat quality improvement as the result of product innovation. With a focus
on product quality, this chapter aims to build a tractable theoretical model allow-
ing all firms to choose their endogenous qualities to illustrate how firms’ potential

responses over product quality to international trade can differ across industries.

Schott (2004), Hummels and Klenow (2005) and Hallak (2006) conclude that
the imports from the capital- and skill-abundant countries are generally charged
at a higher price than imports from labour-abundant countries. This price differ-
ential suggests a vertical differential of products. The relationship between export
prices and the relative endowment of exporters seems to echo a key implication of
Neoclassical trade theory (it explains the main reason countries trade as they are
different). As a substantial amount of studies use export price as a proxy of qual-
ity, all these findings support the idea that countries produce relatively high-quality
varieties generated from their endowment advantage to compete with firms in other

countries in international trade.
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2.2. LITERATURE REVIEW Chapter 2

Following this, I build a two-country, two-industry and two-factor model (the
standard H-O model) with heterogeneous firms allowing them to choose endogenous
qualities for products. Once the upgrading cost is made, product quality affects
consumers symmetrically in both countries. Countries feature different factor en-
dowments used to produce goods in both industries, but industries vary in relative
factor intensity used in production. Each firm produces a single differentiated vari-
ety with a certain quality they can rely on to maximise their profits. To enter an
industry, firms have to pay a sunk fixed cost. Their marginal production costs are
noticed only after the sunk cost is paid. To enter exporting market in a costly trade
model, they also need to pay another fixed cost and variable costs (the “iceberg”
form). Then the model shows that exporters raise their product quality while non-
exporters decrease their product quality to respond to trade liberalisation. More-
over, these responses are more pronounced in a country’s comparative advantage
industry.

The rest of the chapter is organised as follows. Section 2 reviews the related
literature. Section 3 describes the autarky model to show how firms produce goods
and choose the quality of goods. Section 4 presents the situation when there is a
costless trade. Section 5 illustrates how firms adjust their product quality when the
trade is costly. Section 6 summarises the propositions from the model. The last

section concludes. The proofs are included in the appendix.

2.2 Literature Review

Melitz (2003) as the most important trade model recently introduces firm hetero-
geneity into the model of Krugman (1980), and many recent models are construed
based on it. The model assumes that firms can only observe their productivity that

remains fixed in their lifetime after paying a sunk market entry cost from a fixed dis-
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tribution. The least effective firms cannot earn enough profits to cover that cost. In
other words, there is a selection of firms (i.e. the industry selection effect). In terms
of all surviving firms, they also have to face a constant probability of an exogenous
shock that makes them quit the market in each period. Firms enter the market
until the expected payoff equals the entry cost. When countries move towards open
economies, the exposure to trade gives firms access to more markets, which moti-
vates them to export. However, this model assumes that firms must pay another
fixed cost for exporting. As they already know their productivity, they must con-
sider whether the profits gained from foreign markets can also cover the exporting
cost. This novel feature indicates that only those with relatively high productivity
of all active firms would export, and the rest would not (i.e. the export selection
effect). The implication behind these two selections is the inter-firm reallocations of
production factor (in this model, labour is the only factor) and market share towards
the most efficient firms. As a result, the least productive firms exit and industry
productivity growth can be observed. This growth can contribute to extra welfare
gains. In addition, a steady-state mass of firms active in the industry induces the
mass of new entrants who draw productivity exceeding the production productivity

cut-off equals the mass of dead firms in each period.

This model also illustrates how the change in trade costs can impact firms. It
shows that the reductions in trade costs make more firms find exporting profitable.
Hence, firms with higher productivity who used to be non-exporters start export-
ing. This change causes a higher demand for production factors (labour in this
model) and thus bids up the rewards of factors. As a result, all firms pay more for
production factors. Firms that used to be marginal (i.e. the firms with the least
productivity) in each industry cannot cover the costs anymore and exit the markets,

which induces market share and production factors are both reallocated towards the
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most productive firms. As a final result, aggregate productivity is higher.

This model shows the interaction between international trade and firm hetero-
geneity. It explains the fact about firm heterogeneity in trade recorded in many
papers. Roberts and Tybout (1997) find that entry into the export market asks
firms to pay a sunk cost, which leads to only the most productive firms finding it
profitable to export. This finding induces that firms are heterogeneous in produc-
tivity, and not all firms can participate in export markets. Bernard et al. (2003)
find that productivity differs dramatically across firms within one industry, and this
differential generates firms’ different market power. More studies observe that an
increase in aggregate productivity happens following trade openness. This increase
is due to the successful entry into exporting markets of high-productivity firms and
the exit of low-productivity firms. Pavcnik (2002) suggests that Chile’s trade lib-
eralisation caused a relatively great survival and growth of productive firms, which
can be seen as the main reason for the aggregate productivity growth. Trefler (2004)
finds that a greater increase in aggregate productivity following Canadian tariff re-
ductions is due to resource and market share reallocating from the least productive
firms to the most productive firms. Furthermore, it also provides a tractable trade

model for a substantial number of further studies to extend.

The rest of this chapter will then be divided into two subsections as this chapter
unites two strands of the international trade literature, the models incorporating
product quality of firms and the models emphasising differences between countries’

factor endowments.

2.2.1 Models Incorporating quality

Ferguson (2010) adds endogenous quality choice for all firms and relative upgrading

costs. Under his model, producers can choose quality, and consumers feel better
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off when they derive utility from consuming high-quality products. Thus, according
to the CES utility function, higher quality can contribute to higher demand in
all markets firms serve but does not affect prices. The model assumes a positive
relationship between product quality and related upgrading costs. It predicts that
firms tend to choose different product qualities to maximise profits (quality choice
increases with a firm’s productivity). When the economy opens to trade, only the
most productive firms choose export (i.e. the export selection effect), and marginal
firms who used to produce and sell goods cannot survive anymore (i.e. the industry

selection effect).

Moreover, those firms respond to quality choice, assuming that a firm’s product
quality affects consumers symmetrically in all counties. More specifically, the most
productive firms, exporters, tend to raise their product quality, while less efficient
firms serving only the domestic markets lower their product quality. It explains the
different upgrading decisions by two countervailing channels. First, trade openness
reduces the price index, which leads to lower demand for all firms in one country.
However, being open to trade gives extra markets to exporters. Overall, the positive
effect outweighs the negative price index effect, so exporters decide to improve the
quality. However, non-exporters can only be affected negatively by the price index
and lower their quality. The model also predicts that industries, where upgrading

is more important, respond less elastically to trade liberalisation.

To explain spatial variation in prices, Baldwin and Harrigan (2011) mortify the
model of Melitz (2003) by introducing product quality. However, given the interest
of the authors is not to explore how firms choose quality, firms are not assumed to
choose product quality endogenously. Higher quality is assumed to come with higher
marginal costs. A similar positive relationship is common in the literature, including

E. A. Verhoogen (2008), Ferguson (2010) and Antoniades (2015). They draw the
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proposition from the model that the firms with the lowest quality-adjusted price
charge the highest market prices. This proposition can then be used to explain the
fact they found in the data that there is a positive relationship between the average

export unit value and distance.

Kugler and Verhoogen (2012) made an extension of the model of Melitz (2003)
by incorporating an endogenous choice of input and output quality, which is the
closest to my model. They propose two variants of the model. In the first one,
firm capability and input quality are complements in producing output quality. In
the second one, producing high-quality outputs requires high-quality inputs, and
there is a fixed cost of producing quality. Both two variants of the model can be
used to explain the observed facts from the data. The larger firms charge more for
their outputs and pay more for their inputs. Thus, they suggest that producing
high-quality outputs requires high-quality inputs and emphasise the important role
played by the quality differences of both outputs and inputs in trade. They also used
the measure of the scope of quality differential from Sutton (2001) to show the dif-
ferent relationships between prices and plant sizes across industries. However, they
do not provide direct evidence for differences in product quality across industries.
Furthermore, compared to their model, my model in this thesis considers more than
one production factor, which is more suitable for exploring the research question of

how product quality varies across industries.

Antoniades (2015) incorporates quality choice into the model of Melitz and Ot-
taviano (2008), and thus firms have to pay an endogenous sunk cost. Compared to
the model of Melitz (2003), Melitz and Ottaviano (2008) uses the utility function
featuring different preferences among varieties rather than the CES utility function.
One feature of this utility function is that the linear market demand for each variety

can be yielded, resulting in the mark-up responding to the toughness of competi-
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tion in a market rather than a constant mark-up to firms’ productivity (featured in

Melitz (2003)).

In Antoniades (2015), product quality as a new component is added to the utility
function. At the same time, a parameter that captures country-specific differences
in the ability to innovate or in the innovation technology comes into the total cost of
firms. This paper reveals that the competition caused by trade lowers the cost cut-off
and expands the quality differential, similar to my model in this chapter. However,
He not only proposes that the most productive firms raise their product quality and
price to respond to the competition and the least productive firms respond in the
opposite way or exit but also shows the same response of firms to the markup. As
a whole, it predicts that average price and markup exhibit a U-shape response to
the competition. In addition, this model also shows how the differences between
trading partners can affect firms’ performance. Compared to developing countries,
trading with developed countries implies higher average quality, price, and markup
due to a higher scope for quality differentiation of all firms serving the domestic
market. Although this work presents a highly tractable model to investigate how
firms respond to trade openness over quality choice, it omits the difference between

industries which is the focus of this chapter.

Fieler et al. (2018) also develop a theoretical model incorporating the quality
of inputs and outputs. With the focus on input quality, they find that tariff re-
ductions on inputs allow firms to increase their output quality. This improvement
also requires a higher quality of other inputs, contributing to quality improvement
for final-output suppliers. However, compared to my model, they emphasise the
role played by the input in firms’ quality decisions for their outputs and omit the

differences in quality across industries.
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2.2.2 Models Incorporating Factor Endowments

Neoclassical trade theory outlines the importance of comparative advantage in de-
termining trade patterns across countries. These theories emphasise inter-industry
trade: countries will export the goods in which the economy has a comparative ad-
vantage and import others. As one of the theories, the Ricardian model reveals that
comparative advantage comes from technological differences. In contrast, the H-O
model states that it is due to the endowment differences in countries and the different
factor intensity across industries. The H-O model features more than one country,
factor endowment and industry. Relative endowment varies across countries, and
production requires different relative factor intensities in different industries. For
simplicity, I will focus on the condition with two factors, two industries and two
countries where the production requires a combination of two factors. Factors can
only move across industries within one country. At the equilibrium, Factor Price
Equalisation (FPE) prevails when the economies do not experience factor intensity
reversals, and factor endowments in both countries are similar. Countries produce
and export goods that use the abundant factor more intensively and import goods
that use the scarce factor more intensively. This specialisation increases the rel-
ative demand for the abundant factor, which bids up the relative rewards of this
factor within one country. Finally, the model draws that only people who own the

relatively abundant factor in the economy can be benefited from international trade.

Helpman and Krugman (1987) incorporate increasing returns to scale into the
Neoclassical, which features endowment-based comparative advantage and shows the
same pattern of inter-industry trade as the H-O model. Bernard, Jensen, Redding,
and Schott (2007) use U.S. manufacturing data to show that a difference in factor
intensity between exporters and non-exporters cannot be neglected. It shows that

the U.S. exporters focused more on capital- and skill-intensive products. Bernard,
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Jensen, and Schott (2006) highlight that if factor intensity used for production
can feature their products, the U.S. firms are connected with products with U.S.
comparative advantage. Although the results obtained by many empirical studies
conflict with the Neoclassical trade theory, these findings revive its implications to

some degree.

Bernard, Redding, and Schott (2007) incorporate an additional industry and
production factor into the model of Melitz (2003), inducing that factor endowment
differs across countries, and factor intensities vary across industries (the standard
H-O model). They also reveal that the transition from autarky to costly trade
can lead to the industry selection effect and the export selection effect. Aggregate
productivity and firm output in both industries are higher than before. However,
these are more pronounced in the comparative advantage industry (one industry
where the production asks the more abundant factor in this country more inten-
sively). They argue that this is since the expansion in expected profits caused by
trade openness is relatively larger in this industry, as domestic firms can offer their
products at a lower price than foreign counterparts. Furthermore, this inspires more
firms to export in the comparative advantage industry, and bids up the relative re-
ward of abundant factors within one country, which results in more firms cannot
find production profitable and exiting; net job creation would be caused within the
comparative advantage industry, and net job destruction would be resulted in within
the comparative disadvantage industry. Hence, they emphasise within-industry re-
allocations and across-industry reallocations (towards the comparative advantage
industry), contributing to a productivity differential in different industries. This
difference in average productivity can magnify the ex-ante comparative advantage
of countries. This magnified comparative advantage can provide an additional source

of welfare gains from trade. This model reveals some novel findings of the change of
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relative reward of two factors. The conclusion that the real reward of abundant fac-
tors increases and the real reward of scarce factors decreases (the Stolper-Samuelson
theorem) holds in the H-O model. Compared to this conclusion, in this model, in-
creases in aggregate productivity derived from trade liberalisation drive down the
prices of varieties and thus benefit both factors. The real reward of the abundant
factor is improved more, and the productivity gains dampen the decline of the real
reward of the scarce factor relative to its decline in the H-O model. The real scarce
factor reward can be positively affected if productivity growth is strong enough. This
potential means that everyone in the economy might be benefited from international

trade in this model.

The relationship between export prices and the relative endowment of exporters
that the imports from the capital- and skill-abundant countries are generally charged
at a higher price than imports from labour-abundant countries documented in sev-
eral works (i.e. Schott, 2004; Hummels & Klenow, 2005; and Hallak, 2006) seems
to echo a key implication of the H-O framework. The relationship between export
prices and the relative endowment of exporters seems to echo a key implication of
the H-O framework. Hence, when I try to establish a model to explore how firms’
quality choices differ across industries facing trade openness, combining the models
of Bernard, Redding, and Schott (2007) and Ferguson (2010) seems quite promis-
ing. In other words, I add firms’ endogenous quality choice for products and related
upgrading costs into the model of Bernard, Redding, and Schott (2007). Consistent
with their propositions, firms’ export opportunities increase when countries simul-
taneously transition to costly trade. These opportunities raise the ex-ante expected
value of entry, thus promoting greater entry and driving down the ex-post profits of
firms. As a result, the maximum level of unit-input requirement of one unit output

that firms need to survive is pushed down. As the production unit-input threshold
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decreases, the average unit input of firms in both industries decreases, thereby in-
ducing aggregate (i.e. the industry level) productivity growth. I also obtain that
the production unit-input threshold is lower and the exporting unit-input threshold
is higher in a comparative advantage industry. Thus, a higher exporting firm ratio
can be found in a comparative advantage industry.

This chapter mainly contributes to the different quality choices of firms across in-
dustries. Consistent with Ferguson (2010), I find different responses from firms over
quality choice; more precisely, exporting firms decide to raise their quality and firms
producing only for domestic markets tend to lower their quality choice to respond
to trade openness. Considering the asymmetric export opportunities afforded by
the comparative advantage, this model further provides more interesting and novel
propositions for firms’ product quality. Firstly, exporting firms in the comparative
advantage industry improve their product quality more. This conclusion is because
the comparative advantage allows firms in the comparative advantage industry to
produce at relatively low costs compared to foreign competitors. Therefore, ex-
porters can benefit more from expanding markets by improving product quality.
Secondly, non-exporters in the comparative advantage industry lower their product
quality by more. More expanding markets indicate more potential profits, which
drives more entrants in the comparative advantage industry. More product factors
are required to satisfy the expansion of markets, driving up the relative price of
the abundant factor. Therefore, increasing production costs and limited market size

enforce non-exporters to lower product quality for survival.

2.3 The Autarky Model

Consider a world with two countries (Home country and Foreign country), two indus-

tries, two production factors (human capital and physical capital) and a continuum
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of firms with a heterogeneous unit-input requirement within both industries. The
standard H-O assumption is assumed that consumer preferences and production
technologies are homogeneous across countries, but factor endowment differs across
countries and factor intensities used for production vary across industries. Factors
of production can move freely between industries within countries but not across
countries. H is used to index the Home country where the human capital is rela-
tively abundant, and F' denotes the Foreign country where the physical capital is
relatively abundant. The above assumptions are the same as the model of Bernard,
Redding, and Schott (2007). The section analyses the case where two countries do

not trade with each other (i.e. autarky condition).

2.3.1 Set-up

Consider one country consisting of a continuum of consumers. Their utility comes
from the consumption of the output of two industries denoted with C}, 7 = 1,2. The

utility function is specified as the Cobb-Douglas function form:

U= (Ol)M(CQ)l_M 0< n < 1 (21)

where p is the ratio of how much consumers in this country would like to spend on
the output of industry 1 (in equilibrium, y is also the proportion of total expenditure
devoted to the goods of industry 1).

Each industry contains a continuum of differentiated varieties ¢« with potentially
differentiated qualities. Compared to Bernard, Redding, and Schott (2007), C; is
a consumption index defined over consumption of individual varieties, ¢;; and its
quality, ¢;;, assumed to be observable to all. Varieties are aggregated according to
the standard Constant Elasticity of Substitution across varieties (CES) functional

form, with price index P; in industry j, defined over prices of varieties, p;; and its
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quality:

v oo |7
C] = |:/ qZL;CZjJ d2:| (22)
1€Q

where o (0 > 1) is the elasticity of substitution across varieties and v (y > 1)
describes how much consumers care about product quality. For simplicity, I assume
that the elasticity is the same in the two industries.

Consumers purchase goods in each industry, and thus the budget constraint for

industry j can be expressed as:

Ej = / pijcijdi (23)
1€

Subject to the budget constraint, consumers choose the consumption bundles
that maximise their utility. The optimal consumption of each variety 7 is the demand
x;; in the market, which can be solved as:

_ Py

Ty = E (2.4)

) Plfa J
J

where E; represents the aggregate expenditure on output of the industry j (i.e.
E; = uR, Ey = (1—p)R, where R denotes total revenue of the economy). The price

index, P, in industry j can be expressed as:

1
P = { / pij"qudi} (2:5)
1€

To introduce differences in factor intensity across industries, I assume that firms
use an intermediate input (y;) for production and quality investment in industry
j. This intermediate input is assumed homogeneous for all varieties within one
industry but varies across industries. It is produced by using both human capital

(S;) and physical capital (K;) according to the following Cobb-Douglas technology
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under perfect competition:

Y; = HijﬁjKjiﬁj (26)

with H; = ﬁj_ﬂj(l —B;)% 1 and B; (0 < B; < 1) measuring the degree of the human
capital intensity of intermediate inputs used in industry j. Assume that §; > (s,
implying that industry 1 is human capital used intensively. Perfect competition in

the intermediate input implies:

Py = W W 7 (2.7)

where p,,; is the price of intermediate input used in industry j, Ws and Wy are

prices of human capital and physical capital respectively.

Compared to Bernard, Redding, and Schott (2007), the total cost of firms’ pro-
duction (T°Cy;) in the final good sector involves three parts, the fixed cost, the
variable cost and the quality upgrading cost in each period, as firms can make the
quality decision and thus pay for it. All costs are expressed in terms of the inter-
mediate input. To produce a variety, all firms are asked for the same fixed cost,
Fp, that is indifferent across industries and countries (an investment like the fees
of maintenance of the basic machine or providing regular training classes for staff),
but the variable cost and the upgrading cost f;; vary with the firm’s heterogeneous

unit-input requirement a € (0,00). Since the total cost can be expressed as:

TCi; = [wiai + fij(ai) + Fplpm; (2.8)

Following Melitz (2003), each firm is assumed to produce only one variety and
they are the unique producers for their varieties. However, they now provide their

varieties with endogenous qualities. Hence, to maximise the profit, they charge a
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standard monopoly price:

@iPmj (2.9)

2.3.2 Zero-profit condition

With the pricing rule, a firm’s post-entry profit can be expressed as:

DijLij
Tij = % — [fij(ai) + Fplpm, (2.10)

Substitute the price function and demand function, and the profit function can

then be simplified as:

iy = [aja; "7 Bj — fij(a:) = Fplpm; (2.11)
where B; = %Ej(pmj)_".

After entry, firms draw their unit-input requirement, a;, from a distribution,
g(a), which is assumed to be common across industries and countries. Producing
firms face a fixed probability of death caused by an exogenous shock in each period,
0. A firm drawing the unit-input requirement, a;, produces within one industry j.
To survive, its revenue at least has to cover its total production costs (i.e. m;; > 0).

This defines the zero-profit condition within industry j in autarky, such that:

aut

mij(ay) = 4i3(a7) (ap5) " Bipm; = [fis (b)) + Folpm; = 0 (2.12)

where a%“jt is the production unit-input threshold (with it, a firm can make zero

profit from its production) of industry j in autarky.
aut

Firms drawing their unit-input requirements below af can engage in profitable

production, while those with higher unit-input requirements exit the market immedi-
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ately. The fixed production cost ensures this production selection in both industries.

2.3.3 Upgrading costs

To provide products of a certain quality, firms pay endogenous upgrading costs,
fij- Thus, firms choose their optimal product quality and related costs by equalling
the marginal benefit of increasing quality to its related marginal cost. The optimal
choice of quality is the solution for profit maximisation and can then be defined by

the first-order condition of Equation (2.11):

87%

i1i-ag _ Ofulay) _ (2.13)
a%’j

i i J a Gij
For simplicity, let us consider the following increasing and convex functional form

for the upgrading costs from Ferguson (2010),

fila) =q%  0€0,1] (2.14)

where 6 is a parameter common to all firms that determines the convexity of the
cost to improve the quality. The larger is 6, the easier it is for firms to affect
consumers’ demand by investing in quality upgrading (i.e. the industry features a
higher intensity of upgrading competition).

The assumed function of upgrading cost is then used to simplify Equation (2.14),

1-0
7—1 1-an.

vqy; a; “Bj = ngT (2.15)

Equation (2.15) describes the relationship between a firm’s unit-input require-
ment and product quality further. When it is considered for the marginal firms
(i.e. firms with the production unit-input threshold), it can be further substituted

into the zero-profit condition, Equation (2.12) after replacing the upgrading costs,
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fij(aBy) with Equation (2.14):

autyi 11— 67
%j(aDj)" " oy Fp (2.16)

which represents the quality choice for the marginal firms.

2.3.4 Optimal quality choice

To derive firms’ optimal quality choice, firstly, the relationship between the relative
quality of firms with a; compared to marginal firms and the relative unit-input
requirements can be obtained from Equation (2.15). The function of marginal firms’

product quality is then substituted into it to obtain a firm’s optimal quality as:

a;

Oy 0 (1_y
Gij(ai) = ( Fp) ()77 (2.17)

1—0y apy;
According to Equation (2.14), the function of a firm’s upgrading costs can be

expressed as:

O~y a; (1-o
Aaq:) = F 1-6y 2.1
fzg (az) 1 — 97 D(a%ujt) o ( 8)

where Equations (2.17) and (2.18) reveal that a firm’s quality choice and associated
upgrading cost are decreasing in its unit-input requirement, a;, given ¢ > 1 and
0y < 1. Although firms with a lower unit-input requirement (i.e. more productive
firms) have to face a higher marginal cost, they experience a higher marginal revenue.
This higher marginal revenue more than compensate for the higher marginal cost.
Additionally, quality choice and upgrading cost are both increasing in the production
unit-input threshold of industry, a‘b‘f. A lower production unit-input threshold

induces more intensive competition, leading to a higher demand for the production

factors, which drives up the prices of factors. Thus, firms have to survive the
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increased production costs and choose to lower their product quality.

These two expressions also reveal that the quality choice and upgrading cost for
the marginal firm (a; = a“ﬁ?) are independent of their unit-input requirement. This
means that the lowest product quality is homogeneous across industries. But the
different price of intermediate input captures that the associated cost differs across
industries. Furthermore, dg;;/00 > 0, d¢;;/0v > 0, 0f;;/00 > 0 and 0f;;/0y > 0
can be easily drawn from these two equations which mean that more intense quality
upgrading (larger #) or more attention consumers pay for product quality (larger )

can encourage firms to invest more in quality upgrading and provide their varieties

with higher quality.

2.3.5 Free entry condition

To enter an industry, firms must pay a fixed entry cost Fr units of intermediate
input before finding out their unit-input requirement. Firms enter the market until
the expected profit from entry discounted by the probability of natural death, 4§,

equals the sunk entry cost.! Thus, the free entry condition can be defined as:

7'('2']'

E(T) = Fgpm;j (2.19)
which can be further expressed as:
a%}t
0Fppm; = / [(¢7a; 7 Bj = fij(¢i5) — Fp)pmslg(a)da (2.20)
0

Substituting quality and related cost functions, assuming a Pareto distribution,
G(a) = a*, which is the cumulative distribution function for g(a), where k is the

shape parameter, and integrating over all surviving firms provide an analytical so-

!The assumption that the probability of death is exogenous, which is not related to firm char-
acteristics, follows Melitz (2003) and Bernard, Redding, and Schott (2007).
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lution for the production unit-input threshold in autarky:

(aaut)k _ OFg E(1—0y)+1—0
Dj B FD oc—1

(2.21)

Let us assume that %

> 1 to obtain a positive solution for the threshold.
Otherwise, no firm finds the production profitable. Note in Equation (2.21) that
dapf /08 < 0 and daff /0y < 0. This induces that more intense quality upgrading
or more attention consumers pay for product quality can make the production unit-
input threshold lower (i.e. a more competitive market). In addition, we can also find

that there is no difference between the production unit-input thresholds in different

industries in autarky.

2.4 The Costless Trade Model

This section focuses on firms’ quality choice of a movement from autarky to free trade
where firms are able to serve the foreign markets at no cost, meaning all producing
firms would also export. The basic sets remain the same as under autarky. However,
there are two new assumptions necessary. The first assumption is that the function
of upgrading costs, f;;, is not country-specific. This means that firms only have to
pay for the quality upgrading once and can provide varieties with quality in both
markets. This assumption is consistent with costs like R& D that are spent once,
and then firms take advantage of it in all markets they serve. The second is that

each firm’s quality decision, g¢;;, affects consumers symmetrically in both countries.

2.4.1 Zero-profit condition

Since firms face the same elasticity of demand in both the domestic and export

markets, and trade is costless, profit maximisation implies the same equilibrium
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price in the two markets. With the pricing rule, the profit of each Home firm, it

coming from both markets, can be expressed as:

H F
_ DijZi; DijT;;

T = o + o — [fm(al) + FD]pgj (222)
which can be further expressed as:
T = a0 "B + qliai "By — fij(a;) — Fplpll; (2.23)
H_ G2 pH H V-0 F_ G mp F \-o
where B] = WEJ (pm]) and BJ = WEJ (pm]) .

Notice, under free trade, all producing firms export, so the price level for one
industry is the same across countries, inducing that PjH = PjF )

The production unit-input threshold within industry 7 in free trade, athj, denotes
the unit-input requirement of the firms whose operating profits equal costs. Thus,

the zero-profit condition is expressed as:

mi(aly;) = qis(aly;) (ay)' =7 (B + Bl )plt. — [fis(aly;) + Fplpl; =0 (2.24)

where fij(ath ;) is the specific upgrading cost of marginal firms.

2.4.2 Upgrading costs

Each firm tries to maximise its profit by choosing quality choices, and the first-order

condition can define the optimal quality choice:

0fii (i 11
fay(qj) :’Y‘];Yj 1%1 U(B;I+Bf) =0 (2.25)
dij

The same functional form for upgrading costs as in autarky is assumed:
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fij(aij) = qi%j (2.26)

2.4.3 Optimal quality choice

Similarly, each firm’s optimal quality and its related cost can be solved as follows:

0~ 0, i \—2_(1-0)
Gij(ai) = ( Fp)'(—7)™% (2.27)
1—6y agj
fiila;) = D g ()17, (2.28)
ij \ Wi 1— (9’}/ D a{)tj .

As in autarky, both the quality function and the upgrading cost function found
in the free trade induce that firm’s quality choice is decreasing with their unit-input

requirement, a; and is increasing with the production unit-input threshold, (ath j).

2.4.4 Free entry condition

Firms entering the market until the expected profit from entry equals costs implies

the free entry condition:

T4
E(~) = Fepy,, (2.29)
which can be further expressed as:
aft
sFePl = [l o (B + B - folas) ~ Folplilo(ida (230)
0

An analytical solution for the production unit-input threshold in the costless

trade can be found:
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oty = SFER1=07) +1 -0
Dj FD

T (2.31)

Once the economy opens to costless trade, all producing firms can obtain an
extra demand in exporting market for their varieties and a decreased demand in the
domestic market. However, consistent with Bernard, Redding, and Schott (2007),
the above equation shows that the movement from autarky to the costless trade
does not impact the production unit-input threshold. The main reason behind this
result is that all producing firms export and are affected symmetrically by trade
openness. Thus, the zero-profit condition and the free-entry condition remain the

same. Furthermore, all firms keep their quality choice as same as the autarky one.

2.5 The Costly Trade Model

The assumption that trade is costless provides a good benchmark to understand
better the model with endogenous firms’ product quality. However, in fact, there
are always additional costs of exporting. Thus, this section introduces the trade
cost, including variable trade costs and an exogenous fixed cost, into the model.
Firms that export need to pay extra fixed costs for entering the export markets,?
Fx units of intermediate inputs (where Fx > Fp) and variable trade costs that are
assumed to be of the “iceberg” form. The “iceberg” form induces that 7 (7 > 1)
units of a variety must be exported for one unit to arrive at a particular destination.

The fixed costs imply that not every firm can serve both markets as in free
trade. In other words, there is a selection for exporting as in Melitz (2003). Firms

need to decide whether they should produce and export. An exporter is expected

2Exporters always face significant fixed costs. They have to learn about foreign markets, such as
research the foreign regulatory environment and adapt the products to ensure that these products
conform to foreign standards, set up a new distribution system and also research consumers’
behaviours and inform them about their products.
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to choose a higher quality for its product which can be applied in both markets
compared to the quality of a firm with the same unit-input requirement that serves
the domestic market only as an increased market demand makes quality upgrading

more profitable.?

2.5.1 Zero-profit and No-difference condition

Profit maximisation implies that firms still charge prices as a constant markup over
the marginal cost in the domestic market but set higher prices in exporting markets
that reflect the increased marginal cost 7 of serving these markets. Consumers’
utility functions are assumed to be the same in the two countries, and an extra fixed
cost has to be paid for exporting. There are no firms that export without providing
products for the domestic market, as the costs of exporting exist. Thus, given the
pricing rules, a domestic firm produces varieties with the quality, g;;4, and thus earns
profits, m;;q. Meanwhile, exporters choose product quality, ¢;;,, and provide their
varieties in domestic and foreign markets. Hence, they can earn profits, m;;,. The

profit functions of these two types of firms can be expressed as follows:

Tija(ai) = [@ija(a:) a; " Bja — fija(a;) — Fplpm; (2.32)

Tije(0i) = [¢ija(a:) ;7 (Bja + Bja) = fija(ai) — Fp — Fx]pm; (2.33)

(zZ1) (I e

o— e —a —0 ‘o— ) —0
WE]H(PW) ; Bjz = (T)l WEJF(PW‘) - fija and fij, are

where Bjq = o
J

the upgrading costs for domestic firms and exporters, respectively. Since exporters
serve both markets, there is expected to be a stronger incentive for them to invest

more in product quality to affect consumers’ demand positively.

3In this section, results are all expressed for a home firm as an example. Foreign country obtains
in the same situation.
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The relationship between B} and BJ. can be found as:

Bj, = A Bjq (2.34)
H F
where A = Tl_”(%)l_"g—g, which can be defined as the profitability of serving

the foreign market relative to the domestic one in industry j of the Home country.

As Melitz (2003) mentioned, there are robust empirical correlations between a
firm’s export status and its productivity, implying that a firm makes export decisions
after gaining knowledge of its productivity. Thus, I assume that a firm that wants to
export makes a fixed cost, but the export decision is made after the firm’s unit-input
requirement, a;, is revealed. There are two important conditions for firms to make
production and export decisions: zero-profit and no-difference conditions (i.e. when
firms find no difference between exporting and not). A firm with the production
unit-input threshold (ap;) always finds its revenue equaling its costs, which can be

expressed as:

mijalap;) = qijalap;)(ap;)' " Bjapmi — [fija(ap;) + Fplpm; =0 (2.35)

A firm with the exporting unit-input threshold (ax;) always finds no difference
between being a purely domestic firm and serving both markets, which can be ex-

pressed as:

Tija(ax;) = Tijz(ax;)

l—0o

[gija(ax;) (ax;) "7 Bjg — fijalax;) — Fplpm; = [4ij=(ax;)"(ax;)' " (Bja + Bja)

—fije(ax;) — Fx — Fp|pm;
(2.36)

Firms consider Equations (2.35) and (2.36) to decide whether they should pro-
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duce and export. As exporters, on the one hand, they are expected to improve their
quality from g;;jq to the level of g;;,. On the other hand, they also have to pay the
related upgrading costs, fi;». Meanwhile, firms that only serve the domestic market

obtain the level of quality, g;;4, thus paying the upgrading costs, fijq.

2.5.2 Upgrading costs

Each firm chooses its quality and pays its associated upgrading cost to maximise its
post-entry profits. An optimal quality choice of domestic firms and exporters can

be yielded by the following first conditions of their profit functions respectively:

0fija(dija) _ Waija)al " Bjq = 0 (2.37)
a%‘jd
a g \Yijx —
féqgf]—J ) Y(@ija) ;" (Bja + Bjz) = 0 (2.38)
ijx

The same functional forms for the cost of upgrading are assumed for domestic

firms and exporters.

2.5.3 Optimal quality choice

In terms of the quality function of domestic firms, combining the first order condition
of a domestic firm, Equation (2.37), and the upgrading cost function gives us a link

between Bjq and ¢;q:

0
Gija = (07a; " Bja) =" (2.39)

Then this relationship can be used in the zero-profit condition, Equation (2.35),
to arrive at a domestic firm’s optimal quality choice and thus its associated upgrading

cost, which provides similar solutions as in the autarky and the costless trade model:
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Gija(a:) = ( al Fp)*( = )1‘0“(1_0) (2.40)

9”)/ O/’L l—0o
F -6y 241
1—0y D(aDj) (2:41)

fijd(ai) =

From this quality function, it can be found that quality for the marginal firms
drawing the production unit-input threshold (i.e. ap;) are the same across indus-
tries, which is the lowest level of quality. In addition, this minimum level of product
quality is unchanged from the autarky to the costly trade.

For exporters, the relationship between Bj4, Bj, and ¢, can be firstly derived
using the first order condition of an exporter, Equation (2.38), and the upgrading
cost function,

o
Qijz = [Gyalfg(Bjd + Bj,)|o (2.42)

i

which can be further expressed as using the relationship between Bj;; and Bj,,

Equation (2.34) as:

(2.43)

An exporter’s optimal quality and its associated upgrading cost are then found
by using the above relationship and the condition where a firm finds no difference

between being a domestic firm and an exporter described in Equation (2.38),

9’}/ 0, A 0 (1-0) 1 L. g
) = -0y — =0y 2.44
diel00) = (=g )" 5) 1= ()™ (244)
fuaela) = T Fx () [ — () ] (2.45)
B T T 0y Ny, 1+ A7 '

Equations (2.40), (2.41), (2.44) and (2.45) reveal that, regardless of its export
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status, a firm’s optimal quality and upgrading cost are decreasing in its unit-input
requirement, a;, as in the autarky. However, quality and upgrading costs for a
domestic firm and an exporter is increasing in the production and exporting unit-
input threshold, (ap;) and (ax;). Moreover, 0¢;jq/00 > 0, 0gija/0y > 0, 0g;j,/08 >
0 and 0g;j, /0y > 0 can be still drawn from above equations which mean that more
intense quality upgrading in product quality (larger #) or more attention consumers
pay to product quality (larger ) can motivate firms to invest more on their variety
quality and provide a variety with higher quality.

In addition, comparing the quality functions of a domestic firm, Equation (2.40)
and an exporter, Equation (2.44) concludes that a firm invests more in quality
upgrading and improves product quality when it begins to export. This is due
to that the expansion of the market allows exporters to find upgrading quality
more profitable. Because the lowest quality level stays the same as in autarky with
exporters all improving their product quality (i.e. the highest quality is higher than
that in autarky) and foreign exporters also provide new varieties, the costly trade
contributes to a wider range of product quality in each industry and consumers can

enjoy more varieties with different qualities.

2.5.4 Free entry condition

As mentioned before, firms must pay fixed cost Fg units of intermediate input to
enter the market prior to finding out their marginal costs. They will enter the

market until the expected profits from entry equal to costs:

E(%) = Fppm;

which can be further expressed as:

38



2.5. THE COSTLY TRADE MODEL Chapter 2

ap;
OFpPy; = / [(qzja@'l_aBjd — fijalai) — Fplpm;jg(a)da
| ax (2.46)
X 1-0
+/ [(¢5;a; % (Bja + Bjz) — fije(ai) — Fp — Fx|pm;g(a)da
0

The zero-profit condition is the relationship between the production and export-

ing unit-input threshold,

(2.47)

The production unit-input threshold is higher than the exporting unit-input
threshold when mf > 1. There is a selection for exporting, which induces that
only the most productive firms find it profitable to serve the export market. This
equation also reflects that the distance in the unit-input requirements between the
least productive firm surviving in the domestic market only and the least productive
surviving firm in exporting market is determined by the profitability of serving the
foreign market to the domestic one. In addition, this distance differs across countries
and industries.

Assuming a Pareto distribution for marginal costs and integrating provide ana-

lytical solutions for the production and exporting unit-input threshold in the Home

country:
0Fpk(l—0y)+1—-o0 Fx | ka-6y) 1 k(-6y) o
(apyt = RO ZINE L0 ) ()i af o -1 00 (208)
OFgk(l—60y)+1—0 Fp  ka-0y) 1 kQem
(ax;)" = P g [+ A =R 1) = 1 (2.49)
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2.6 Propositions

This section illustrates how exposure to trade affects firms’ quality decisions and how
this change varies across industries. The intuition for each proposition is provided

here, and proofs are provided in the appendix.

Proposition 1. a‘z}‘jt > ap; (i.e. The production unit-input threshold is lower

in costly trade than in autarky.)
Proof: See Appendix

Consistent with Melitz (2003), when the economy opens to trade, the oppor-
tunities created by trade increase the expected value of entry into each industry.
However, the firms that draw the unit-input requirement between ap; and a“D“f do
not have access to foreign markets and suffer from the more intensive competition.
Therefore, their profits are so reduced that they can no longer earn enough revenue
to cover their production costs and exit the industry. As a result, the production
unit-input threshold, ap;, decreases in both industries and countries.

From the view of the labour market, the expansion of markets induces more
demand for goods, which causes an increase in the demand for production factors.
This increase further bids up the prices of production factors, implying that now
active firms have to pay more for production. Finally, the higher costs for production
drive the firms that used to be marginal out of the markets. Thus, the production
unit-input threshold, af;, is driven down.

This proposition implies that international trade makes markets more compet-
itive following the selection process, which induces a reallocation of market and

resources within industries (from less productive firms to more productive firms).

Proposition 2. g¢;;a(a;) < g;j(a;) (i.e. The non-exporters tend to lower their

quality choice from autarky to costly trade) and g;;,(a;) > ¢;j(a;) (i.e. The exporters
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choose a higher quality for their products.)
Proof: See Appendix

Trade openness causes two impacts on a firm’s product quality. Firstly, the
expansion of markets promotes quality upgrading. The second one is a negative
impact. The expansion of markets attracts more entrants, demanding more produc-
tion factors, pushing the prices of production factors up and leading to higher costs
of quality upgrading. Let us name it the factor effect. All active firms in autarky
turn to different types of firms (exporters, non-exporters or quitters) according to
their unit-input requirements when a trade happens. Exporters can benefit from
the expansion of markets and simultaneously suffer from the negative factor effect.
However, non-exporters can only be affected negatively by the factor effect. This
difference leads to that firms’ responses to the trade over the quality choice differ
across firms’ export status.

Consistent with Ferguson (2010), the model shows domestic firms lower their
quality while exporters improve product quality. In terms of non-exporters, they
face a great increase in the costs of quality upgrading, which leads to a higher
marginal cost of improving quality. Therefore, they cannot even keep their initial
qualities anymore and finally decide to provide products with a lower quality to
survive. On the other hand, although exporters also face an increasing marginal
cost of quality upgrading, access to expanding markets allows them to exploit the
increasing marginal return of improving quality. Therefore, they finally decide to
improve the product quality to gain more profits, as the marginal return increases

more than the marginal cost.

Proposition 3. A > Al and A" < Al (i.e. The profitability of serving the
foreign market to the domestic one is greater in a country’s comparative advantage

industry.)
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Proof: See Appendix

Consistent with Bernard, Redding, and Schott (2007), firms in the comparative
advantage industry find relatively larger profitability in serving the foreign market
than the domestic market. The intuition behind this proposition is that a compara-
tive advantage industry means that products can be produced at a relatively lower
cost by domestic firms than their foreign competitors, and firms in such an industry
in one country can take this advantage to obtain more profits from exporting market

if they can afford the fixed cost of exporting.

Proposition 4.

o af < all, and ah, > af), (i.e. Under costly trade, the production unit-input

threshold is lower in a country’s comparative advantage industry.)

o all, > all, and daf, < daf, (i.e. Under costly trade, the export unit-input

threshold is larger in a country’s comparative advantage industry. )

aH aH aF GF . . . . .
o XL > X2 and % < =2 (i.e. The proportion of firms exporting is larger in a
ap1 D2 ap1 Apo

country’s comparative advantage industry.)

Proof: See Appendix

These findings are consistent with those in a model with no quality upgrading
(Bernard, Redding, and Schott (2007)). From the last proposition, we already know
that profit in the exporting market is greater in the comparative advantage indus-
try, which leads to a relatively high expected value of the entry. A higher expected
value of entry then causes more new entrants. Therefore, a more competitive mar-
ket eliminates firms with relatively high unit-input requirements. As a result, a
larger decrease in the production unit-input threshold can be found in a compar-

ative advantage industry. The exit of the least efficient firms generates a greater
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reallocation of market shares in the comparative advantage industry (towards the

most productive firms).

More firms find themselves able to compete with foreign producers in the com-
parative advantage industry. Even the firms with a unit-input requirement slightly
higher than the exporting unit-input threshold of the comparative disadvantage in-
dustry can find exporting profitable and decide to export. Hence, the exporting
unit-input threshold is higher in a comparative advantage industry. Since exporting
is more profitable in a comparative advantage industry that attracts more firms to
join the export market, the exporting unit-input threshold lies closer to the pro-
duction unit-input threshold in a comparative advantage industry. A larger ratio of

exporting firms to active firms can be observed in a comparative advantage industry.

From the view of the labour market, when the economy opens to costly trade,
there will be a larger proportion of firms exporting in a comparative advantage
industry. The intuition behind this result is that firms are asymmetrically exposed
to different industry opportunities through trade. From autarky to trade, access to
a larger market increases firms’ profit opportunities. It allows them to exploit the
increasing returns to scale associated with production and provide higher-quality
products. However, these profit opportunities are larger in the industry where the
economy has the comparative advantage (industry 1 for the Home country). These
opportunities imply that more firms will find it profitable to export in this industry

(i.e. the export unit-input threshold is larger in a comparative advantage industry).

The increases in exports thus demand both production factors more. Moreover,
this increase in demand is relatively large for human capital. The factor is used
intensively in the comparative advantage industry. Consequently, a positive impact
would be caused by the relative factor price of abundant endowment, which in-

creases firms’ production costs more in the comparative advantage industry. Thus,
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it becomes more difficult for firms to survive. Marginal firms (i.e. firms with the
lowest productivity) would be able to survive in a comparative disadvantage indus-
try but fail to make positive profits in a comparative advantage one, then exit the
market (i.e. the production unit-input threshold is lower in a country’s comparative
advantage industry). Furthermore, the proportion of firms exporting is larger in a

country’s comparative advantage industry.

Proposition 5.

o ¢, (a;) < i, (a;) (i.e. Trade openness will induce non-exporting firms to invest
less in quality. This effect will be stronger in the comparative advantage in

dusty.)

o ¢ (a;) > qf.(a;) (i.e. Trade openness will induce exporting firms to invest
more in quality. This effect will be stronger in the comparative advantage

industry.)

Proof: See Appendix

The fact that the change in product quality is heterogeneous across industries
based on comparative advantage is the main novel result. I have discussed above that
all firms face higher costs of quality upgrading. This increases the cost of investing
in quality and discourages firms from improving product quality. However, more
entrants come into the comparative advantage industry as the profit opportunities
are larger in the industry, which bids up the relative price of abundant factors
(i.e. the relative price of human capital shifts up in the Home country and the
relative price of physical capital is higher in Foreign country). Hence, the costs of
quality upgrading increase more in the comparative advantage industry. Therefore,
Firms that serve only the domestic market have to choose a lower quality in the

comparative advantage industry conditional on the unit-input requirement.
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Exporters are not only affected by the factor effect negatively but also by the
expansion of markets positively. Following Proposition 2, the effect of expanding
markets outweighs the factor effect. In the comparative advantage industry, access
to export markets allows exporting firms to find higher profitability in improving
product quality. Thus, this increase in the marginal return is much greater than
the increase in marginal cost from upgrading quality. Hence, exporters tend to
raise their quality choice to maximise their profits from autarky to costly trade. As
a result, exporters produce higher-quality products in the comparative advantage

industry than those with the same unit-input requirement in other industries.

2.7 Conclusion

This chapter has built and described a tractable trade model to show the interaction
of countries with different endowments, industries with different factor intensities
and heterogeneous firms choosing an endogenous quality choice. The analysis high-
lights the significance of placing the industry difference at the centre to examine
firms’ responses over product quality to international trade.

The contribution of this chapter to the literature is to show that the response
to the quality of firms differs across industries. This model has emphasised the
importance of inter-reallocations across industries when the economy faces trade
openness. The inter-reallocations highlight the comparative advantage caused by
relative endowment and differentiated factor intensity in industries. The compara-
tive advantage exists in the industry that uses the relatively abundant endowment
more intensively, ensuring that firms enjoy a greater benefit from the relatively
higher demand of foreign countries than firms in the comparative disadvantage in-
dustry. This differential induces that the relative price of the abundant endowment

is shifted up more, which causes more costs for all firms involved in the comparative
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advantage industry. As a result, the non-exporters in the comparative advantage
industry respond to the trade through a lower-quality choice than those in the com-
parative disadvantage industry. However, for exporters, the higher demand from
foreign markets outweighs the increased costs. As a result, they raise their quality
more than exporters in the comparative disadvantage industry, conditional on the
same productivity.

The implication behind this chapter for theory is that firms’ endogenous invest-
ment is made for quality upgrading rather than productivity improvement. It would
be a potential idea for trade theory to incorporate firms’ quality investments based
on other basic theoretical models. Furthermore, there are still opportunities for fur-
ther research under Bernard, Redding, and Schott (2007). Comparing the aggregate
qualities of industries is unrealised in this model, which will be included in Chapter
3.

In addition, following Melitz (2003), the model in this chapter features that more
productive firms can produce at a lower production cost. Meanwhile, those firms
will provide markets with higher-quality goods. Though they have to invest more
in quality, the model still captures that more productive firms charge a lower price.
This conflicts with the reality that firms providing high-quality products always
have to purchase high-quality intermediate inputs and thus charge higher prices,
supported by many empirical works such as E. A. Verhoogen (2008), Kugler and
Verhoogen (2009) and Manova and Zhang (2012). The next chapter seeks to further

extend the model by incorporating this reality.
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2.8 Appendix

2.8.1 Proof of Propositions
Proof for Proposition 1

To prove af¥ > ap;, I can obtain the ratio between the production unit-input

threshold in the autarky and in the costly trade one using Equation (2.21) and

(2.48) as
o ( —0v) k(1—67)
ap, _[(}ff—k(l o {1+(FX) 7Jrl[(lJm‘lH)l i 1]%
aut 0 1—0
apj —5155 Mi-frtl—e UW_)IF

F a- A—=06v) 1
— {1+ () AT -

k(1—6~) k(1—6v)
l1—0o

(1 +A§{)ﬁ —1] »=1 , is non-negative and k£ > 0, the

As the part, (%)
aut

above ratio is smaller than one. In other words, ap; > all Dj» the production marginal

cost cutoff is smaller in costly trade than that in autarky.

Proof for Proposition 2

To prove qu(ai) < ¢;j(a;), I can obtain the ratio of the non-exporters’ quality choice

and the autarky quality choices as:

Given ¢ > 1 and 1 < 0y are assumed and aff > aD] from Proposition 1, the

above equation is smaller than 1 inducing ¢/7,(a;) < g;(a:).
To prove qu(ai) > @gi;(a;), I can also obtain the ratio of the exporter’s quality

choice and the autarky quality choices as:
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[quml)]% — FX( )1 & [1 B hﬁw)ﬁ]_l
Qij(az’) FD( aut)l f’w

Fx axj, o1 1 1y
= *Q’Y ]_ —_ —_— )10y
Pb<a%n> 1= ()™

Then substitute the solutions for a’ x; and a““t into the above equation,

H

Gij (i) 1 Fx Fp Fp ka-om 4 L k1-67) . 1 1y
e 2 14+ (=) 1-7 14+ A7)1T=0v — 1| -0 k(l 07 1— -0y
ey = e+ (SR Ay — S 1 - ()

o—1 1 1 FD

Fx 1o e=i
= (= =01 — oy |71

k(1—0~) l1—c

SDyEER ] AyTm ]

And now for simplicity, I assume that [(1 4+ Af )ﬁ —1]7' = ¢;, and I can find

that [1 — (ﬁ)ﬁ]_l = ¢; + 1. Then the equation can be expressed as:
J

H —
Qi (@) 1 Fx - _o=1_ Fp ra—oy 4 0= 10
[q?'.(a.)]e :(Fp)l )+ (o) F; ot e
ij \ Wi

() 71+ 6))
D
k(1—0~) +1 M o—1

[1+<§_§)ﬁ 9, M e )

k(1-67)
As W > 0 and ( X) =t 1, thus this ratio is bigger than the following

Equation (A.1), which can be expressed as:

()T (1 +9))

FpyE0=01) g =

(7)™ o ¢j1 n ¢)] o (A1)
j

k(1—0~) o1

(14,70 )it
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And % > 1 can ensure that Equation (A.1) is bigger than the following

Equation (A.2), which can be expressed as:

1+¢j

[(1+¢y) = | (A.2)
B 1+¢j
N 1—|—¢j

As a result, the initial ratio is bigger than Equation (A.1) and Equation (A.2)
which equals to 1. Thus, it induces that ¢/, (a;) > g;;(a;).

Through the proving process, the conclusion that exporters raise their product
quality and non-exporters lower their quality choice can be derived from the theo-
retical model, which shows the response differential over quality from heterogeneous

firms.

Proof for Proposition 3

E pPH

—=)179. Assume that both countries share the same

- H
As mentioned before, A}’ = o = ( Pr

ratio of expenditure spent in one industry to the total expenditure. Hence, I can

obtain the ratio of A and AZ.

A P B BB
Ay Rt P ETEY
PlH -0 P2F -0

Through this equation, the value of the ratio depends on the relative industry
price levels in the two countries. In the costly trade, the relative industry price level

in Home can be expressed as:

D "Qﬂ(am)V

)) QQm(axz)’Y

(Pl im0 = NBOF @B)afy(af T+ N (oF (@) af (03N (f (o
H
X

F
— _D1. _D1. X1 axq
)’Y+NX2(Tp2 (a f{

NEo (05 (apho)) =7 ash(afs )T+ N, (05 (a¥5)) ~ 703 (a
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This equation shows that the price level is determined by three types of firms

(domestic firms, domestic exporters and foreign exporters) within one industry.

First, one extreme situation that has to be noticed is when 7 — oo and Fx — o0,
foreign exporters have to sell their goods at a very high price in the domestic market
that no consumer can afford it. As a result, there will not be any exporters. The
whole economy goes back to the autarky situation. Thus, the relative industry price

index converges its autarky value.

(I

Combining B] = W
J

E; and the zero-profit condition in autarky

l—o—am 1-m—o

L . _8. . _8.
(1 =m)m™=m (af) 1=m le’m(WSJWIl( BJ) m — FDWS]WII( % = 0) contributes

to the relative industry price index, which can be expressed as (5 m
2

since the production unit-input threshold is indifferent across industries. Hence, the

value of the ratio of A and A% can be found as:

L AT R L AR
A 1w pooWig
— [(W,SIV{/WII;I>51762]7G'
WEWE

where the production of industry 1 uses human capital more intensively inducing

H F
that 51 > f5. As human capital is relatively abundant in Home country, W—SH < %
K K

and then AH > Al

Another extreme situation that has to be mentioned is when 7 — 1, and Fx —
0. All active firms can export (the whole economy returns to the costless trade
situation). In this case, the number of active firms within one industry is the same
across countries (the sum of all active firms in two countries). Hence, the relative

price is equalised across countries, inducing A = AX.
For intermediate fixed and variable costs where costly trade occurs, the ratio
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value should lie between these two values, the autarky and the costless trade value

(ie. AH > AH).

Proof for Proposition 4

First, from Equation (2.47), ?—g[(l + Af)ﬁ - 1]}111"(] = mi > 1 is assumed. As

Oy < 1, AT > AT and =% is negative, I can derive the result that m < mZ.
Y 1 2 -0 g 1 2

To prove a¥, < ak,, T can obtain the ratio between the production unit-input

threshold in two industries using Equation (2.48) as

T e o CRALE i (LR ) i B
ag2 szk(l 97)+1 g{1+(FX) R 7)+1[(1+AH)1 - ]’“(}, (iv)} )
(+ () F 0+ AT 1
[+ () Afyem -1y
- [[1+%(m{{)k]l]i
[+ 5 (md)

As mi < mfl and k > 0, the above ratio is smaller than one. Thus, a¥;, < af,.
The proof for af), > ab, is similar. Therefore, it can be said that the production
D1 D2

unit-input threshold in a comparative advantage industry is lower.

To prove af, > a%,, T can obtain the ratio between the exporting unit-input

threshold in two industries using Equation (2.49) as

o1
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oy R () e g
afty %M{l—i—(%) k(1 3”“[(1+AH)ﬁ_ ]k<17§w>} )
_ e @ e e g
= {1+(§_D) 7)+1[(1+AH)1 - _1]1@(} gw} |
B 1—|—§—§(m{{)k]i
R R

As mil < mf and k > 0, the above ratio is greater than one. Thus, a¥, > a%,.
The proof for af, < ak, is similar. Therefore, it can be said that the exporting

unit-input threshold in a comparative advantage industry is higher.

H H . H. 1—6y
To prove =+ > =2 Tuse Equation (46), a% ={# o[(14 Ao = 1} =o =mf.
D1 D2 X
a¥; Hy-1 H H ook a¥
As 7 = (mj)7 and my’ <my, > QL the ratio of exporting firms is higher
Dj D1 D2

in the comparative advantage industry in one country.

Proof for Proposition 5

As obtained from the expression of qu(a,-), the ratio of relative quality choice can

be expressed as:

1 —o7 11
[qifllsc(al)]% _ (axz)ll_—ef; - (1+A{1)1 ]
H o 1
iz (@) ax1 [1- (1;45)1797]_1
B ) k(1=67) 1
T I L et I O Dl
- -0y
k(1—67) T(167) -
1 —I'_ (?—)D() 1—0o +1[(1 —I— Ag) 1-0y — 1—0o [1 — (1+i‘£{)1_9’y]_1
k(1—6~) k(1=67)
1_|_ Ip o o—1 .
= (FX) 1(1 07) ]k&_w 1 i
k(1—-0 -
L4 (fp)fiestitg, = + ¢
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where gbl < d)g.

Extract the common factor £2 from the numerator and denominator in the

Fx
bracket.
k(1—6~)
g (a;)11 FX +(F)D(¢ ) o1 ﬁ 1+¢1
[Fe—]e = Foy) PO " e,
02, (as) FXJr( ¢2)ﬁ 2

Now I can propose Equation (A.4) is smaller than the original equation.

k(1—6)
(B + Fron

k(1—6)
(?X + §§¢2) o—1

D

]k(tgw) 1+ ¢
L+ ¢

(A4)

Here, I add proof of proposing Equation (A.4) which is smaller than the orig-
e
= 5 < 0, I have to prove that —2 o)

inal equation. Given —1 < d

Fyx k(1—067)
(K)o T

wasy- Lo do that, I am exploring the monotonicity of the function
B () T
Fp " Fp

Fx z
FD

(+)Z

Yy = Since ¢y > ¢1, | have to derive that the function is monotonically
increasing for x in the valid interval.
The first-order condition of the function subject to x can be expressed as:
T I(I;)D(J'_x)z Z( +:L‘)Z I(FX_,’_XZ)
(#% +x)2z

gl

Simplify it.

Since ?—gqﬁl > 1, qug > 1 (which means that > 1) and 1 > 1 (which

G K1-67) ~
means that z > 1), the first order condition can be positive all the time. Further-
more, we can say that the function is monotonically increasing for x in the valid

interval. Equation (A.4) is smaller than the original equation.

Then I can simplify Equation (A.4).

1t 141 _ 4
1+¢1 1+¢2
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Since Equation (A.4) equalling one is smaller than the original equation, I can

obtain qgl(ai) > qg2(ai)-

2.8.2 Proof of The Autarky Model

Proof for quality choice

Combining Equations (2.13) and (2.14) in the main text can contribute to a rela-

tionship between B;, ¢;; and a;:

19
Bj = =4

J 0’7 q7 a}ia’

Once let a; = aff, it becomes:

1-6

. tN—g

B‘(Gau-t) _ 1 ‘hj(a(buj) 4
D) 0y gy (ag)—Tal 7

where although I name it as Bj(a%?), Bj; is in fact the same value for all ;.

And then substitute B;(a%) into the zero-profit condition described in Equation

(2.12):
t N 3
A Hau au —o 1 K J — . ( yaut) 5
qij(apy)" (aDy) by ai (- Lagi—o — i (ap7)? + Fp

1

gis(aB)? = 125 Fp

Hence, Bj(af)) can be rewritten as:

B'(O/au»t> _ 1 (12ZWFD)1—9
J Dj 0~ (1ﬁ’g’yFD)0('y—l)(aaDu}t)1—o-

Finally, T use the new form of B;(a%{) to replace B; (as B; does not vary across

i) in that relationship between B;, ¢;; and a;:

1-6

0y 1-6 9

1 (=7 Fp) =1 %y
0y (ﬁFD)Q(W_l)(“%?)l*U Oy Q;Yj_ a;” 7

After simplifying this equation, I can obtain the quality choice equation as Equa-

tion (2.17):

6 a; \—2=(1—0c
dij = (ﬁFD)G(aaD@t)l_h( )
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Proof for production unit-input threshold

To derive the production unit-input threshold, I start with the free entry condition,

Equation (2.20) in the main text:

0FEpmj = foaDj [(qzjaZkUBj — fij(a:j) — Fp)pmslg(a)da

1
First, I substitute B; and f;; = ¢; into the free entry condition:
1—9 1
o qz 0
5F = [y (a0 775 s — 4 — Fp)gla)da

Z

Through simplifying this equation, I can obtain:
0Fp = anDJ _’y_qw FD)g(a’)da

Then g(a) = ka*~! and ¢;; = (ﬁ—ngD)"(a‘;gt)ﬁ(l—”) can be used in solving this
B;

equation:

5FE—kfaDJ 19$7 f”’ Fp( m)l ‘Ma — FpaF™)da

0Fp = kli—imi=gy FolaB))* — Folap)]

Finally, the production unit-input threshold can be found after further simplify-

ing and expressed as Equation (2.21) in the main text:

(aaut)k _ 0Fg 1—0+k(1-6v)
Dj/ = Fp o—1

2.8.3 Proof of The Costly Trade Model

Proof for exporters’ quality choice

When a home firm makes no difference in exporting or not, that means it arrives at

the situation described as Equation (2.36) in the main text:
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[qu<a§j)’y(a§j)l_03ﬁl z?d(an) FD]pmj =

[ng(a§j> (aX])l U(B Bﬁ:) - Z]jx(a)}g]) FX - FD]pgj

Then this equation can be simplified as follows:

di<a§j>7(a§j)l_03ﬁi zI]_Id(a)H(j) = ql]l‘(ag]) (aX])l U(B B]Ii) z?x(a§j> FX

Following the same logic, I use Bfj(a¥,) and [Bfj(a¥;) 4+ BJL(a¥,;)] which can be
obtained from Equation (2.39) and (2.42) when a = a¥;, and it can be further used

in solving this equation:

H (o H \y( o H \l—o 1 %ja(a¥;) 0 H ( H\:
. . . — . 6 —=
qzjd(an) (aX]) v o (@l )1 (all, )17 %;d(aX])
H ( H )156
H (,H \y(,H \1-¢ 1 9ije\9X 5 H (,H \i
Qs Ay - — a " — F
qz]:v( X]) ( X]) Q»ngz(a)fgj)’y—l(a)lgj)l—o qz]:v( X]) X
1=y H ( H \+ _ 1-6y H \+
97 ngd(an>9 - g—y qz]x(an>9 - FX

After this, use the same relationships in the last step to replace ¢/,(a¥;) and
g1, (a¥;) by Bff and B} + B[l Moreover, Bfl = A B} can also be used to simplify

the equation:

— 1 Y 1
5[0y Bl (ak ) o) =7 = 52 (6y(BE + BIL)(ak)' 7+ T — Fx
[( 1+{4]H)m - 1][07‘8‘%(@5])1 U] 1= 07 - 1— g,yFX

Finally, substitute Equation (2.43) in the main text into this equation:

e 1-6
(k)™ 0755 e el )

1 1 afl 1o 1 0
()™ = ) = (50 (aff)? = 155 P
To simplify this equation, I can obtain the final quality function for exporters as
Equation (2.44) in the main text:

Y _(1—¢ 1
qu(ai) = (%FX)G(%)FMO )[1 - <1+{43H)1_97] o

X
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Proof for the relationship between two thresholds

Derive the ratio between Bfj(a¥;) and [Bfj(a¥;) + BfL(a¥,)]:

Bﬁl—l-Bﬁ: . [q{]{.z(agj)r—ew
o o [ H
Bja 4;5a(ax ;)
H (. H
14+ AH = [Llxyi5m
J qijd(an)

Then substitute ¢/1;(a¥,;) and ¢/],(a¥,;), and simplify it:
(£ Fx)*[1— (HAH)lfev]-@ .
(ﬁ%%)@(%@;)k%“‘“}
F _ ol s _1 . 1-6y
1 + Af = (%)1 97(%)1 [1 — (1+14§{)1—97] 0

Finally, the relationship described in Equation (2.47) in the main text can be

arrived at:

(lH-
G = {FRl+ AT - 1) = m,
Proof for the production and exporting unit-input threshold

Based on the free entry condition, replace f/1; and f/I. by (qmd)é and (qgm)é:

H oH .
5FEP£2=f (g i OBE — fH(a;) — Fplpt g(a)da + [, [(¢;a; " (Bja +
Bjo)" — fll.(a;) — Fp — Fx]pll;9(a)da

Then substitute Equations (2.39) and (2.42) in the main text into the above

equation:

aH
0Fp = [, (450" (@5a) 7 5 o= — fija(as) — Fplg(a)da +

o
f XJ[(qz’); 21 U(qu )T% 211—0 - fz?x(aJ - FD - FX]g<a>da

simplify it, and I can obtain the following:
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H a
5Fp = Ji 52 (0l — Fplg(ada + [} 55 (glL,)E — Fp — Fxlg(a)da
Substitute Equations (2.40) and (2.44) into the equation:

aH-_ o)1l
6Fs = [ 50155 Fo)' (3-) 7" ~7)F = Fplg(a)da+

ay; 0~ 1—6~
o 0 (1_o 1 a1
TGS ) ) ™ 7 = (i) 7] )0 = Fp = Fxlg(a)da
simplify it, and I can obtain the following:
0FEp =
ol afl, a1z i
Jag! (Fo (3™ = Folgla)dact Jo™ [P (3™ 1= () =)' = Fo—Fxg(a)da

As g(a) = ka*~! is known, the above equation can be computed as:

1—0o 1—0c _
0Fp = [FDk(ﬁng_)H’” (a’gj)1707+k#(917_97) — Fp(ap;)*] -
[Fok( ) (0l 19 ¥ s Bl + (Fk( ) (1~

H
x5
H

)]

1 =0 ,p —0
(1+1Af)179V] l(agj) 1=y ¥ 1—0ik(?—6’y) (Fp + Fx)(ax
simplify it, and I can obtain the following:

o— k(1—6
0Fp = ti=gy Folafh)F — Fp (5 >1 T (alf ) ey T Fx[1 -

! 1-6
(1+1A]H)1‘9”] (an)k#(lz)G'y) — Fx(ax;)*

Then substitute the equation describing the relationship between two thresholds

here to derive the above equation:

0Fp = =g Fo(af};)F — FpEs[(1+ Af)wo —

k(1-6 ——1— k(1-6
1)~ ad;) 1 (ol F et o+ Py (1 — (i) =) (aff)h i) — Fc(al)”

1
1+A;‘1

As [(1+ Af)ﬁ 1 t+1=[1- (ﬁ)ﬁ]_l is known, use this equation to

simplify the above equation:

_ o—1 H \k H \k__ _k(1-67) H \k
OFp = imm Fplap;)" + Fx(ax;) W(lzev) — Fx(ay;)
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Then use the relationship equation again to derive the final expressions of two

thresholds:
o ( —07) 1 k(1—0)
(a/g])k = (;F‘LDE(IG,Y—H{]_ + (FX) 'y +1[(1 _’_A‘;-[) 1719’\{ . ] — I’Y } 1
o k(1—6v) 1 k(1—6
(a,)}gj)k = —6}5)‘? (19'7—“{1 + ( ) — +1[(1 + AJH) 1_197 _ ] 707 } 1
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Chapter 3

Comparative Advantage and
Quality Choice of Heterogeneous

Firms

3.1 Introduction

Based on the theoretical model, I started thinking about the empirical tests where I
can find supporting evidence for those propositions in Chapter 2. Recent empirical
works state that more productive firms produce higher quality goods (e.g. E. A. Ver-
hoogen, 2008; Baldwin & Harrigan, 2011), consistent with the model in Chapter 2.
However, the model in Chapter 2 follows the model of Melitz (2003), which features
the monopolistic competition framework and increasing returns to scale, indicating
that more productive firms will charge lower prices as their average cost is relatively
low. Thus, it concludes that more productive firms produce higher-quality goods
but charge lower prices. This result conflicts with the facts revealed in the literature

that more productive firms produce higher quality goods and charge higher prices
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for their goods (e.g. Kugler & Verhoogen, 2012; Manova & Zhang, 2012)." Thus, it
motivates me to rethink the theoretical model and to improve the work of Chapter
2.

This chapter extends the model in Chapter 2 by obtaining that more productive
firms provide higher-quality goods and charge higher prices. Meanwhile, it tries to
derive the same predictions as in Chapter 2 and to find some novel propositions.
Exporters invest more in product quality than autarky, while non-exporters produce
lower-quality goods. The existence of a fixed cost of exporting implies that only
the most productive firms benefit from export opportunities. These opportunities
encourage firms to invest in product quality which pushes up demand for production
factors and costs, driving down the ex-post profitability of producers. Exporters
with access to expanding markets find it profitable to improve quality, while non-
exporters see their market size reduced, which induces firms to lower the quality of
their products.

Finally, the framework in this chapter provides a novel prediction that there is
an improvement in the aggregate or average industry quality when the trade opens,
which is greater in a comparative advantage industry. Exporters improve product
quality when moving from autarky to trade, while non-exporters produce lower-
quality goods. The final improvement in aggregate quality is due to the positive
effects of exporters and the least productive firms that exit the market, outweigh-
ing the negative effect of non-exporters. This difference is more pronounced in a
comparative advantage industry, contributing to a relatively high aggregate quality
level.

The framework in this chapter also features the same assumptions as the model

TAlthough all papers mentioned above use the unit value of products to index the quality
and then provide potential explanations or hypotheses regarding product quality. More recent
works have proved the positive relationship between product quality and price using the quality
estimation from A. Khandelwal (2010), which is commonly used in the literature (e.g. Fan, Li, &
Yeaple, 2015; Manova & Yu, 2017).
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in Chapter 2 except for firms’ choices of intermediate inputs. Specifically, this chap-
ter allows firms to use differentiated rather than homogeneous intermediate inputs
in one industry. They produce the intermediate inputs based on their quality choice
for final products and use these inputs for the production of final products and
quality upgrading. Thus, more productive firms that tend to produce higher-quality
varieties have to produce and use more expensive (higher-quality) intermediate in-
puts, which increases the marginal costs of final products. Furthermore, this effect
of intermediates inputs on the price of firms’ final products outweighs the effect of
firms’ productivity, leading to more productive firms that produce higher-quality
products charging higher prices for their products.

The rest of the chapter is organised as follows. Section 2 reviews the related
quality literature. Section 3 introduces the autarky model showing how a firm
chooses its product quality and produces the goods. Section 4 describes the costless-
trade model where all active firms can service domestic and foreign markets. Section
5 specifies how a firm adjusts product quality according to its export status under
costly trade and how this adjustment differs across industries. Section 6 presents

several propositions drawn from the model. The final section concludes.

3.2 Literature Review

As this chapter and chapter 2 share the same goal, they are both based on the H-O
model to derive a theoretical model that can explain how firms’ product quality
varies across industries. These two chapters share most of the literature. Here, to
avoid being repetitive, the literature presented in chapter 2 is omitted.

More studies have stated a positive relationship between firms’ production effi-
ciency and product quality and price. E. A. Verhoogen (2008) establishes a model

with heterogeneous firms and quality differentiation and proposes that more produc-
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tive plants produce higher-quality products than less productive firms. Moreover,
using the panel data on Mexican manufacturing plants and ISO 9000 certification
as a sign of higher-quality products, he finds evidence that supports the above qual-
ity proposition. Baldwin and Harrigan (2011) introduce a taste for quality into
the model of Melitz (2003), where firms capture heterogeneous productivity and
fixed costs for entry. Thus, in their model, firms’ competitiveness relies on their
quality-adjusted price, and more productive firms produce higher-quality products
and charge higher prices. Empirically, they use highly disaggregated U.S. trade data

to establish facts that support theoretical predictions.

More literature focuses on intermediate inputs that firms use to produce the final
outputs to understand further the positive relationship between firms’ production
efficiency and their product quality and price. Using the Colombian manufacturing
census data, Kugler and Verhoogen (2012) observe that larger plants pay more
for their input material and charge higher prices for their final products. They
then extend the framework of Melitz (2003) model to incorporate the input and
output quality to interpret those empirical facts. More productive firms produce
higher-quality products using higher-quality inputs and thus charge higher prices.
Meanwhile, Manova and Zhang (2012) use detailed export and import data on the
universe of Chinese trade flows and uncover some stylised facts. First, given a certain
product, exporters charging higher prices can enter more markets, have bigger sales,
and gain greater revenues. Second, those firms charging higher prices, entering more
markets, and earning greater revenues import more expensive inputs. To explain
these stylised facts, they propose that more successful exporters produce higher-
quality products by using higher-quality inputs. Using the same data from China,
Fan et al. (2018) show that a tariff reduction contributed to firms increasing their

exports’ quality and inputs, concentrated in the least productive Chinese exporters.
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This finding also indicates that firms can improve their product quality by accessing
higher-quality intermediate inputs.

To fit the proposition that has been documented in the above literature, I make
some changes for the intermediate-input sector where there is still a perfect competi-
tion environment. Firms are assumed to use different intermediate inputs to produce
their final products, and they choose inputs based on the final products’ quality. Less
productive firms require more inputs to achieve a certain quality product. Thus,
this framework features that more productive firms produce higher-quality products
using more expensive (higher-quality) inputs and charge higher prices. This chap-
ter shows the differential of heterogeneous firms’ quality choices across industries
conditional on their export status. Exporters raise more on product quality, and
non-exporters choose a relatively lower quality in a comparative advantage industry
conditional on the same productivity. Moreover, our framework also predicts an
improvement in the aggregate or average industry quality when the trade opens,

which is greater in a comparative advantage industry.

3.3 The Autarky Model

This section maintains the situation that economies are closed. It considers a world
of two countries (Home country and Foreign country), two industries, two produc-
tion factors (human capital and physical capital) and a continuum of firms with a
heterogeneous unit-input requirement for one unit of final output within both in-
dustries. The standard H-O assumption is that countries are identical in preferences
and technologies but feature different factor endowments. Factors of production can
move between industries within countries but not across countries. The above as-
sumptions are the same as the model of Bernard, Redding, and Schott (2007). H is

used to index the Home country where the human capital is relatively abundant, and
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Fis used for the Foreign country where the physical capital is relatively abundant.

3.3.1 Demand

Consider one country consisting of a continuum of consumers. Their utility comes
from consuming the output of two industries (denoted with C;, j = 1,2), each con-
taining many differentiated varieties produced by heterogeneous firms. The utility

function is specified as the Cobb-Douglas function form:

U = (C))*(Cy) O<p<l (3.1)

where p measures the importance of industry 1 in the utility function (in equilibrium
is also the proportion of total consumption expenditure devoted to the good of
industry 1).

As quality is considered in the model, varieties are aggregated according to the
standard Constant Elasticity of Substitution across varieties (CES) functional form
expenditure associated with the expenditure function in industry j (defined over
prices of varieties, p;; and its quality, ¢;;), which are different from that in Bernard,

Redding, and Schott (2007).

PRI
C; - [ / g dz} (3.2)
S

Ej :/ PijCijdi (3-3)
ien

where o is the elasticity of substitution across varieties (o > 1), and « describes how
much consumers care about product quality. I keep all the other parameters identical
across industries since this model shows how differences in factor endowments shape

quality differences across industries.
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These aggregates can be used to derive the optimal consumption of each variety.

—0
= b g (3.4)

‘r'L] Pl*O’ J
J

where B represents the aggregate expenditure on products of the industry j (i.e.
Ey = pR,Ey = (1 — p)R, where R denotes the total revenue of the economy) and

P; is the aggregate price index, which can be expressed as:

_1
P; = { / pi{"qi”jdi} (3.5)
1€Q

Until now, all the assumptions are the same as the model in the last chapter.

3.3.2 Production

Compared to Bernard, Redding, and Schott (2007), to explore product quality,
I introduce the intermediate-input sector. Each variety in the final good sector is
produced by a unique firm in a monopolistically competitive environment. Firms use
linear technology in a unique intermediate input specific to that variety to produce.
Any firm in the intermediate input sector can produce this intermediate input in a
perfectly competitive environment with a Cobb-Douglas technology involving human
(S;) and physical capital (K;) in proportions 3; and 1 — j; respectively. However,
the input requirements of each firm in the final good sector depend on the quality
of the final good produced with higher quality goods requiring firms to devote more
resources in the intermediate input sector to produce one unit of intermediate input
for them. More precisely, the production function of intermediate input can be

expressed as:

vy = H; S K; 77T (3.6)
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with H; = 8;7%(1 — ;)75 (0 < H; < 0) and $3; measures the degree of human-
capital intensity of intermediate inputs used in industry j. Assume that g; > (s,
implying that industry 1 is human capital used intensively. Furthermore, we assume
that Tj; = g;;° where g;; is the quality choice of firm 7 in the industry j and e measures
the elasticity of intermediate input unit requirements to quality in the intermediate

input sector.

The price of intermediate inputs can be obtained by solving the firm’s cost-
minimisation problem and applying the fact that the price equals the marginal cost

of production in perfect competition.
_ J 1-Bj e

where p,,;; is the price of intermediate inputs used by firm ¢ in industry j, Wg
and Wy are rewards of human and physical capital, respectively. Thus, it finds
a positive relationship between the price of intermediate inputs and the quality
of final outputs. This indicates that firms providing higher-quality products use
more sophisticated inputs for their production. This relationship fits the reality
that firms providing high-quality products always have to purchase more expensive
(higher-quality suggested) intermediate inputs supported by many empirical works
like E. A. Verhoogen (2008), Kugler and Verhoogen (2009) and Manova and Zhang
(2012).

3.3.3 Investment in Quality

In the model where the quality is endogenous, firms choose the level of product

quality via investing in the number of ‘ideas’ in the firm. The following function
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describes the mapping of ideas into quality:
Qij = Zij (3.8)

where z;; represents the number of ideas. This assumed positive relationship is con-
sistent with Sethi (2000) where authors state the important role of the ideas for
improving quality in producing high-quality products. For simplicity, a monopolis-
tically competitive environment is assumed in the input sector, which means that
firms produce intermediate inputs for themselves.

I then assume that firms use the same intermediate input used in production for
the final output to produce ideas, and more productive firms require fewer inputs to
produce an idea. The number of intermediate inputs required to produce a number

of ideas z;; can be expressed as:
f(z5) = a%zilj_e (3.9)

where o (a > 0) reflects the extent to which the number of inputs needed increases
with an increase in a firm’s unit-input requirement. The cost function associated
with a number of ideas z;; is given by,

c(2i5) = a2} “Prmij (3.10)

VY

Substituting the price function of the intermediate inputs presents the quality-
upgrading cost function as c(z;;) = af;zi;We’ Wfl(_ﬁ 7. This expression reveals that
to obtain the same level of product quality (¢;; which equals to z;;), less productive
firms (the firms with a higher a;;) have to pay more for the quality upgrading
compared to more productive firms. Andrews, Criscuolo, and Gal (2015) define the

most productive firms as larger, more profitable and more likely to patent. More
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productive firms thus have better access to more advanced technology to develop

product quality.

In addition to quality investment, firms must pay fixed and variable costs to
produce in an industry. For simplicity, I assume that the intermediate input involved
in the fixed costs (FpWy’ W;;’B 7) is generic across firms within one industry and it
does not depend on the quality of the final good in question. However, it is produced
with a technology that uses the same input intensity as the final good technology.
Furthermore, the cost function shows that to obtain a certain quality of products,
less productive firms (i.e. with a higher a;;) have to invest more. Finally, profit
maximisation implies the equilibrium price of final outputs, which equals a constant

mark-up over marginal cost:

g e B 1-8;
Pij =7 1aiQijWSJWK ! (3.11)
Therefore, the operating profits of a firm with a final good of quality ¢;; can be

expressed as the revenues subtracting the quality investment and fixed entry costs,

which can be expressed:

_ DPijTij
7Tij -
o

— (i) — FpWEIwy % (3.12)
Then the profit function can be simplified as:

m; = al G WEWLT N B — 0t WEW T — FpoWE W (3.13)

% i

Uil )170-

O'(Pj)lfo-

where B; (B; = E;), is common across firms within the same industry, and

it captures, among other things, changes in the industry demand.
Firms choose the optimal level of quality ¢;; by maximising profits. Its first
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condition is given by,

Omj

Sl = [y (1 = ol g O WIWE) B et =0 (314)
1]

7 1%

The quality function can be obtained by simplifying the first condition as follows:

[y +e(1—0)]B
ai IS W)

2= g = | | e (3.15)

From this quality function, let us assume that 0 < v+ e(1 — o) < 1. Based on
this assumption, quality is positive, ensuring the maximum solution identified in the
first-order condition. So, it can be seen that quality increases with B; (i.e. a higher
demand from the market is related to a higher quality for goods). A higher demand
gives firms a higher marginal return, inducing firms to choose a higher quality for
their goods in this situation. At the same time, given that a« + ¢ — 1 > 0, the
conclusion that more productive firms invest more in quality (g;; is decreasing with

a;) can be obtained.

However, this writing quality function contains B; containing the aggregate price
index, an endogenous variable. This function may cause difficulty in further com-
paring qualities in different situations. So I would like to find another expression of
quality where I can replace B; by a“D“f (the number of intermediate inputs required

for one unit of the final output of marginal firms). However, the above quality

function will still be used for the following model set-up, which is more convenient.

For simplicity, let me denote that [y + e(1 — o)] = m. A firm drawing the
production unit-input threshold can cover the fixed costs of production, which is

defined as the zero-profit condition:

au; —o au e(l—o J 1-Bj\—c aut\«o au;
(aDjt)(l )Qi](aD;)FH— (1 )(WS WK ) BJ - (aDjt) qij (aDjt) = FD (316)
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Combining the first-order condition, Equation (3.14) and the zero-profit con-
dition, Equation (3.16) can contribute to the following quality expression for the

marginal firms as:

aut) — mFD

dij (aDj

(a%‘jt)*a (3.17)

1—m

According to the above equation, the marginal firm’s quality is negatively asso-
ciated with the autarky unit-input threshold. It means that in those industries in
which there is more selection, the quality of the marginal firm is higher.

Based on Equation (3.14), T can obtain a ratio between a; and a%.

m—1
() = (o
api’  aylapf)"t Capy

) (3.18)

Then the quality function can be found after substituting Equation (3.17),

F ato—l am+to—
TED T () (3.19)

qijzl_m

3.3.4 Firm Entry

After firms’ entry, they draw their unit input, a;, from a distribution, g(a), which is
assumed to be common across industries and countries. Firms then face a natural
death rate each period, 6.2 Given the quality function, the operating profits can be

further expressed as:

m l—o—am l-m—o
m

1 A 1.
Ty = (1 =m)mi-ma; ™™ Bj ™" (WS’W;( ﬁ]) T-m  — FDWS’W;( fi (3.20)

7

It can be said that profits decrease with a; (i.e. more productive firms will obtain

: N 3
higher profits) since ~==2% < 0.

2The assumption that the probability of death is exogenous which is not related to firm char-
acteristics follows Melitz (2003) and Bernard, Redding, and Schott (2007)
31t can be derived from e+ 0 —1>0and 0 <m < 1.
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The existence of potential future positive profits motivates firms to invest in the

fixed cost, FgWy’ W}(_ﬁj , to enter the industry. Entrants will enter the industry until

the expected value of entry (EV (%)) equals the entry fixed costs FgWy’ W}{'B 7. The

free entry condition can be defined as:

EV(%) = FeWlwy (3.21)

which can further be expressed as:

aut

“bs m_ d=zmem o IR A Rna 1By ]
[(1—m)mi-ma, B 7" (W Wy ) T=m — FpW Wy 7g(a)da
0

¢ J

(3.22)
— SFpWEW

To obtain a closed solution for the production unit-input threshold, I further as-
sume that the random variable a; follows a Pareto distribution with density function
g(a) = ka* ! and cumulative distribution function G(a) = a* where k is the shape

parameter.* Thus, the threshold can be found and expressed as:

k:(SFEl—a—am+k(1—m)
Fp am+o—1

() (3.23)

The minimum value that the shape parameter of the density function, k, can
take is %Z;l to obtain a positive value of the production unit-input threshold.
Otherwise, there would not be any firm producing goods in industry j. Furthermore,
the expression of a“ﬁ’f reveals that in autarky, the production threshold does not

depend on industry variables, provided that the parameters are the same across

industries.

4Following this assumption, commonly used in the literature, I can obtain closed solutions for
key variables.
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3.4 The Costless Trade Model

This section maintains the assumption that international trade is costless, which
means that all firms that produce can export now at no extra costs. To simplify

notation, the country superscript will be omitted except where important.

3.4.1 Demand and Production

Profit maximisation implies that a firm will follow the same price in both markets
since there are no trade costs and the elasticity of demand in both the domestic
and export markets is the same.> The price charged in both markets are the same,

which can be expressed as:

o . , _8,
Dij = Dijd = Dije = :az‘%j(Wé{)ﬁ”(Wg)l & (3.24)

Firms sell products and gain profits in the two markets, while they only pay for
the quality improvement once. Thus, the profit function can be expressed as:
_ Pt 5

DijZ;,; . 8.
my = P 4 P () — Ep(WHP (W) (325)

which can be simplified as:

mip = a; g (B + By)[(Wsh) (W) =777 — afqy (W) (Wil)' =%

(3.26)
—Fp (Wi (Wi

(ﬁ)l_a

—(pH\1—0
o(Pi)

)l—o'

EH and BF = ‘=0 " pr.

H _ A DA
where B’ = oy L)

5In the following analysis, I write out expressions for Home only; those for Foreign are analogous.
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3.4.2 Investment in Quality

Given the profit function, firms tend to choose the optimal level of quality, ¢;;, to

maximise profits. Its first condition is given by,

om; o M . P .
3%]. =ma; 7qi; (WP (W) %) (B + B]) —ai = 0 (3.27)
Simplify it and the quality function can be expressed as:
BI' + Bf
l ) | (3.28)

= = s ey

Z

It can be seen that quality increases with (Bf' + BJ') (i.e. a higher demand from
both markets is related to a higher quality for goods) from the quality function.

Again, I want to find another expression of quality where replace Bf and Bf by
athJ, which will give a better idea of how quality changes from autarky to costless
trade. However, the above quality function will be still used for the following model
set-up.

First, I find the zero-profit condition where ﬂij(athj) = Fp(WH)s(WH)1=#

which can be further expressed as:

(ap)' a5 (ap) (WP (W21 (B + Bf) = (ap;)*ais(ap;) = Fp  (3.29)

Combining the first-order condition, Equation (3.27) and the zero-profit condi-

tion, Equation (3.29) contributes to the quality function of the marginal firm:

mFD
Qz] (athj) 1

— (ah;) ™ (3.30)

Then taking the ratio from Equation (3.27) between a; and athj and substituting
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the equation of qij(agj) leads to the final expression of the quality as:

F ato—l am+o—
N (i (3.31)

Qijzl—m

3.4.3 Firm Entry

Profits earned by firms can be expressed after substituting g¢;;:

m(B? + BF m
aw-l«évsfi >; (V;;; e (B BV (Vi) )

m(BI' + Bf')
L wam )

)

J=m (W) (W) =% — Fp(Wg')» (Wil)' =%

(3.32)

which can be further simplified as:

l—oc—am

m = . B\ lzm=c 1
iy = (1 —m)mi=ma, ((Wsh)» (W) =) = (B! + B )=

— Fp(WghPs (W) =% (3.33)

where profits decrease with a;.

Firms enter industries until the expected profits are equal to the fixed entry cost.
EV (%) = Fp(Wi)% (W)=
which can be further expressed as:

ft
l—oc—am

10 = myma T gy )

—o

= (Bf! + B )= — Fplg(a)da

1

= 0Fp (3.34)
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Substituting the density function g(a) the zero-profit condition can lead to the

final result of the production unit-input threshold in the costless trade as:

(ft)k_(SFEl—a—am—i-k(l—m)
Dj) =

3.35
Fp am+o—1 ( )

From this result, we can see that firms that used to produce in autarky can still
produce and export now, and firms that failed to produce in autarky are still forced
to exit. Furthermore, all active firms keep producing the products with the same
quality as in autarky.

With no transportation costs or trade barriers, all firms, irrespective of their unit-
input requirement, experience increased demand in export markets due to trade
openness and reduced demand in domestic markets due to import competition.
Indeed, this change does not affect either the zero-profit condition or the free-entry
condition (the average industry variables). Therefore, the production threshold
is proved unchanged from autarky to costless trade, which leads to firms’ quality
choice will stay the same as before (which can be seen from the second expression

of quality).

3.5 The Costly Trade Model

The assumption that trade is costless provides a good benchmark to understand
better the forces at work in our model. However, it is unrealistic. Recent empirical
evidence reveals the importance of fixed costs of exporting, such as costs of building
up distribution channels, investment of getting knowledge about foreign markets,
and developing appropriate marketing strategies (Roberts & Tybout, 1997; Bernard

& Jensen, 2004).

This section analyses the more realistic case where firms that export need to bear
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a fixed cost, FxWg’ W;{B 7 (where Fx > Fp), and a variable cost of the “iceberg”
type as in Bernard, Redding, and Schott (2007). This variable cost means that firms
need to ship a fraction 7 (7 > 1) units of a good in order for one unit to arrive.
These fixed and variable costs mean that some firms may not export, conditional

on their production ability.

It shows us a clear picture of how these trade costs interact with comparative
advantage to determine production, exporting and quality choice. In addition, fac-
tor intensity and factor endowment determining reallocations of resources between
industries and within-industry also play an essential role in shaping a firm’s product

quality.

3.5.1 Demand and Production

Profit maximisation implies that the domestic equilibrium price is a constant mark-
up over marginal cost. However, due to the variable costs of exporting, the export

price is a constant multiple of the domestic price:
Pijd = Dij (3.36)

DPijz = TPijd = TPij (3-37)

As there is a fixed cost for exporting, not all firms can make enough profits
to cover the fixed costs of exporting. As a result, more productive firms that can
cover extra exporting costs sell goods in domestic and foreign markets, while less
productive firms only serve the domestic market. The least productive firms are
unable to make positive profits and exit industries. Given firms’ pricing rules, the

profits of firms can be expressed as:
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H F
Pijad®;; Dijady;

— c(zi3) = Fp(WE s (Wi — XFx (WP (Wi

T4
J o o

(3.38)

which can be further simplified as:

M = a; ¢ (B + M o BEY (WP (W) 017 — afqy (WS (Wi =5

— Fp(Wg')» (W)= — AFx (Wg')» (W)= (3.39)

(G 7 (77)'°
where B]H = U(P}[)l_aEfI and BJF = a(P;”)l—ffEf‘
F H
Then I assume that B = A;B[' where A; = g—;(%)l”. The profit function
J J

can be further expressed as:

mip = a; 7 Bi (1+ AT T AT (W) > (W) ™)'= — af gy (W)™ (W) =P

— Fp(Wg") (Wil )' =% — XFx (W5h)» (W)= (3.40)

where A takes the value of 1, firms exports and 0 otherwise.

3.5.2 Investment in Quality

Given the profit function, firms can choose the optimal level of quality ¢;; to max-

imise profits. Its first condition is given by,

om;: o m— , P . .
aq,J, =ma; gy (W) (WD) 7B (1 4+ A0r7) —af =0 (3.41)
ij

)
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Similarly, the quality function can be expressed as:

o=y = [ LE AN oy (3.42)
iy qW - anrofl((Wé{)Bj (Wllg)l—ﬂj)a .

)

This quality function shows that quality increases with B]H which means that
firms will provide higher-quality goods inspired by a higher demand regardless of

being exporters or non-exporters.

Besides, Equation (3.42) reveals that firms will change their quality choice once
they decide to export. More precisely, within the same industry, firms that are capa-
ble of exporting will be exporters and invest in higher quality rather than serve the
only domestic market with lower-quality goods as Af 7179 > (0. The improvement
in product quality is because the increase in market size from serving the foreign

market makes investing in higher quality more profitable.

Again, I want to find another expression of quality where BJH and AJH are replaced
with ap; (the production unit-input threshold) and ax; (the exporting unit-input
threshold). Thus, there will be two profit functions, m;;4, profits of firms servicing
only the domestic market; m;;,, profits of exporters and also two quality functions,
gijd, quality of firms servicing only domestic market; ¢;;,, quality of exporters. This
expression will give a better idea of how quality changes from autarky to costly
trade. However, the above quality function will be still used for the following model

set-up.

First, I find the zero-profit condition where 7/l (ap;) = Fp(W4 )% (W) =0,

ap;”ai5a(apy) (WE)» (Wi)'™P) =B — af;qia = Fp (3.43)

Combining Equation (3.41) and (3.43) contributes to the quality function of the
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marginal firm as:

mFD

Gija(ap;) = 1— maf)? (3.44)

Then taking the ratio from Equation (3.41) between a; and ap; and substituting
Equation (3.44) leads to the quality function of the firms that serve the domestic

market only, which can be expressed as:

mEp oto_l amto—1
Gija = 7 -a;" (ap;) 17 (3.45)

The exporting unit-input threshold is low relative to the production unit-input
threshold when %[(1 + Afﬂf")ﬁ — 1] < 1. In this case, there is an exporting
selection effect (i.e. only the most productive firms export). Since empirical evidence
commonly states selection into export markets, we obtain the results in the rest of

the chapter based on the assumption that ?—g[(l + AjHTl_")ﬁ —1] <18

In costly trade, firms will export until the alternative profits of being just a
domestic firm overcome the profits of being a global firm. Thus, the condition where
some firms find no difference in profits between paying the fixed costs of exporting

or remaining a purely domestic firm can be expressed as:
Tija(ax;) = mije(ax;) (3.46)

where

mialax;) = ax g (ax;) Bl (We (W) h)t=

— a%;igalax;) (W) (W) =0 — Fp(WEh% (Wi =% (3.47)

6Many papers such as Roberts and Tybout (1997) and Bernard and Jensen (2004) document
the empirical evidence on selection into export markets.
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and

Tia(ax;) = ax; qi,(ax;) BY (1 + ' =7 AT ((Wgh)» (W) =) 1=e
— A% ax;) (WS )P (W)™ — Fp(Wgh)» (W)=

— Ex (W) (W)™ (3.48)
The Equation (3.41) and (3.43) are used to simplify this condition as:

1—m o 1—m o
TQijd(a'Xj)an = TQijx(an)an - Fx (3.49)

Then substituting ¢;;a(ax;) can lead to the quality function for marginal ex-

porters,

mFx _, Fp axj, emte-1
axim (=) =T +1] (3.50)

Gija(ax;) = Ty ap,
J

1—m

Here, from the zero-profit condition, Equation (3.41), the relation of unit-input

thresholds can be derived,

. F 1 1—m
axj _ {F_D[<1 + Allplm) = )} e (3.51)

apj X

Then taking the ratio from Equation (3.41) between a; and ax; and substituting
Equation (3.50) and the relation between two thresholds, Equation (3.51) leads to

the quality function of the exporters, which can be expressed as:

mF ato—1 am+o—1 1 _
Gijo = 7 _;ai " (ax;) T {[(1 + A= — 17 1) (3.52)
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3.5.3 Firm Entry

Profits earned by firms can be expressed after substituting g;;:

1o mB]H(l + )\Ale_”)

(W (W)
N mB]H(l + )\AJHTl*")
(W W)

(2

Tij = a ST B (HAAT T o) (WP (W) P)e

ST (W) (W)=

— Fp(Wg) (Wil )' =% — XPx (Wih» (W)= (3.53)

The profit function can be expressed after simplifying:

l—oc—am m—o
My = (1 —m)ymTma, " (WHP(WE0) T2 (B (14 A=) =

— Fp(Wg)» (Wil )= — XPx (Wi (W)= (3.54)

where profits decrease with a;.

In an equilibrium with positive production of both goods, firms enter industries

until the expected profits equal the fixed entry cost.

E(5) = Fp(W') (W)= (3.55)

which can be further expressed as:

l—c—am
m

/OanKl—m)mlmai“” (W) (W) =)

= (B w14+ A=) = — Fp

— Fx|g(a)da + /aDj[(l — m)ml—La,l_lg—_r:m‘ ((Wé‘f)ﬂg (Wg)l—ﬁj)l:i’n (B]H)ﬁ

7
an

— Fplg(a)da = §Fg (3.56)

After substituting the density function g(a) and the relation between two thresh-
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olds and simplifying, it can be expressed as:

k(1 —m)

OFp =
Fr o —am+k(1—m)

k(1 —m) k k
F - — F , .
+1—a—am—|—/€(1—m) pap; = Fpdp; (3.57)

Finally, the relation of two thresholds is used to derive the final results.

k':(SFEl—U—Oém—i-k(l—m)
bi— am+o—1

Fp, xa-m) k(1—m)

() (A Ay o) e}

(3.58)

0Fgl—0—am+ k(1 —m) Fx | ra-—m) _ oy L k(m—1) - _
k 1 H_1-0 1
.= 1+ — ) o—14am 1+A T 17m—1 o—14+am
a’Xj F m o 1 { ( F ) [( J ) ] }

(3.59)

3.5.4 Aggregation

Changes in the product quality of endogenous firms may also lead to different aggre-
gate or average quality levels across industries, and the differences in product quality
across industries when trade is open have already been found. Following the model,
I first derive the aggregate quality of non-exporters, E and that of exporters, g,

respectively as:

— 1 “D;

H _ H (q d 3.60

b1 Glalf) = Gaf) / tal)ge)da (350
I 1 agj
H_ __— A (a4 1
0=y |, st (3.1

Based on these two average qualities, I can further obtain the overall average
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quality of one industry as:

qj _ G(@gj) - G(@)Igj)qj n G(a)lgj)q? (3.62)
’ G(‘Igj) e G(“%j) m

As the final result, the aggregate quality of one industry can be expressed as:

1 mkFD
ap;” 1—a—o+k(1—m)

FX ato—1+k(m—1) (a—k)(1—=m)

F_D)WMJ am+o—1 ] (3.63>

[1+(

3.6 Propositions

Based on the above model, several analytical results can be derived concerning how
the world changes when international trade occurs. More precisely, this section illus-
trates how exposure to trade affects firms’ decisions for production, exporting and
quality choice and how the comparative advantage contributes to those decisions.
The framework of this chapter obtains all the propositions (1-6) derived in Chapter
2 and provides a new proposition (7) about the average or aggregate quality of the

industry.

Proposition 1. a%f > agj (i.e. The production unit-input threshold is lower

in costly trade than in autarky.)
Proof: See Appendix

Consistent with Melitz (2003), when trade is costly, only a subset of firms find
it profitable to export. Trade brings a differential effect on profits for exporters
and non-exporters through two impacts, the expansion of markets and competition.
Moving from autarky to costly trade, access to a larger market (the sum of two
markets) makes the profits of more productive firms (exporters) rise, increasing the

expected value of entering industries. A higher expected entry value causes more
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entrants and increases the demand for production factors. The increasing demand
pushes up the prices of factors and thus increases a firm’s production costs. There-
fore, the production unit-input threshold below firms exit the industry becomes
higher. Therefore, firms with a; lying between a‘Bth and agj are not able to receive
enough revenue to cover fixed production costs and exit industries.

From the view of the factor market, the exposure to trade brings a larger market
to exporters, which increases factor demand. This increase bids up factor prices,
leading to higher production costs and thus lower profits for firms. As a result, the
least productive firms can not survive in costly trade, and we can observe a lower
production unit-input threshold than in autarky.

Intuitively, international trade brings a selection process of active firms through
increasing competition, which further induces a reallocation of market and resources

from less productive firms towards more productive firms within one industry.

Proposition 2.  ¢/j(a;) < ¢;;(a;) and ¢, (a;) > gij(a;) (i.e. Non-exporters
lower their quality while exporters improve their quality from autarky to costly

trade.)
Proof: See Appendix

In our model, quality choice is an endogenous variable for firms. They maximise
profits by choosing the optimal product quality. Thus, they compare the marginal
cost and the marginal benefit of upgrading quality and decide on their quality choice.

In terms of non-exporters who have no chance of benefiting from the expansion
of markets, they face more competitors in both industries, leading to lower demand
for their products and a lower marginal benefit of upgrading quality. Meanwhile,
they also find an increase in the price of production factors contributing to a higher
marginal cost of upgrading quality. As a result, the enlarging difference between the

marginal cost and the marginal benefit makes them decide to lower the quality to
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survive.

Exporters face more competitors but simultaneously enjoy the expansion of mar-
kets. The access to a larger market makes it profitable to produce goods with a
higher quality (a higher marginal cost but a much higher marginal benefit of up-
grading quality). Finally, they raise their quality choice to earn more profits in

international trade.

Proposition 3. A > AIl (i.e. The profitability of serving the exporting
market compared to the domestic market is greater in a country’s comparative

advantage industries.)
Proof: See Appendix

Consistent with Bernard, Redding, and Schott (2007), the comparative advan-
tage can bring firms active in a comparative advantage industry higher profitability
in serving the exporting market than the domestic market. In addition, the compar-
ative advantage makes firms that serve in comparative advantage industries produce
goods at a lower relative cost than foreign competitors, which gives them a better

opportunity to make larger profits in international trade.

Proposition 4. af, < af, and o}, > afl, (i.e. The production unit-input
threshold is lower, and the exporting unit-input threshold is higher in the compar-

ative advantage industries.)
Proof: See Appendix

This proposition is consistent with the findings of Bernard, Redding, and Schott
(2007). As exporting is more profitable in comparative advantage industries, the
expected entry profit must be higher, which appeals to more new entrants. Then
a more competitive market eliminates firms with relatively low productivity, and

a lower production unit-input threshold can be found in comparative advantage
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industries.

Meanwhile, firms within one country’s comparative advantage industries can
produce goods at relatively lower costs than foreign competitors. As a result, more
firms find it profitable to export in these industries, and a higher exporting unit-
input threshold can be found in comparative advantage industries.

The factor market is another way to gain an intuition for the greater exit of
low-productivity firms in comparative advantage industries. The exposure to trade
leads to a greater increase in factor demand for exporters in comparative advantage
industries. This increasing demand for factors will bid up the prices. However, it
results in a rise in the relative price of the abundant factor (human capital for Home
and physical capital for Foreign in our model). This increase in the relative price
causes higher costs for production and fewer profits for non-exporters in comparative
advantage industries. As a result, it decreases the production unit-input threshold
by more in comparative advantage industries. This differential across industries does
not occur in costless trade because all active firms can benefit from access to export

markets.

Proposition 5. ¢/, (a;) < ¢%,(a;) (i.e. Non-exporters will lower their quality

by more in the comparative advantage industries.)
Proof: See Appendix

The quality choice made by firms differs across industries. In terms of non-
exporters that suffer from competition impact, they have to decrease quality. The
comparative advantage gives a higher expected entry profit to potential entrants
inducing more entrants and more competition. Non-exporters in comparative in-
dustries face a more significant increase in production costs and a lower marginal
benefit of upgrading quality). Hence, they have to lower quality more to survive

than non-exporters in other industries conditional on productivity.
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Proposition 6. ¢, (a;) > ¢Z,(a;) (i.e. Exporters will improve their quality

by more in the comparative advantage industries.)
Proof: See Appendix

Exporters suffer from increasing costs of production and exporting, while access
to the export market benefits them. Following the above proposition, we know the
impact of the expansion of markets overweighs the competition impact. The com-
parative advantage makes the differential between the two impacts even greater.
As a result, exporters in the comparative advantage industries find the differential
between the increased marginal benefit and the increased marginal cost of improv-
ing quality greater than exporters in other industries conditional on productivity.
Therefore, exporters in the comparative advantage industries choose relatively high
quality to maximise profits.

Proposition 7. f > q?dj

(i.e. The average or aggregate quality of an
industry is improved when trade happens.); E > E (i.e. The aggregate quality of
a comparative advantage industry is higher than that of a comparative disadvantage

industry.)
Proof: See Appendix

The aggregate quality will be improved when a country opens to trade, for the
most productive firms acting as exporters raise their product quality, and the least
productive firms are forced to exit markets. Though the firms servicing only the
domestic markets produce goods of a lower quality now, which will negatively affect
the aggregate quality, the positive effect caused by exporting firms and exiting firms
outweighs the negative effect.

Generally, when a country opens to trade, it makes the average quality of in-
dustries higher for all industries. However, the average quality of a comparative ad-

vantage industry is higher as firms within this industry in this country can produce
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and sell products at relatively low costs compared to their international competi-
tors. More specifically, within a comparative advantage industry, more firms with
the least productivity will exit, and more productive firms will choose to improve
product quality and export, increasing the aggregate quality more than those in a
comparative disadvantage industry conditional on productivity. Furthermore, this
will outweigh the effect of lowered quality of non-exporters contributing to a higher

aggregate quality of a comparative advantage industry.

3.7 Conclusion

Despite the extensive studies on firms’ product quality, how it differs across indus-
tries has received less attention in the literature. This chapter attempts to fill the
gap in patterns of firms’ product quality and comparative advantage of industries
in international trade. I have examined how firms choose product quality based on
their productivity and industries.

This chapter extends the framework in Chapter 2 by allowing firms to produce
and use different intermediate inputs for their final products, which contributes to
the fact that more productive firms use more expensive (which could be interpreted
as a proxy for higher-quality) intermediate inputs to produce higher-quality final
goods and charge higher prices. This chapter obtains all the propositions in Chap-
ter 2 and a new proposition. I first reveal that firms respond differently to the choice
of product quality to trade openness based on their productivity. Exporters (more
productive firms) find quality upgrading more profitable as they have access to big-
ger markets, while non-exporters (less productive firms) lower their product quality
to survive more intense competition. Linked these responses to the comparative ad-
vantage, I further find that exporters (non-exporters) improve (lower) their product

quality more in the comparative advantage industries than those in other industries
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conditional on productivity. This differential is because the comparative advantage
provides exporters in the comparative advantage industries with a relatively bigger
market, inspiring them to improve product quality. In contrast, more entrants in
comparative advantage industries make non-exporters bear an increase in produc-
tion costs and lower product quality. Furthermore, a higher aggregate quality of
a comparative advantage industry can be found because the improved quality of
exporters outweighs the effect of lowered quality of non-exporters.

Given these novel propositions from the model, it would be interesting to pro-
vide some empirical evidence in the next chapter, which will make this thesis more
complete and convincing. Interesting areas for further research include extensions of

the theory to incorporate firms’ ability to produce multiple goods within industries.
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3.8 Appendix

3.8.1 Proof of Propositions

Proof for Proposition 1

Get the ratio of af and agj and substitute the closed solutions for them.

0Fp 1—o—am+k(1—m)

aut
o—14+am

[aDj ]k _ p

H k(1—m) 1 k(1—m)

a Fp 1—0— k(1— F ——TTam 1 —o\1=m —
Dj FDE Ua?;:j:;—(l m){1+( F§)0—1+am [(1+A§{TI a)l—m_1]0—1+am} !

Simplify it.

(I—m) (I1—m)
k711+am_1|:(1 —I— A‘?Tlig)ﬁ J— 1] crk711+ozm

[ﬂ]k — 1+ (E2)7
agj - FX

FD M,l H 1-0 % k£17m> o . .
where (72)7=1rem ™ [(1 + A7 7177)T=m — 1]o-Trem and k are positive, so it can be

said that af > af,.

Proof for Proposition 2

For all comparisons of qualities, I will use the second expression of quality. Get the

ratio of qualities of a non-exporter first in costly trade and autarky.

ato—1 am+o—1
B mFDa. m—1 (aD) T—m
qzd] _ 1—-m i ]
. ato—1 _
qij mFp m—1 (a%u_t)ia”firgn 1
J

1-m @

Simplify it.

Qidj __ (aDj )7‘”’1@;’;1
. aut
qij apj

Here, I already know that am + 0 —1 > 0, 1 —m > 0 and ap; < a“D“jt. So

% < 1, it can be said that firms servicing only the domestic market will choose to
ij

lower their quality from autarky to costly trade.

Then I get the ratio of qualities of an exporter in costly trade and autarky.

ato—1 am+o—1 1
F “m—1 _ _
Gizj _ T7£ a; ™ (ax;) I—m {l1+A;rt=o)T=m —1]~ 141}
qij mFp ato—1 am+to—1

m—1 t —
1—-m i (a%uj) I=m
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Simplify it.

am

S {14 [(1+ Ayrie) e — 171

M:Fx(a;g;t)
Dj

Qij Fp

Substitute the closed solutions for ax; and a$, and assume that
(14 A;ri=0)mm — 1L = M.

Simplify it.

l—oc—am+k(1—m) k(m—1) Fp

fing — (Do) A (14 (B ) e o] W (14 M)

qij

Extract the common factor % in the bracket.

l—oc—am+k(1—m) k(m—1) l—oc—am

fies — (B SR R B o (Bean) By R (14 )

qij X

I can propose Equation (B.1) which is smaller than the above equation, as I

know —1 < l—oc—am < 0 and [F_X + (F_XM)]lk—(ZL:alr)n > Ex + (F_XM) 111(Zf<ffn However
k(l—m) FD FD FD FD : )

to prove the latter one, I have to explore the monotonicity of the function y(z) =
(1;—’; +x)*— (% +2#). The first order condition of it is ln(% +x)(1;—); +z)* —Inz(x?)
which is always positive given 5—; > 1, z > 1 and z > 1 inducing that this fiction
is monotonically increasing for z in the valid interval. Then I can find y(z) is

k(m—1)

always bigger than 0 as y(1) = 0. So I can obtain that [F—X + (FX M)|i=o—em >

= +(FXM)1 o—am glventhat FX > 1, FXM>1 and k(m 1) o1
D

Fx —1 o—amtk(-m) F'p Fy Fx k(m—
k(1—m) 1—0c—am k:(l 'm) 1 Bl
=) Pl + (E M)y T (0 (B)

(

Simplify it.

l—oc—am+k(1—m) l—oc—am

(Bo) = (L) W [+ (M) 1+ M)

Fp

l—oc—am+k(l1—m)

(g_ﬁ) k(1—m) (?)I;) (1 ”") FD(1+M) (1+M)

l—oc—am+k(1—m) l—oc—am+k(1—m)
(F_X) E(1—m) (F_D) R(I—m) M _ q
Fp Fx 1+M
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As Equation (B.1) is smaller than the original equation, it can be said the original
equation is greater than 1 and then I can obtain that g¢;;; > ¢;;, inducing that

exporters improve the quality from autarky to costly trade.

Proof for Proposition 3

As mentioned before, A = —]( PJF )17, Assume that both countries share the same

ratio of expenditure spent in one industry to the total expenditure. Hence, I can

obtain the ratio of A¥ and AZ.

A_{{ — (P_lH)l—U(P_;)l—aMRF (1 _/L)RH
A Rt PP pRM (1 - p)RF

PlH -0 PQF
A

)l—a

Through this equation, the value of the ratio depends on relative industry price
levels in two countries. In costly trade, the relative industry price level in Home can

be expressed as:

af ) "Qﬂ(am)”

)) Q2m(axz)7

<—P1H)1_" _ NE i (@B ) 7 afi(ap )Y+ N (pff (e ))' 7 aff (e )T+ N (7 (a
v X1
P2 Ngg(Pfl(agg))lfaqu{l(agl)7+]v§2(Pﬁl(agg))lf"ng( § )’Y+N Q(TPQ(

><”J ><“11

This equation shows that the price level is determined by three types of firms
(domestic firms, domestic exporters and foreign exporters) within one industry.

First, I have to notice one extreme situation when 7 — oo and Fx — oo, foreign
exporters have to sell their goods at a very high price in the domestic market that
no consumer can afford it. As a result, there will not be any exporters. The whole
economy goes back to the autarky situation. Thus, the relative industry price index
converges its autarky value.

o l1—0o
Combining B; = %E and the zero- proﬁt condition in autarky
.7

(1 =m)m

l—o—am

au 1 m J 1- J
(an) tom B (W' Wi B)

- FDWSJWII( bi — 0) contributes
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H H
to the relative industry price index which can be expressed as (%) 1m0 = o [(g—%)ﬂl_ﬁ?] -
since the production cut-off is indifferent across industries. Hence, the value of the

ratio of A and A¥ can be found as:

A_{{ — _,LL [(W_gl)ﬁlfﬁz]*dl — ’U’[(W_SE)&*@]J
A 1 WY poo Wi
Wi /Wi

= [( Wér/W[}; ),81—ﬁ2]—0

where the production of industry 1 uses skilled labour more intensively inducing
that 81 > (5. As skilled labour is relatively abundant in Home, % < % and then
A > ALL

Another extreme situation that I have to mention is when 7 — 1, and Fx — 0.
All active firms can export (the whole economy comes back to the costless trade
situation). In this case, the number of active firms within one industry is the same
across countries (the sum of all active firms in two countries). Hence, the relative
price is equalised across countries, inducing A = AX.

For intermediate fixed and variable costs where costly trade occurs, the value

of the ratio should lie between these two values, the autarky and the costless trade

value (i.e. AT > AH).

Proof for Proposition 4

First, get the ratio of af}, and af, from the expression of af;.

k(1—m) 1 k(1—m)
6Fp 1—o— k(1— F -1 _ _
o) [Ep el amtoet (R ) TR (Al ) T e T )y
oy T lsp, 1o k(1— Py RA-m) 1 k-m)
D2 FDE oazjnvli_(l m){l_i_(F)L;)ﬁia_ Fam [(1+A£I7-170)1—m_1]0—1+am}71
Simplify it.
k(1—m) 1 k(1—m)
oH 1+(§7D)0—71+am*1[(1+A517170)71_m _1}0—1+aLm 1
DI _ 1
JH = [ o ROm) 1 ) ¢
D2 1+(£)071+am [(1+A11r{7-1—0)17m _1}071+am
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As % > 1 and A¥ > A¥ this ratio is smaller than 1. Therefore, I can

prove that a, < afl,.
Get the ratio of a¥, and a¥, from the expression of a¥ ;.

k(1—m) k(m—1)
0Fp 1—0— k(1— Fx\=—TTam P
afl, [Tf#‘l’"’{m—xw—wm (Al o) P o Tram 1

=

H ) 1 k(m—1)
“x2  fE %ﬁ’“im’{m%ifr TFam ! [(14+Af 71-0) T=m —1]7=TFam } 1

Simplify it.

k(1—m) 1 k(m—1)
aff, G TR T (A o) T o Trein
5 = k
ax

2 Fx 7“1 ™) H_1-0\T=m 7’9(7; 1
]__A'_(%)af +am [(1+A T ) m ]_]a Ffam

As % —1 and A > A this ratio is greater than 1. Therefore, I can

prove that a¥, > afl,.

Proof for Proposition 5

Get the ratio of ¢/, (a;) and ¢1,(a;) from the expression of g;4;.

ato—1 am+o—1

qf (a:)) _ T (ap) 7™

Tjan (ai) mEp SRIT g amdo=tl
a (aDQ)

1-m @

As emte=l > () and af}; < af},, this ratio is smaller than 1. Therefore, ¢/, (a;) <

q£2(ai)-

Proof for Proposition 6

Get the ratio of qualities of exporters with same productivity in two industries.

ato—1 amto—1

Fx ~m—1 + 1
q%l — T 'r}rfaz - 1( gl)jT 1+[(1+AH 17‘7) —1 1] 1
i arTio amto—l 1 ~
Diz2 T,F,,),i a; m—1 (axg) —m +[(1+AHT1 U)‘lim 1] 1

Then simplify it.
H H amto—1 Hol—oy = 1
qi}? — (agl )ﬁ 1+[(1+A T ) 71 —1]
2 Axo 1+[(1+A§71—0)m—1]—1

Substitute the closed solutions for a¥, and a£,.
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1 Fx akrsblia’rrﬁl -1 1+AH 10 171m_1 akTEL’,iglf)l —1 e —
1 +(F7,) [(A+A7777) J SreTt (A o) Tom 1)
qH2 [ P k(1—m) 1 1 k(m—1) H,_ 1-0 1_1 —1
T 1+(%)am+071 [(1+A§I7—1—0’) lfm_]_] amFo—1 1+[(1+A2 T ) m —1}

Here, for simplicity, I denote that [(1 + A{{Tl"’)ﬁ — 17" = M; and [(1 +
Allr1=0)i=m _ 1]71 = My, and I can obtain that M; < M, from A# > A¥ and

0 < m < 1. So this can be expressed as:

k(1—m)
Fx amto—1 LD _
qigcl _ 1+(FD Ml)ak’r:ll o : Fy ]akr(rL;(_rl)l 14+M;
—m
Q2 1+(%M2)WI % 1+M2

Extract the common factor % from the numerator and denominator in the

bracket.
k(1—m)
Fx  (Fx amTo—T _
qgl _ FD +(FD Ml)()::rkcf : akr(ngzl)l 1+M1
1 -m 1+ M.
9z Fx , Fx L 2
o M)

Now I am able to propose Equation (B.2) is smaller than the original equation.

k(1—m)

(?‘_)D( + %Ml)am+071 OZZHrfI)l 1+ M1 (B 2)
(F—X + L )akvsllfﬂl 1+ M, '
Fp Fp 2
Here, I add an additional prove of proposing Equation (B.2) which is smaller than
(55 4 EX 0yt
the original equation. Given —1 < 22+t¢=L < ( Thave to prove that —2—2 s >
k(m—1) Py  Fx G=—m)
(%+%M2)am+a—l
§7X+(§7XM1)% . ..
S— sy - In order to do that, I am exploring the monotonicity of the func-
%+(%M2)m
FX g
tion y = (?g v Since M, > M, I just have to derive that the function is
Fy T

monotonically increasing for x in the valid interval.

The first order condition of the function subject to x can be expressed as:

zxz’l(%—&-x)z—z(%—i—x)zfl(%-i—Xz)

Ix 2z
(X 1a)

&.l&
<

Simplify it.

I&

_ z F z—1
&= T @ 1)
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Since ?—);Ml > 1, %MQ > 1 (which means that x > 1) and % > 1 (which
means that z > 1), the first order condition can be positive all the time. Fur-
thermore, I can say that the function is monotonically increasing for x in the valid
interval. Equation (A.2) is smaller than the original equation.

Then I simplify Equation (A.2).

1+Mo 1+ My — 1
1+Mq 1+Mo

Since Equation (A.2) equalling 1 is smaller than the original equation, I am able

to obtain qgl(ai) > qgQ(ai)‘

Proof for Proposition 7

First, I can derive the aggregate quality of industries when it is in autarky, which is

given by,

aut

QW
¢ = G(a;‘}j‘;t) Jo 77 qijg(a)da

ato—1 am+to—1

Then substitute the autarky quality function g;; = 2224, ™" (apf) 1=, Gla) =

a® and g(a) = ka*! into the above the equation and simplify it as:

1 ml{:FD

aut o
9 (a“D“f) l—a—o+k(1—m)

(B.3)

In costly trade, first of all, I can derive the aggregate quality of non-exporters,
which is given by,
Td = Gapyaan) Jax, Gialai)gla)da

ato—1
1 apj mFp m—1 . onrlzi—a—l k
G(ap;)—Glax;) faxj 1—m % (ap;j) = ka;

= L mFDk . 1-m m—_l
= Glap,)—Glax;) 1-m (ap;) ato_1tk(m—1)

+o—1 +o—1
[(ap;) =T+ — (ax;) =1 ]

“Lda

am+o—1

- 1 mFpk (o VS mel
- G(aDj)—G(an) 1-m (aD]) a+o—1+k(m—1)

+o—1 o ato—1
(apg) T L = ()
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As I have obtained in our model, the relationship between two thresholds can
be expressed as, % = (%Mj)aﬁﬁfal where M; = [(1+ Ale_“)ﬁ —1]71 T can

further simplify the aggregate quality of non-exporters as:

T 1 mkFp Fx ato—ltk(m—1). 4
4= — (M)~ emto- * (B4
e G(ap;) —Glaxj) 1 —a—o+ k(1 —m)[ Fp ) e Japt (BA)

Then aggregate quality of exporters can be given by,

Qjz = G(a;xj) oan Gijz(ai)g(a)da

axi m %’__1 am+o—1 . _1 7 _
= iy o e, (axg) T {[(14 Ay o) — 1)+ 1kl
m ato ik am+o—1 R i _ m—
- G(alX]‘) ifnkan b (axg) Al AJ'Tl =1 1}a+071+k1(m71)

I can further simplify the quality equation of exporters as,

1 mkFX
Glaxj)l —a—o+ k(1 —m)

(1+ M;)as” (B.5)

C]j_'x:

Finally, I calculate the average quality of one industry within one country using
average quality of non-exporters and exporters (Equation (B.4) and (B.5)) with their

weight respectively.

= O et ety (L — (M) ™ot Tak
+ gﬁiﬁj? G(alxj) 1_a_72i%((1_m) (14 Mj)ai
= G b (L - (M) ™5 e
+ G(ale) l—a—TZl—ci-IZ:)((I—m) (1+ Mj)a];(_ja
[ substitute G(a) = a* and % = (11?—)’;7\/[])#701*1 into the above equation to

simplify it.
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— _ 1 mkFp [y _ (Ex g2t kg
4% = afy; 1—a—o+k(1-m) [1 <FD MJ) am ]aD]

+ b et (L M) (M) 75 ap, [

Combine ap,.

G L mkFp  p _ (Ex pp =t
4 = ap; l—a—o+k(1l—m) [1 <FD MJ> amto—t ]
(k—a)(m—1)

_|_ _%(1 + M])(%MJ) am-+o—1

af; 1—o o+k(1—m)

Extract the common factor.

ato—1+k(m—1)
— _ 1 mk T amto—1
q] — a%;—l—a—a—l—k(l—m) [F FD( M ) am-+ 1

(k=a)(m=1)

+ Fx(1+ Mj)(%Mj)m]

Extract the common factor for the latter two items in the brace.

o 1 ato—14+k(m—1)

T = o oot LD — (FEM;)— amto— [Fp — Fx (14 M;)(FM;) ']}

Simplify it.

_ m ato—ltk(m=1) 14+M;
G = & Tameiiamm Fp — (M) emsei (Fp — Fpyr2)]

Extract the common factor Fp and simplify it.

T = i mkLp [1+ (&Mj)iﬁﬁiiiﬁ_l) i]
ap;l—a—o+k(1—m) Fp M;
1 mkFp Fx  ato-14k(m-1)  oU-m)tk(m—1)

pu— 1 —
a%jl—a—a—i-k(l—m)[ +(FD

) am+o—1 ]\4"7 am+o—1 ]

As the final result, the aggregate quality of industries in costly trade can be

expressed as:

Fx | ato-tthm-1) = le=bl-m)

i am+o—1 M am+to—1 B6
S | (B)
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As T have the aggregate quality equation for autarky, Equation (A.3) and that
for costly trade, Equation (A.6), I can simply compare them by a ratio between

them,

R aut ato—ltk(m=1) ~(Qok-m)
G/ = ()" (L () A

As T know that the threshold of input required for one unit final good is lower

aut

in costly trade (ap; < apy), o is positive (v > 0), and the latter part of the above

ato—1+k(m—1) (a=k)(1=m)

equation is bigger than one (1 + (I;—);) amto—T emte=t > 1) in this equation,

J
we know the result of it which is bigger than one meaning that the aggregate quality
has been improved in all sectors from autarky to costly trade.

Also, given that in Home country ap; < aps, M7 < My and 0 < m < 1,
we cannot arrive at the conclusion that 7 > @ (i.e. the average quality in the
comparative advantage industries is relatively high) without the assumption that
a < k («a describes how firms’ productivity can effectively contribute to quality
investment shown in Equation (3.9) in the main text and k is a shape parameter in
the distribution function for ex-ante firm input-requirement).

For this, I can also prove that the same parameter assumption is needed by
exploring the monotonicity of the above function after substituting the expression
of ap; shown below. When o < k, the average quality function is monotonically
decreasing for %Mj.

After substituting the expression of ap;, the average quality can be expressed

as,

T = [5& l—a—am+k(1—m)]—%[1 + (F_X)%HM%]%
q] - L Fy am+to—1 s p

ato—1+k(m—1) (a—k)(1—m)

—17(17";&];[()17”1) [1 + <%) amto—1 *Mj am+o—1 ]

_ mkFp [6FE 1fafam+k(1fm)]_%
T l—a—o0+k(l1-m) ! Fx am+o—1
k(m—1) a (a—k)(1—m)
[1 + %(%Mj-)amﬁ-a—l] k [1 —|— %(%Mj) am+a—1 ]
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mkFp [JFE 1—oc—am+k(1—m)

_& o .
e R P amie—1 ) * as A containing only

Now, let me denote that ;—
parameters and express the equation as,

k(m—1) (a=k)(1—m)

G = AlL+ 55 (G M) amtat ]k [1 4+ 55 (55 M;) emsat ]

I explore the monotonicity of the expression above subject to f;—’;]\/[j.

06 _ afafq o Fx (Fx .\ aesati1@—1FEx k(m=1) (Fy jr ool
8(%Mj)_A{k[1+FD(FDMJ) rer T s et (G M) 2t

1+ 5 (M

(a—k)(1—m) k) (1— (afk)(lfm)_
SRR ¢ Brleclom) () e
L+ B ()] 2

- k(m—-1) k(m—1) — o
_ A%a']’;’:»glfl (?_)D(Mj)am+a71 1[1 + ?_)D((%Mj)a'm;&»afl] k

a k(m—-1) - (a—k)(1—m)
{FE[L + F (M) o=t ] 1 4 ZX(FEM;) ameromt ]

a(l—m)
— (o= KB M)

D

As 0 < m < 1, I rearrange the equation to keep the part outside the brace
positive given %Mj > 1 as,

8‘17]' Fx 1—m Fx M,l Fx (Fx _k(m—1) a
Y E— il S L (2P ' ) am+a—1 i Sy e S ) am4a—1 |k
8(%]\4]) AFDOlm+U*1(FDM‘7> [1+FD(FDM-]) ]
(a—k)(1—m)
a(l—m) 1+%(%M]) am+ta—1

(0= F)(EEM) T —a

k(m—1)
T

From the final expression, I can see that when a < k, the second row will be
negative which causes the first order condition negative too. In this condition, I
am able to conclude that the average quality function is monotonically decreasing
for %Mj and I will find that the average quality of industry 1 (the comparative

advantage industry) is higher given M; < M.

3.8.2 Proof for The Autarky Model

Proof for the price index and variety demand

To derive the price index, P; and the variety demand, z;;, I first maximise consumers’

utility (consumption) (Equation (3.2) in the main text) in each industry subject to
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the consumer budget constraint (Equation (3.3) in the main text) using Lagrange

function,

0=1/icq q” J dZ]” T+ A [ficq Pijcidi]

Then find the first order condition of 6 subject to ¢;; and a certain variety in

industry 7, c¢; respectively,

y o—1 0'71
99 _ o 70— o o L
dcij U—l[fzeQ 4565 dz] -1 qu i )\ng =0
Yy o—1 o—1
9 _ o I 70— 1 _
dc1  o—1 U;GQ Qz] 1j dZ] = ql Cl - /\pl =0

Then these two conditions lead to an expression of ¢;; as,

- <%>0<%>vcl (B.7)

Cij

Substitute Equation (B.7) into the consumption and expenditure equation,
- 1—
C] = ngl ﬁ/cl [LGQ ng qzjdz] 7 1
Ej = piq,"e1 fieqpij "3 di

As E; = C;P;, then the price index, P;, can be derived from the ratio between

the above equations as:

Py = [fZEQ pilj qzjdz]

Finally, substituting the expression of the price index into the consumption equa-
tion and normalizing c; can lead to the variety demand equation described in Equa-

tion (3.4) in the main text as:

—o

ol
Tij = ]?1 2L,
J
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Proof for the price of intermediate inputs

To derive the price of intermediate inputs, I start with the production function
of intermediate inputs (Equation (3.6) in the main text). To derive the price of
intermediate inputs, P,;;, I first minimise firms’ production costs of intermediate
inputs (consisting of two-factor payments)subject to their production of intermediate

inputs using the Lagrange function,
9 = WSS]' -+ WKK] + )\(yw SBJ 1 B]T )
Then find the first order condition of ¢ subject to S;, K; and A respectively,
28 = Ws — BH;SP T KT = 0
=Wk — (1= B)H,SPK"T,; =0
8K K= VR et B i

2y SO, =0

The first two conditions contributes to a relation between the two factors used,

K 128 Ws
S; B; Wk

Then substitute this relation into the production function of the intermediate

inputs. Two factors used can be expressed using y;; and factor rewards as:

1- _ _Bir—
S; _ywH( ﬁ])ﬁj 1(‘1//1{//}() ﬂ]Tijl

Bj 5

Substitute these two expressions of two factors into the total costs of intermediate-

input production,

1 Wl ﬁgwﬁ]( B])ﬁjflﬁ ﬁJT_

’L]H

TC =y
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Finally, the price of intermediate inputs can equal the marginal cost of production

(also the average costs of production )in perfect competition as:

TC Ly i-Pity B —1 3 Bip—1
Pmij = g = Wk TWg' (1= 8;)18, 7T

With the assumptions, H; = Bj_ﬁj(l — B;)~ =5 for simplicity and 7;; = 4"
the final expression of the intermediate-input price can be described as in Equation

(3.7) in the main text,
. l_ﬂ e
Pmij = W' Wi 7 45

Proof for production unit-input threshold

To derive the production unit-input threshold, I start with the free entry condition,

Equation (3.21) in the main text:
EV(™) = FpWg Wy %

which can be further expressed as:

l-m—oc

aDj m  lmo—am ‘ iy , a3
/ (1 —m)mi-ma;, '™ le‘m(WSJW;( ’3’) —m — FDWSJW;( ﬁj]g(a)da
0

— SFpWIW (BR)

Simplify it based on the assumption of a Pareto distribution for unit input re-
garding intermediate inputs g(a) = ka*~! (with its cumulative density function

G(a) = a*, where k is a shape parameter).

aut m l—o—am 1 o
1—

[ (1= m)ymTma, " B (WEW, "% — Fplka*'da = §Fg

(2
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Then, the equation can be calculated as:

k(1 —m)
l—oc—am+k(1—m)

l—oc—am

( %t) 1-m +k

m

L . _B.\_—o
(1= m)m ™ B (W Wy ™)

— Fp(afh) =6Fp (B.9)

Finally, substitute the zero-profit condition into the above equation.

k(1—m au aw
e i Ep(aB)t — Fp(ag))* = 6Fp

After simplifying, the production unit-input threshold can be obtained as:

(acbut)k _ §Fg 1—o—am+k(1-m)
J

Fp am+o—1

3.8.3 Proof for The Costly Trade Model

Proof for the relationship between two thresholds

To derive the relationship between two thresholds, a ratio between a marginal ex-
porter’s quality and a marginal domestic firm’s quality can be found from Equation

(3.41) in the main text:

Tz = maj gy (W) (WEY=5) B (14 A7) — af = 0

I can get a ratio between the quality choice of being exporters and the qual-
ity choice of being purely domestic firms for firms with the exporting unit-input

threshold as:

1

Gije(ax;) = Gijalax;)(1+ A;r'=7)=m (B.10)

Notice the condition when firms find no difference in profits between exporting
or remaining a purely domestic firm described in Equation (3.46), which can be

simplified as Equation (3.49) in the main text:

105



3.8. APPENDIX Chapter 3

Elgijalax;)as; = Sl e (ax;)ag; — Fx

Substituting Equation (B.9) into the above condition and simplifying it,

1—-m PR I
——a%;ialax;)[(1+ A7 77)=m — 1] = Fx (B.11)
Then get a ratio between the quality choice for a firm with the production unit-
input threshold and the quality choice for a firm with the exporting unit-input
threshold being a purely domestic firm as:

ax; ato—1

Gija(ax;) = (a) =1 qiiq(ap;)

mfp  —a

Finally substituting Equation (B.10) and ¢;j4(ap;) = T“LapiFp into the above
equation can lead to the relation between two thresholds described as in Equation

(3.51) in the main text as:

: L _1l-m
% = g—g[(l + Afflfg)l_m — 1]} amre

Proof for exporters’ quality choice

To derive the quality function for exporters, I start with the condition when firms
find no difference in profits between exporting or remaining a purely domestic firm
described in Equation (3.46), which can be simplified as Equation (3.49) in the main

text as:

Slgialax;)ak; = Sl (axg)ak; — Fx

Then substitute g;;q4(ax;) as:

am+to—1

Gije(ax;) = Torax§ 72 (30 1 +1]

Next, I can get the quality function for marginal exporters that export using the

relation between two thresholds described in Equation (3.51) in the main text as:
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a o _
Gija(ax;) = TEXax3{[(1+ Ayr' o) =m — 171 41}

Then get the ratio from Equation (3.41) in the main text about a; and ax;.

a; \1—o qz?ac_l _ a; \o
() t— )

ax; qf Hax;)  Nax;

Finally, substituting ¢;;»(ax;) can lead to the quality function for exporters as

Equation (3.52) in the main text.

ato—1 _
mFX am+to—1

Gije = "X a, ™7 (ax,) " {[(1+ A7 o) — 17 4 1)

Proof for the production and exporting unit-input threshold
To derive two thresholds, I start with Equation (3.55) in the main text,
B() = Fu(WE)» (Wi
Substitute the profit function into it,

l—oc—am
—c

/ (L=m)m™ma; = (Wgh» (W) =)= (B = (L4 Al 7)== — Fp
0

J

~mgtayda [0 mma v )

J

—o

1-m H ﬁ
(B;")

— Fplg(a)da = 0Fg

Then substitute g(a) into this expression.

(2

axg m l—oc—am .
/ (1 —m)m=ma, T (WP (W) &5 (B & (14 A=) & — Fp
0

l—oc—am 1

ap; .
= Fhal da+ [ (1= mmra, T (S )

H 1-m
[ m(Bj )

— FD]]{?CL?_ldCL = 5FE

Calculate the equation as

107



3.8. APPENDIX Chapter 3

1— a a'm_,’_

5F = (L—m)m™a) (W (WH)5) P (B F5 (1 + Allrt =) P

k(A —m)
l—0—am+k(1—m)

l—o—am
k k i
— Fpay; — Fxax; + (1 —m)mT=map;

k(1 —m)

H\B; (WHN-Bi =% (BH Y =m — Frak
(VY (W) P BT P e s — Pl
m_ lsomom g , P 1 k(1 —m)
(U mpm TR (WY W) R (B

l—0—am+k(1—m)

+ FD(I];{]-

Then simplify this equation and substitute two threshold conditions into it.

k(1—m)

0Fp = f s Fxak, — Fxak, + ot —

E k
T—o—am+k(l Fpap; — Fpap,

Finally, the relation of two thresholds is used to derive the final results of two

thresholds described in Equation (3.58) and (3.59) in the main text:

—0— k(11— k(1—m)

aly,; = e Ioam b om) (1 4 (o)L [(1 4 AT ) e — 1o 1!
k(1— _ k(m—1)

iy = ORI () ()T (14 ATy P ) )
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Chapter 4

Comparative Advantage and
Quality Choice of Heterogeneous

Firms: Evidence from China

4.1 Introduction

In recent years, a large amount of literature has emerged to explore firms’ export-
ing product quality. Some prior studies have focused on endogenous factors that
would affect the product quality of firms, like productivity, size, and the choice of
intermediate inputs (e.g. E. A. Verhoogen, 2008; Manova & Zhang, 2012). Others
have explored firm exogenous variables, including trade liberalisation and character-
istics of destination countries (e.g. Amiti & Khandelwal, 2013; Bas & Strauss-Kahn,
2014).

Inspired by the increasing availability of micro-data on manufacturing firms,
more studies have empirically explored the role of firm heterogeneity in firms’ ex-
porting product quality. E. A. Verhoogen (2008) analyses Mexican manufacturing

data and reports that more productive plants produced higher quality goods than
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less productive plants. Kugler and Verhoogen (2012) find that larger firms produce
higher quality goods and charge a relatively high price. Manova and Zhang (2012),
using Chinese data, show that more productive firms produced higher quality prod-
ucts using higher quality inputs. Fan et al. (2018) use Chinese data to show that
China’s tariff reductions led to a quality upgrading, which is more concentrated in

the least-productive Chinese exporters.

On the other hand, many papers highlight the role played by the differences
between industries and countries in international trade. Krugman (1980) reports
that countries traded more the more similar they were (regarding the number of
labour within one country). However, Schott (2004) finds differences in unit values
of the same products from high- and low-wage countries and provides evidence of
endowment-driven specialisation within products suggesting that capital- and skill-
abundant countries use their endowment advantage to produce relatively capital-
or skill-intensive varieties and possess added features or higher quality. Hummels
and Klenow (2005) show that richer countries export more products with relatively
higher prices. Hallak (2006) points out that rich countries imported relatively more

from countries that produced high-quality goods.

Despite the extensive literature that has explored how firm heterogeneity or
variation across countries shapes firms’ exporting product quality, few studies have
provided empirical evidence of how this product quality varies across the compar-
ative advantage of industries. To examine this relationship, which is one novel
and important prediction drawn from the theoretical models in previous chapters,
I use highly disaggregated matched firm-transaction level data from 2000 to 2007
(transaction-level data from China Customs and firm-level data from the National
Bureau of Statistics of China) to test how the comparative advantage enhances the

export quality of Chinese firms.
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I define quality as unobserved attributes of a variety that make consumers will-
ing to purchase relatively large quantities holding prices across varieties constant.
Therefore, these attributes are broadly defined and include tangible features such
as build quality and intangible attributes such as a brand image. This chapter ap-
plies the estimation method from A. K. Khandelwal et al. (2013) to estimate firms’
exporting product quality at the firm-product level and uses the Balassa Index of
revealed comparative advantage, a standard measure used in international trade to
identify those industries in which a country reveals a comparative advantage, to
measure the industry difference in one country. The central prediction of Chap-
ter 2 and 3 that exporters produce higher-quality goods in comparative advantage

industries is robust.

Furthermore, I explore where the comparative advantage comes from. According
to the theoretical model in the last chapter, this comparative advantage comes from
relative factor endowment differences. In this chapter, I use physical capital and
human capital per worker as factor endowments and construct the relative factor
endowment of China. Then, using a Two-Stage Least Squares (2SLS) regression, I
estimate the comparative advantage using the data of relative factor endowment and
regress this estimated comparative advantage on product quality. The result shows
a positive relationship between the exporting product quality and the comparative
advantage and suggests that the comparative advantage stems from the relative

factor endowment difference.

The rest of the chapter is organised as follows. Section 2 reviews the literature
in terms of quality measurement and factor endowments. Section 3 describes the
data and presents the econometric model and ways of constructing several key vari-
ables. Section 4 provides the main results. Section 5 presents robustness exercises

concerning the firms’ total factor productivity (TFP), product quality estimation,
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potential endogeneity and sample selection. The final section concludes.

4.2 Literature Review

4.2.1 Quality Measurement

Product quality has been challenging to be measured in the literature as it can
not be unobserved directly from the data. Consumers can not always tell whether
the product is high or low quality when they are purchasing (e.g. the market for
“lemons” and used cars). E. Verhoogen (2021) summarises different measures of
quality. Research in the international trade literature has attempted to deal with
this problem based on the strong quality-equals-price assumption, as quality differ-
entiation is often viewed as the main determinant of variation in unit values (Hallak,
2006). For instance, Schott (2004) uses unit values to proxy product quality and
shows that capital- and skill-abundant countries may use their endowment advan-
tage to produce higher-quality products and ask for a relatively high price. Hummels
and Klenow (2005) propose that richer countries export higher-quality goods.

This approach is convenient because of its simplicity and easy data availability.
However, apart from quality, there are also other determinants of unit values like
manufacturing costs. An example discussed in A. Khandelwal (2010) is that the U.S.
imported Malaysian and Portuguese women’s trousers at unit values $146 and $371
in 1999, respectively. That means the quality of Malaysian trousers is only about half
of the quality of Portuguese trousers if prices can perfectly reflect product quality.
However, the huge differences between the prices of trousers in the two countries
can be partly explained by the different annual wages in the apparel sector (i.e.
variations in manufacturing costs) and imperfect competition.

As unit values can not reflect product quality perfectly, many works can only
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show some facts about the unit values of products and then propose potential expla-
nations or hypotheses in terms of product quality. For instance, Manova and Zhang
(2012) state that given a certain product, Chinese exporters that charge higher
prices earn greater revenues, have bigger sales, and enter more markets while they
import more expensive inputs. These facts suggest a trade pattern of successful
exporters producing higher-quality products using higher-quality inputs. Similarly,
Kugler and Verhoogen (2012) show that larger Colombian manufacturing plants
charge more for their outputs while paying more for their material inputs and pro-
pose an endogenous input and output quality choice model to explain the observed

trade patterns.

Without an effective product quality estimation, the literature was too limited
to directly show the relationship between product quality and other characteristics
at the firm, industry or country level. Many works attempted to take advantage
of observable quality information. For example, Macchiavello (2010) and Crozet,
Head, and Mayer (2012) obtain direct quality measures from wine guides; Bai (2021)
measure the quality of watermelon from the biweekly quality checks using sweet
meters; Bai, Gazze, and Wang (2022) use the information of inspections to index

the quality of Chinese dairy products.

At the time, some economists disentangle quality from trade unit values (e.g.
A. Khandelwal, 2010; Hallak & Schott, 2011). A. Khandelwal (2010) develops a
solution using unit values and market share data to estimate product quality. This
estimation stems from a nested logit demand system based on Berry (1994). Quality
is defined as unobserved attributes of a variety that make consumers willing to pur-
chase relatively large quantities, holding the price constant. It uses both unit values
and quantity information to infer quality and provides an intuition: varieties with

more quantity are assigned higher quality conditional on price. A. K. Khandelwal
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et al. (2013) then estimate Chinese exporters’ product quality within the textile and
clothing industry. This estimation requires no special data and reveals quality at

the finest product level, and it has been commonly applied in recent literature.

Fan et al. (2015) show that a reduction in import tariffs makes Chinese exporters
increase the quality of their outputs and raise their prices in industries with a large
scope of quality differentiation, and lower their prices in industries where the scope is
small based on using the quality measurement from A. K. Khandelwal et al. (2013).
Manova and Yu (2017) proxy product quality using the same method and reveal
that Chinese multi-product firms vary their output quality across their products by
using different-quality material inputs. Furthermore, their core competence varieties
are of superior quality, and they charge a higher price for them. Based on this qual-
ity measurement, Dingel (2017) estimates the product quality and documents that
the high-income locations focus on producing and exporting high-quality products
among the U.S. cities. Bas and Paunov (2021) show that trade liberalisation allows
Ecuadorian firms to improve the quality of imported inputs, the skill intensity and
the skill premium. Thus, this chapter follows the literature and applies the quality
estimation from A. K. Khandelwal et al. (2013) to show how the product quality of

Chinese exporters varies across industries.

4.2.2 Factor Endowments

It is important to deliver evidence on the role of a country’s factor endowment in
determining its comparative advantage to show a good fit of the theoretical model
in that last chapter to the data. The first factor-endowment study was by Leontief
(1953), who used U.S. data and found that U.S. exports were less capital-intensive
than imports. In later works, Trefler (1993) and Trefler (1995) measure ten factors.

He defines the aggregate labour endowment as the economically active population
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and capital endowment as the discounted sum of constant-price investment flows.

Hall and Jones (1999) measure the country’s factor endowments, including hu-
man capital and physical capital per worker. They define human capital as average
educational attainment, measured in 1985 for the population aged 25 and over, as
reported by Barro and Lee (1993) while defining physical capital as the investment
flows. As a final result, they reveal that the differences in factor endowments (hu-
man capital and physical capital) can only partially explain why output per worker
varies across countries. Since then, these measures of country endowments have

been commonly used in the literature.

Romalis (2004) adopts the measures of factor endowments from Hall and Jones
(1999) and proposes a prediction that countries that feature larger shares of world
production and trade of commodities use their abundant factors more intensively.
Chor (2010) finds the evidence that skill-abundant countries exported more in more
skill-intensive industries, and capital-abundant countries tended to export more in
capital-intensive industries using the country endowment measures from Hall and
Jones (1999). Following the literature, this chapter also applies these measures of
factor endowment to show that a country’s comparative advantage is highly related

to the differences in relative factor endowments.

4.3 Data and empirical strategy

Theoretical models in the last two chapters have already delivered several predic-
tions about firms’ quality choices and provided some explanations. It will better
understand if some supporting facts can be found in the data, especially for the
novel propositions. Thus, this chapter empirically tests Proposition 6 in the last

chapter (i.e., exporters in a comparative advantage industry increase their quality
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by more than exporters in a comparative disadvantage industry).! Proposition 6 is
a novel finding, and it will emphasise the importance of one country’s comparative
advantage in decisions of exporters’ quality choices if this proposition is confirmed.

This section describes the data, the matching strategy, and the econometric
model used and presents how key variables that are not observable from the data,

like product quality, are measured.

4.3.1 Data

This chapter mainly uses a matched sample from two data sources. First, Chinese
firm-level data from the Chinese Annual Survey of Industrial Firms are carried
out by the National Bureau of Statistics of China (NBS). Second, international
trade transaction-level data from Chinese Customs Trade Statistics (CCTS) provide
exporters’ transaction-level data. I use data from both sources over the sample from
2000 to 2007.2 This matched sample has been important recently as it is both
informative in terms of the characteristics of China’s manufacturing firms and their
international transactions. Thus, many works have used it (e.g. Defever, Imbruno,
& Kneller, 2020; A. K. Khandelwal et al., 2013; Manova & Yu, 2016; Upward, Wang,
& Zheng, 2013).

Firm-level Survey Data

The NBS data includes all state-owned and non-state-owned industrial enterprises

with annual sales of greater than 5 million Chinese Yuan (RMB). It has been com-

No empirical evidence for the propositions in terms of non-exporters can be provided, as there
is no transaction-level or product-level data available for Chinese domestic firms.

2In terms of firm-level database, the data after 2007 does not include several main production
variables like total intermediate inputs, which are necessary for total factor productivity (TFP)
estimation. Additionally, the literature commonly used this data before the year 2007. In terms
of the transaction-level database, its record starts from the year 2000. Thus, this chapter follows
the literature to use the data from 2000 to 2007.
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monly used to investigate Chinese manufacturing firms’ performance (e.g. Cai &
Liu, 2009; Brandt, Van Biesebroeck, & Zhang, 2012; Feenstra, Li, & Yu, 2014). For
each firm-year observation, the data provides information on output, sales, fixed
assets, intermediate inputs, number of employees, location and industry (which is
classified by the National Standard Classification).® The main variables of inter-
est are firm characteristics, such as total factor productivity (TFP), employment,
capital intensity and average wage bill per worker, as the firm-level controls later.
Due to some misreporting, I follow Cai and Liu (2009) and use General Accepted
Accounting Principles to clean the data.? Following Brandt et al. (2012), T first link

firms from each year of the data using firm registration identification numbers.

Transaction-level Trade Data

The transaction-level trade data covers the universe of all Chinese exports over the
2000-2007 period at the 8-digit Harmonized System. For each trade transaction, it
records detailed information, including import and export values, quantities, prod-
ucts, company name, and customs type (e.g. “Processing and Assembling”, and
“Ordinary Trade”). This chapter applies the method of estimating quality that uses
the unit value and quantity of variety to estimate the product quality of Chinese
manufacturing enterprises. Including the processing trade would make the quality
overestimated as those manufacturing firms can only contribute to part of the final
value of products. I only focus on transactions under the ordinary trade regime.
While I observe all trade transactions monthly at the HS 8-digit product level, I

aggregate them to the firm-HS6 product level at the yearly frequency as most firms

3such as Manova and Yu (2016), I remove firms in non-manufacturing industries (2-digit GB/T
industry code > 43 or < 13) and tobacco industry (GB/T code 16).

4T use the following rules to construct the sample: (i) the total assets must be higher than the
liquid assets; (ii) the total assets must be larger than the total fixed assets; (iii) the total assets
must be larger than the net value of the fixed assets; (iv) a firm must have a unique identification
number; (v) the established time must be valid (for some observations, it is recorded incorrectly
like a date before the year 1000 or after the year 2007).
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do not record sales of the same product every month.”> For each HS 6-digit product,
I use export values and quantities to compute the unit value by each firm. Fur-
thermore, I drop export-import enterprises that serve exclusively as intermediaries,
which is standard practice in literature (e.g. Ahn, Khandelwal, & Wei, 2011). The
data do not directly flag trade intermediaries, so I identify them based on Chinese
characters that mean “importer”, “exporter”, or “trading” in English in the firms’

names.

Data Matching

The empirical analysis merges the two data sources described above. Firms use
different registration numbers in each dataset, and the Chinese authorities have not
released a unique firm identifier. Therefore, I have to use company names recorded
in Chinese characters as the primary matching variable following the literature (e.g.
Defever et al., 2020; Fan et al., 2018;Manova & Yu, 2016).° T adopt the matching
method used in Manova and Yu (2016) that uses all the different names ever used
by a firm to match firms in the datasets because of the lack of other identification
variables in both datasets, such as zip code, telephone number and contact person.
Details of the matching method are described in the appendix.

In the final sample, I obtained a matched firm-transaction dataset of 73,611
unique exporters and 1,465,150 firm-product observations over the 2000-2007 period.
Table 4.1 provides the breakdown of observations by year. I note that the two

datasets do not completely intersect as, firstly, many non-trade firms do not appear

5China changed HS 8-digit codes in 2002 and 2007. To ensure the consistency of the product
categorisation over time (2000-2007), I have to convert the HS 2002 and the HS 2007 codes into
the HS 1996 codes. However, concordance between the HS 8-digit codes before and after 2002 is
not available. So, I can only choose to adopt HS 6-digit codes maintained by the World Customs
Organization (WCO).

6The firm name is a reliable match variable as it suffers the least from missing value problems.
By law, in China no firm can have the same name in the same administrative region. Firms always
contain their local region name as part of their firm name.

118



4.3. DATA AND EMPIRICAL STRATEGY Chapter 4

in the Customs database but are included in the NBS database. Secondly, some
firms in the NBS database trade through trading agents. Their transactions will
be recorded under the name of trading agents in the Customs database. Thirdly,
the Customs database records all trade transactions made by small firms and firms
in non-manufacturing sectors. In contrast, the NBS database only includes larger
firms in the manufacturing sectors. Overall, the matched sample covers 53% of the
total export value reported by the Customs Database. This result is consistent with

previous works using these datasets.”

4.3.2 Methodology

I would like to test the main prediction of the theoretical framework, which states
that exporters in a comparative advantage industry offer higher quality than ex-
porters in a non-comparative advantage industry. Then, inspired by the previous
chapters’ theoretical models that relate product quality to comparative advantage
and a firm’s productivity, I estimate the following econometric model by incorpo-

rating more firm characteristics:

ln(qfht) = Bo+ L1RC Ay + B9 ln(th) + ©n+ ©r+ ©rn T Pr+ Erne (4.1)

where [n(gsy:) denotes the estimated quality of good h produced by firm f in year ¢
in log; RC' Ay, as a dummy variable indicates if China has a comparative advantage
in the production of a variety h (as the portion of more than one firm for each
product-year category is 99.7% in the data, RC Ay, is explained as an industry-level
variable); In(Z;) denotes the total factor productivity (TFP), and other firm-level

control variables that may affect firms’ quality choice and are controlled in the

"Manova and Yu (2016) cover nearly 50% of China’s total exports in 2005. Merged sample in
Fan et al. (2018) cover 52.4% of total export value in 2001-2006 reported by the Customs Database.
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literature (e.g. Fan et al., 2018) such as the capital intensity in year ¢. In addition,
I also control for the HS 6-digit level product fixed effects, firm fixed effects, prodct-
firm fixed effects and year fixed effects. Finally, £y is a constant term, and ey is
unobserved shocks that affect export product quality.

In addition, to show a good fit of the theoretical model, it is important to
show that the comparative advantage of industry is related to the different factor
endowments across countries. Thus, I further use the 2SLS regression, where the
relative factor endowment is used as an instrument variable for the comparative
advantage in the first stage. The model is expected to show that countries’ relative
factor endowments are correlated with the comparative advantage of industry and
are not correlated directly with firms’ product quality. Thus, the relative factor

endowment can be a good instrument.

4.3.3 Key Variables

In the above econometric model, I use product quality as the dependent variable,
TFP as the main control variable, revealed comparative advantage as the main
explanatory variable and other firm-level control variables and relative factor en-
dowment. In this subsection, I will introduce and construct the variables that are

not observed directly from the data.

Estimated Quality

I follow A. K. Khandelwal et al. (2013) and Fan et al. (2018) to measure product
quality. As mentioned before, I define quality as unobserved attributes of a variety
that make consumers willing to purchase relatively large quantities, holding prices
across varieties constant rather than using the unit value as a coarse proxy for

o
quality. According to the demand equation in my theoretical model (z;; = %Ej),
J
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I can estimate the quality of exported product h produced by firm f in year ¢, using

an OLS regression through the following empirical demand equation in our model:

In(zsnje) + 0 I(psnje) = 00 + @it + Epnj (4.2)

where x4;; denotes the demand of exported product i produced by firm f in year
t; prnje 1s the unit value; o is the elasticity of substitution across products; the
industry-year fixed effect ¢;; collects both industry price index and expenditure;
the product fixed effect n;, captures the difference in prices and quantities across
product categories. Given the value of the elasticity of substitution, I can estimate
quality from the above equation. The estimated quality is In(Gsm;) = €snje.® The
intuition behind this is that a variety with a higher price is assigned higher quality

conditional on quantity.

The literature employs various values of . For example, Manova and Yu (2017)
use the value at ¢ = 5. Fan et al. (2015) use different values at 0 = 5 and ¢ = 10
and allow the elasticity of substitution to vary across industries using the estimates
of Broda and Weinstein (2006). Thus, following the literature, I set sigma at 0 =5
and o = 10 and use the estimates of Broda and Weinstein (2006) as well.” The
distribution of estimated quality using different values of ¢ is provided in Figure
4.1. To exclude the influence of outliers, I remove 0.1% of the lowest and the
highest values. The figure shows that exporting product qualities are centred at the
same quality level regardless of which value of ¢ is used. It also reveals the highest
variation when using o = 10 and the lowest variation when the o is allowed to vary

across industries. As a robustness check, I estimate ¢ using the data. I also use an

8Here dfnjt = q}hjt. In other words, the estimated quality ¢ corresponds to ¢” in the model.

9Using the existing values of estimated o from the literature is a common approach used in
the prior studies (A. K. Khandelwal et al., 2013; Fan et al., 2018). Broda and Weinstein (2006)
estimate the elasticity of substitution for disaggregated categories. I use their estimates and merge
them with the sample.
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IV strategy to estimate product quality, and the related details will be presented in

the section on robustness checks.

Total Factor Productivity

The standard approach to estimating the TFP is to estimate a Cobb-Douglas pro-
duction function with its input, output, and capital. While OLS estimation assumes
the independence of firms’ inputs and efficiency, firms’ input choices are likely de-
termined simultaneously by unobserved productivity shocks. Approaches with as-
sumptions alongside the evolution of firms’ productivity and input choices over time,
such as Olley and Pakes (1992) and Levinsohn and Petrin (2003), correct for endo-
geneity between inputs and unobserved productivity. While both studies allow for
firm-specific productivity differences exhibiting idiosyncratic changes over time, in
this paper, I use the LP method to estimate firms’ productivity due to the lack of
information on firms’ investments. As a robustness check, I also estimate the TFP
using the method from Wooldridge (2009).

To estimate the TFP, I deflate firms’ capital (measured by total fixed assets
in the data), intermediate inputs (total expenditures on intermediate goods) and
output (nominal value of gross production) using different deflators, which are the
same used in Brandt et al. (2012), a capital price deflator, an intermediate input
deflator and an output price deflator. Furthermore, since firms in different industries
may have different factor inputs, I estimate the production function for each 2-digit

industry separately rather than estimating the entire manufacturing sector.

Revealed Comparative Advantage

Given that my interest is in how the comparative advantage affects firms’ product
quality, I measure the comparative advantage using the Revealed Comparative Ad-

vantage (RCA) index created by Balassa (1965), which is commonly used in the
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literature. According to the RCA formula: RC' Ay, = % where Ej; and E,
respectively denote the export value in the industry of producing product h in year
t of one country and the rest of world, TE is the total export value. It indicates
the relative ability to produce a good compared to the rest of the world. Then I
follow Navas (2018) to use the data from the BACI trade database that provides
disaggregated data (at HS 6-digit level) on bilateral trade flows for more than 200

countries from 2000 to 2007 and compute the RCA index at HS 6-digit level.

In the design of the empirical test, I treat the world consisting of China and
the rest of the world to measure China’s comparative advantage in each industry.
I introduce the variable RC' A in two ways, RC A index, a continuous variable and
a dummy variable, RC' Ap, created using the RC A index. Figure 4.2 presents the
distribution of the RC'A index. I remove 1 per cent of the highest values to exclude
the influence of outliers. This figure shows that the RC'A indexes of China compared
to the rest of the world are centred at the value of 1 with a right-tail. Once RC' Ay,
is greater than 1, meaning that China does have a comparative advantage in the
industry of producing product h in year ¢, the dummy variable, RC' Ap takes a value

of 1; otherwise, the dummy variable takes 0.

Relative Factor Endowment

Finally, to discriminate from other neoclassical trade theories, it is important to
show that the comparative advantage stems from relative factor endowment. I follow
Hall and Jones (1999) to measure two factors: average educational attainment for
the population aged 25 and over as human capital per worker and physical capital
stocks over labour as the physical capital per worker. The data used, including

capital stock at current PPPs, human capital index, and persons engaged, is from
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the Penn World Table (PWT).°

To measure the relative factor endowment of China compared to the rest of the
world, I construct a variable named RFE as the ratio of physical capital over human
capital of China and physical capital over human capital of the rest of the world as
expected. From Figure 4.3, it can be found that human capital was more abundant
in China than in the rest of the world during the period. There is also a clear
increasing trend in the relative physical capital in China, consistent with Heckman
(2005) where he reports a higher ratio of annual investment in physical capital to
human capital for China compared to most countries and the investment proportion
of human capital is only 3.3% of GDP while that proportion of physical capital is
45% in 2002.

4.4 Empirical Results

This section presents the main results using a sample of Chinese manufacturing
exporters. I begin by looking at some summary statistics. Given the interest in
comparative advantage, I group firms into exporters within comparative advantage
industries and exporters within non-comparative advantage industries. Table 4.2
provides a comparison of the characteristics of firms from different groups. Most
Chinese exporters (71.69%) come from comparative advantage industries. Regard-
less of the various estimations of product quality that I have used, as mentioned
above, exporters in comparative advantage industries outperform others in terms of

product quality and firm performance.!!

10T must first calculate the average years of schooling for the population aged 25 and over in
each country. Then, I can compute the human capital of China since there is only a human capital
index. Finally, in terms of the human capital of the rest of the world, I use the weighted average
human capital, where the persons engaged in each country over persons engaged in the rest of the
world are used as the weight.

1 This table shows no sufficient evidence to state the mean quality of products between firms with
a comparative advantage industry and those in a comparative disadvantage industry is different
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The baseline analysis proceeds in three steps to examine the cross-industry vari-
ation in exporting product quality. I first run the baseline specification, Equation
(4.1) with different fixed effects (with year fixed effects only; with product fixed
effects and year fixed effects; with product fixed effects, firm fixed effects and year
fixed effects; with product fixed effects, firm fixed effects, year fixed effects and
product-firm fixed effects). It reports a positive effect of the comparative advantage
on product quality. I next turn to use the RC'A as a continuous variable and re-
veal how changes in the RC A index can affect exporters’ product quality. Finally,
considering that firms may decide their product quality at time ¢ according to the
RCA at time t — 1, I run the baseline specification again by using the lagged RC A

as the main explanatory variable.

4.4.1 Baseline Specifications

In Equation (4.1), I include firm-level control variables potentially affecting product
quality from the literature, the TFP, the capital intensity (capital to labour ratio),
the total employment, and the average wage bill per worker. In Table 4.3, different
columns correspond to different values of the elasticity of substitution used to esti-
mate quality with different fixed effects. Columns 1, 3 and 5 present a significantly
positive relationship between the dummy variable of RC'A and estimated product
quality with only controlling year fixed effect. More specifically, they show that if
China has a comparative advantage in one industry, exporters within this industry,

on average, offer 40.4%, 109.8% or 15.1% more quality.'? Columns 2, 4 and 6 report

when o = 10 is introduced to estimate the quality. It also reveals that the mean quality is different
at 10% when o = 5 is used, and the mean quality is different at 1% when the o is allowed to vary
across industries.

12Here, column 3 presents a relatively high coefficient because a higher value of o gives the
estimated product quality a more violent swing (a higher standard deviation). The coefficients
on RC A decrease significantly when the product fixed effect is introduced in columns 1, 2, 3 and
4 as the same value of o is used for all industries leading to the industry variation contained in
the estimated quality. In contrast, columns 5 and 6 show an increase in the coefficient on RC A

125



4.4. EMPIRICAL RESULTS Chapter 4

similar results when the product fixed effect is included as well. The relationships
between exporting product quality and almost all firm-level variables are enhanced,
which shows the necessity of incorporating the product fixed effect.

Table 4.4 shows the effects of RC' A on exporting product quality, including more
fixed effects. Columns 1, 3 and 5 report the results of adding the firm fixed effect,
while columns 2, 4 and 6 report the results after adding firm and product-firm fixed
effects. These effects account for firm-product-specific characteristics that are in-
variant across export markets. Note that though adding more fixed effects causes
changes in coefficients on all variables and the coefficient on the dummy variable of
RCA in column 4 is insignificant, coefficients in columns 2 and 6 are statistically
significant and enhanced compared to the results in columns 1 and 5. Specifi-
cally, column 2 reports that if China has a comparative advantage in one industry,
exporters within this industry, on average, offer 20.7% more quality. Column 6
states that exporters provide 26.7% more average quality in a comparative advan-
tage industry. These facts are consistent with the proposition that exporters in a
comparative advantage industry raise their product quality more. These exporters
find it more profitable to improve quality in international trade. Thus, these results
predict that by holding prices across varieties constant, Chinese exporters in a com-
parative advantage industry, on average, provide 20.7% and 26.7% more quantity
(i.e. holding quantities across varieties constant, the average price that consumers
pay for products produced by exporters in a comparative advantage industry is
20.7% and 26.7% higher). Additionally, all coefficients on firms’ control variables
are significantly positive, consistent with expectations and theoretical results that
more productive firms produce higher-quality goods.

Given the interest in estimating how changes in the RC'A index can affect ex-

when the product fixed effect is introduced. This happens as the ¢ is allowed to vary across
industries capturing the industry variation when estimating the product quality and incorporating
the product fixed effect enhances the effect of RC'A on product quality.
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porters’ quality decisions, I regress the baseline equation again and treat the RC' A
as a continuous variable. As shown in Table 4.5, all coefficients on the RC'A index
are significantly positive. More specifically, it shows that exporters increase average
quality by 2.7%, 1.6% and 2.9%, respectively, in columns 1, 2 and 3 when China’s
relative export share of one industry increases by one unit. In addition, the coeffi-
cients on firm-level control variables are statistically significant and positive and are

similar when using different estimations of quality.

Finally, given the theoretical models, the comparative advantage stems from
the relative factor endowment difference across countries and relative factor inten-
sity across industries. Firms may spend time applying factor endowments, such as
capital, to their production process or quality upgrading. That means that lagged
rather than current values of RC'A may be a good predictor of quality measurement.
Thus, I explore the baseline equation using the lagged RC'A as the main indepen-
dent variable. Table 4.6 shows a positive relationship between exporters’ estimated
quality and the lagged RC A except when o = 10 is used to estimate product quality.
Columns 1 and 5 report that exporters will provide the goods with 13.4% or 9.9%
more quality on average if China observed a comparative advantage in the previous
period in one industry last year. Furthermore, columns 2 and 6 present the result
that exporters improve quality by 1.4% or 1.7% when China’s relative export share
of one industry increased by one unit last year. Compared to the results when the
present RC'A is used in the specifications, these relatively low coefficients shed the
implication of the dynamic changes in product quality. Chinese exporters adjust

their product quality quickly based on the comparative advantage year to year.

Overall, all these results induce that exporters in a comparative advantage in-
dustry within one country will provide goods with a higher quality level. This

differential can be explained as those firms in a comparative advantage industry can
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produce goods at a relatively low cost and find upgrading quality more profitable
than foreign competitors, which is due to that exposure to trade bringing them ac-
cess to a bigger market improves their marginal benefit of upgrading the product

quality more.

4.4.2 Comparative Advantage and Relative Factor Endow-

ment

I already showed the difference in product quality for exporters across industries,
consistent with the proposition. To further prove a good fit of our theoretical model,
I would like to shed light on the fact that the comparative advantage stems from
different relative factor endowments of China compared to the rest of the world.
To explore this, I run the baseline equation (4.1) again. However, I use the 2SLS
regression where the RFE describing China’s relative physical capital over human
capital compared to the rest of the world is used as an instrument variable to estimate
the RC'A index in the first stage. Based on the basic assumptions and the quality
equation of the theoretical model, the comparative advantage stems from the relative
factor endowment, and the relative factor endowment only affects a firm’s quality
choice through the comparative advantage. Table 4.7 shows a result consistent with
the baseline specifications, a statistically significant and positive coefficient on the
RC A index of estimated quality in the first two columns.!?

Furthermore, Table 4.8 reports the first-stage regression results of the RCA

index. Different columns denote specifications using different values of estimated

quality.'* All specifications present a statistically significant and negative coefficient

131n all specifications, I conduct a Kleibergen and Paap (2006) rk statistic test (where the null
hypothesis that the model is underidentified is rejected) and a Kleibergen and Paap (2006) Wald
statistic test (where the null hypothesis that the first stage is weakly identified). The results induce
that the instruments fit well in the first stage and perform as valid instruments.

l4Here, the difference between coefficients on RFE is only due to different samples used for
different estimated quality.
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on the relative factor endowment, which is expected from the theoretical model. As
mentioned before, China is more abundant in human capital, which contributes
to a comparative advantage in industries using human capital more intensively;
therefore, an increase in RFE (i.e. a higher ratio of physical capital over human
capital in China compared to the rest of world) would lower China’s comparative

advantage.

4.4.3 Heterogeneity Analysis

In this subsection, I further explore the above results by conducting the heterogene-
ity analysis to understand the mechanisms at play better. To be more specific, I
test the heterogeneity of the enhanced effect on the export quality of the compar-
ative advantage across quartiles of the comparative advantage distribution, exploit
how this effect is different across different groups of countries (i.e. OECD countries
vs Non-OECD countries), compare this effect of firms with high export intensity
with firms with low export intensity, and explore the variation in export quality for
different products (with comparative advantage or without comparative advantage)

within firms.

Quantile Analysis

To test the heterogeneity of the enhanced effect on export quality across quartiles of
the comparative advantage distribution, I split the regression by quartiles of the RCA
index. In this sense, it allows all the control variables to find new coefficients at each
quartile. However, the coefficients that vary across the RCA distribution can not
indicate the true effects on export quality. Thus, I did Chow tests to test whether the

RCA has different impacts across the comparative advantage distribution. Table 4.9,
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Table 4.10 and Table 4.11 report the results of using different quality estimations.!®

Columns 1, 2, 3 and 4 in these tables present the results for the sample in the
first, second, third and fourth quartiles, respectively. Overall, they report a positive
and significant relationship between export quality and the RCA index most of
the time, which is consistent with previous results. The first column shows that
export quality increases by 51.7%, 99.9%, and 23.5%, respectively when China’s
relative export share of one industry increases by one unit for industries with a low

comparative advantage.

The value of RCA is larger when the RCA is settled in the second, third and
fourth quartiles, contributing to lower coefficients. For instance, the second column
presents that export quality increases by 13.9%, 31.8% and 6%. Thus, it requires
testing whether the true coefficients on the RCA are different across the RCA dis-
tribution. Results of the Chow test, where the null hypothesis is the coefficients are
indifferent, are also presented in these tables. According to the p-values that are
equal to zero, we can conclude that the coefficients on the RCA are different from
each other across the RCA distribution. In other words, it ensures the heterogeneity
of the enhanced effect on the export quality of the comparative advantage across the
RCA distribution. In addition, the coefficients on firm-level control variables change
differently. For some of them, we can still obtain some patterns. For example, in the
upper interval of the RCA| the coefficient on the average wage bill is lower. It means
that the effect of average wage on export quality varies across industries, and the
effect is less significant for industries with a higher relative export share. Although

it is not the interest of this chapter, it can be a good starting point for future work.

15Tn Stata, suest is used to perform the Chow test. However, it cannot be estimated either xtreg
or reghdfe which I have used to include fixed effects. Thus, I used reg and included the year-dummy
variables and then used the saved estimates to do the Chow test.
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Destination Dimension

So far, as I mentioned before, I have largely treated destinations anonymously and
symmetrically. However, this enhanced effect on export quality can still vary across
destinations. I further include information about the destinations to detect how it
varies across destinations and follow the logic of the empirical design. Specifically,
I tell destination countries or regions from Organisation for Economic Co-operation
and Development (OECD) countries to Non-OECD countries. To fit the data sample
period, I followed the information from the official website to identify thirty OECD
countries that joined no later than 2000.'% In this sense, I split the sample into two
categories, OECD countries and Non-OECD countries. I ran the main regression
respectively to explore the heterogeneity of the effect across destination countries.
Table 4.12 reports the effects of the RCA on export quality across destination
countries. Columns 1, 3 and 5 record the results for the OECD countries, while
columns 2, 4 and 6 record the results for the Non-OECD countries. Regardless
of different quality estimations, the table shows the same pattern: this effect on
export quality is positively related to the RCA, and this enhanced effect is more
pronounced when the destination belongs to the OECD group. For instance, when
the quality is estimated using the o = 5, the export quality increases by 2.7% for
the OECD group and 2.2% for the Non-OECD group when China’s relative export
share of one industry increases by one unit. It shows the variation across destinations
preliminary, although the RCA index is still calculated for China compared to the
rest of the world. This difference might be explained by the fact recorded in the
literature: firms vary the quality of their products across destinations (e.g. Manova

& Zhang, 2012). In addition, it can be interesting to estimate the RCA index

16These OECD countries include Australia, Austria, Belgium, Canada, Czech Republic, Den-
mark, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Korea, Lux-
embourg, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Slovak Republic, Spain,
Sweden, Switzerland, Tiirkiye, United Kingdom and the United States.
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of China compared to different country groups to detect the heterogeneity of the
effects and the relationships between export quality and firm-level control variables

in future work.!”

Export Intensity

This subsection tends to explore the heterogeneity of the effects across firms with
different levels of export intensity. Taking advantage of firm-level data, a firm’s
export intensity can be calculated as total export divided by total sales. I then
split the sample into two categories, firms with high export intensity and firms with
low export intensity. Firms with an export intensity below the median value of the
export intensity of the whole sample belong to the low export-intensity group, and
the rest firms belong to the high export-intensity group. During the processing,
I dropped 169,351 out of 1,270,076 observations (around 13%) with zero export
intensity. This is due to the misreporting issues in the firm-level database.

Table 4.13 compares the effects of the RCA on export quality for firms with high
and low export intensity. Columns 1, 3 and 5 record the results for the firms with
high export intensity, while columns 2, 4 and 6 record the results for those with low
export intensity. From columns 1, 2, 5 and 6, where the coefficients on the RCA are
statistically significant, we can see an interesting variation in the effects of the RCA.
Firms with high export intensity increase quality by 2.4% or 2.5% when China’s
relative export share of one industry increases by one unit. Compared with them,
the enhanced effects on export quality are larger for firms with low export intensity:
they increase quality by 3.5% or 3.7%. This exercise shows the heterogeneity of the
effects across firms with high and low export intensity. However, the result was not

what I expected. It does not show that lower-quality products are produced by firms

17 As shown in Table 4.12, the coefficients on firm-level control variables are relatively high when
the destination belongs to Non-OECD countries.
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with low export intensity. It can not be used to proxy the effects on domestic firms
concluded in the model. This may be because product quality here is estimated
for exporting products rather than products for the domestic markets, or there are
some unexplored mechanisms at play, which remains a research direction for future

work.

Within-firm Variations

In this subsection, I further explore within-firm variations in export quality if firms
provide different qualities for products with and without a comparative advantage.
To achieve it, I need to distinguish different products within the same firm. I do
this considering the following two principles. Firstly, firms in the sample should
produce at least two HS6-level varieties. Then, this subsection also requires the
sample to include firms that produce at least an HS6-level variety with a comparative
advantage and a variety without a comparative advantage each year. As a result, I
finally kept 781,256 out of 1,270,076 observations (around 61.51%) during the sample

period.

Table 4.14 presents within-firm variations in effects on the export quality of the
RCA. As shown in the table, I include the year, firm and product-firm fixed effects.
Then the coefficients on the RCA are identified purely from the variation in export
quality across varieties (with and without a comparative advantage) for a given firm
and variety. Columns 1 and 3 provide significant positive coefficients on the RCA.
These results show that in China within firms, firms increase product quality by
21.2% or 25.6% for the product with a comparative advantage compared to the
product without a comparative advantage. It indicates the within-firm variations in

these enhanced effects on the export quality.
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4.5 Robustness Checks

In this section, I conduct several exercises to show the statistical robustness of the
results. First, I present the results based on the alternative estimation of TFP.
Second, I confirm the robustness of the results to the alternative estimation of
product quality, where I estimate the elasticity of substitutions from the sample.
Third, I use the IV estimation to address the potential issue of the endogeneity of
comparative advantage and obtain similar results. Then, I use the balanced sample
to confirm that the results are not biased because of sample selection. Finally, to
avoid the fact that small changes in the RC' A index generate abrupt changes in the
dummy variable, RC' Ap, it takes a value of 1 if the RC A index is above 1.1 and

takes a value of 0 if the RC A index is below 0.9.

4.5.1 Alternative Estimation of TFP

In section 4, T applied the LP method to estimate a firm’s TFP. This measure has
benefited from keeping more observations in the estimation. I now use the method
from Wooldridge (2009) and show how this alternative TFP estimation affects firms’

product quality choices.

Table 4.15 presents the results with alternative TFP estimation. Columns 1 and
5 show that Chinese exporters provide 20.7% and 26.7% more quality on average in a
comparative advantage industry. Columns 2, 4 and 6 present that Chinese exporters
increase average quality by 2.7%, 1.6% and 2.9%, respectively, when there is one unit
increase in the RCA index. This result and effect sizes are consistent with the result
when using LP to estimate the TFP. It indicates that firms in the comparative
advantage industries produce and export higher-quality products conditional on

productivity.
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4.5.2 Alternative Estimation of Quality

To avoid the potential bias from parameterising o based on the values given in the
existing literature, I also estimate quality using IV estimation following Fan et al.
(2015). The method is as follows. I first estimate o; industry by industry at HS

2-digit level using the sample by transforming Equation (4.2) to the following:

In(zsnje) = =0 In(ppnje) + on + @i + i (4.3)

where o; refers to the industry j where product h is located. I estimate it by
regressing export quantity on price, product fixed effects, and industry-year fixed
effects for each industry j. Since the error term is potentially correlated with the
product price, I use local average wages as an instrument variable to correct the
parameters as in Fan et al. (2015). I compute the local wage as the average wage
per worker across all firms in the same province in China, capturing common cost
shocks on the supply side. The local wages affect product prices by changing firms’
production costs. At the same time, this also raises concerns that local wages may
be related to product quality (workers with higher wages produce higher-quality
products). However, the exclusion restriction remains valid as long as average wages
do not impact deviations from average quality. In other words, if a Chinese exporter
chooses to produce and export higher-quality varieties because of the shocks in
local wages, the instruments remain valid as long as shocks do not affect deviations
from the firm’s average quality choice.'® Hence, I use this IV estimation in each
industry and obtain 95 industries after dropping three industries with less than ten
observations.

Then I infer product quality using the estimate of the residual €, from Equa-

tion (4.2) as the method described in section 4. Finally, Table 4.16 presents the

8Here, I share the similar spirit of A. Khandelwal (2010) to illustrate the validity of instruments.
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effects of comparative advantage on product quality based on the alternative esti-
mation. Again, I obtain statistically significant and positive coefficients on RC' Ap
and RCA. The first column shows that the average quality of exporters is 21.0%
higher if China has a comparative advantage in this industry. More specifically, a
one-unit increase in the RCA index increases the average quality by 2.5%. With a
similar effect size, both results confirm the proposition that exporters in the com-

parative advantage industries produce higher-quality goods.

4.5.3 Endogeneity

Given the interest in the effects of comparative advantage on a firm’s quality choice,
I now address the issue surrounding the potential endogeneity of the comparative
advantage. However, I believe that the comparative advantage of one industry is
arguably exogenous from the individual firms’ perspective, and the use of industry-
specific comparative advantage should alleviate the endogeneity issue.!? It does not
completely eliminate the concern.

Inspired by the case of an autarky country opening up to trade in the theoretical
model, China’s WTO accession in 2001 that substantially reduced trade barriers®’
can be regarded as an instrument variable, as it could be viewed from the firm’s
perspective as an exogenous shock of trade liberalisation. The idea is that China’s
WTO accession affects relative factor endowments of China, which is correlated
with its comparative advantage. However, this event does not affect each exporter’s
quality choice differently for a certain good or within one industry. Thus, I re-

estimate the baseline specification using a WTO dummy variable (WTO takes a

19 As mentioned before, though I measure the RC' A index at HS 6-digit product level, it can be
explained as an industry-level variable as there is always more than one firm producing one variety.

20Fan et al. (2018) shows that the export tariff reductions imposed on China’s exports by trading
partners are around 1% while the average import tariff reductions by China are around 6% from
2001 to 2006.
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value of 0 if the observation was recorded before the year 2002; otherwise, it takes
a value of 1) as an instrument for the RC'A index. As shown in Table 4.17, I find
the coefficients on the RC'A index are positive and significant in all specifications.?!
This implies that its inclusion leaves the key results unchanged that firms export
higher-quality products in a comparative advantage industry.

In addition, Table 4.18 presents a statistically significant and negative relation-
ship between RC'A and WTO. It shows that China’s WTO accession decreases the
RC'A index by 0.541 or 0.544, supporting our explanation based on the relative fac-
tor endowment. After China’s WTO accession, China’s physical capital per worker
increased more than its human capital per worker. The comparative advantage
stemming from the relative factor endowment of China thus decreased following
this increase in RFE (the ratio between physical capital and human capital per
worker in China). As a result, there is a negative relationship between the RC'A
index and China’s WTO accession.

This instrument variable is not very good, as it is a year-variant variable. It does
not feature industry or product variation within one year. Thus, the results are less
significant when using it as the instrument variable for the RCA index, which is an
industry-year-level variable. However, finding a good instrument variable is always
challenging for economists. I will keep looking for a more appropriate instrument

variable.

4.5.4 Balanced Sample Test

So far, the results are based on a merged sample, including all firms shown in the

NBS firm production data and the customs data. To remove any effects of entering

2Tn all specifications, I conduct a Kleibergen and Paap (2006) rk statistic test (where the null
hypothesis that the model is underidentified is rejected) and a Kleibergen and Paap (2006) Wald
statistic test (where the null hypothesis that the first stage is weakly identified). The results induce
that the instruments provide a good fit in the first stage and perform as valid instruments.
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and exiting firms, I now focus on a merged sample between the balanced sample of
NBS firm production data and the customs data.?? 1 select observations of firms
that have been active through the whole period to observe how the comparative
advantage affects firms’ product quality. Regarding exporters, not all of them export
specific goods each year. Finally, this sample includes 487,385 product-firm-year
observations.

The results of quality are presented in Table 4.19. Although the coefficients
on RCA are not statistically significant when setting 0 = 10, the overall result is
strongly consistent with our baseline result. Column 1 and 5 show that Chinese ex-
porters provide 29.2% and 33.6% more quality in a comparative advantage industry,
and column 2 and 6 present that exporters offer 2.3% and 2.5% more quality on
average when there is one unit increase in the RCA index, confirming the propo-
sition still holds. Furthermore, effect sizes on the comparative advantage dummy
variable are slightly higher among continuing firms, which indicates that those firms
in a comparative advantage industry, on average, take more advantage of industry

characteristics and invest in product quality by more.

4.5.5 Alternative Construction of the RCA Dummy

In the last section, the dummy variable, RC'Ap takes the value of 1 if the RC' A
index is above 1, indicating that China has a comparative advantage. Otherwise, it
takes the value of 0 indicating that China does not have a comparative advantage.
One concern about this construction method is a small change in the RC Ap index
around the threshold could lead to an abrupt change in RC'Ap. To eliminate this
concern, in this subsection, the RC' Ap takes a value of 1 if the RC' A index is above

1.1, indicating that China has a comparative advantage and takes a value of 0 if

22] choose a balanced sample at the firm level rather than at the product-firm level since I can
only obtain 28,088 observations if I want a balanced sample at the product-firm level.
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the RC'A index is below 0.9. The observations in the middle are regarded as the
“neutral”.

Table 4.20 presents the effects of the new RCAp of product quality. Column
1 reports that if China has a comparative advantage in one industry, exporters in
this industry, on average, offer 32.2% more quality. Column 3 states that exporters
provide 42.3% more average quality in a comparative advantage industry. With
higher effect sizes on the comparative advantage dummy variable, these results are
consistent with the main specifications confirming that exporters in the comparative

advantage industries produce higher-quality goods.

4.6 Conclusion

This chapter provides supporting evidence for one of the propositions drawn from the
theoretical models in the previous chapters. To test the model’s main predictions, I
use rich and detailed firm-transaction level data over the period 2000-2007.

Controlling for a firm’s characteristics, including productivity and other vari-
ables that may affect a firm’s quality choice, and the firm, industry, and year fixed
effects, I find robust evidence that Chinese exporters in the comparative advantage
industries improve their product quality more than those in other industries. This
chapter also shows that this comparative advantage stems from countries’ different
factor endowments. Therefore, it suggests that exporters decide their product qual-
ity based on a country’s comparative advantage from relative factor endowment,
pointing out the fruitfulness of placing different industries in the research of firms’
endogenous quality decisions.

This chapter aims to empirically illustrate the mechanism behind exporters’ qual-
ity choices across industries. Since the results show a significant relationship between

a country’s comparative advantage and the relative factor endowment, it further un-
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derlines the importance and correctness of the theoretical model in the last chapter.
Limited by the data, this chapter can only test one of the novel propositions from
the theoretical models. However, with access to the product-level data of domestic
firms, the empirical tests for the rest of the propositions drawn from the theoretical

model can be implemented in future work.
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4.7 Appendix

4.7.1 Matching between the Firm-level (CASIF) and the

Transaction-level (CCTS) Data

The matching strategy links firms in CASIF to those in CCTS by matching their
names. I, therefore, follow Manova and Yu (2016) and construct a concordance
matching the firm’s different identifiers across these two datasets. The matching

procedure is as follows where I use “ID” to denote the firm identifier code in the

CASIF and "CODE” to denote those in the CCTS).

The basic idea of this matching method is that I use all the different names
ever used by a firm to match firm identifiers in both datasets. More specifically,
a NBS ID will be matched to a CCTS CODE, as long as one of the names used
by the ID in the firm-level data can match one of the names ever registered by the
CODE in the CCTS data. Using this method, I can achieve maximum flexibility
in company name changes and minimise the chance of not identifying a matching

company simply because of the name change.

After processing the above steps, I do some checks to assess the quality of the
match. Firstly, I drop the duplicates. Secondly, I found 1,885 matches where more
than one NBS ID match within a given year with one CCTS CODE constituting
a negligible proportion of the sample (accounting for less than 0.1% of export and
import) and excluded them. Thirdly, I check if multiple CCTS CODEs match with
one NBS ID for the same year. There are 34,633 matches from the sample where
multiple CODEs match with one ID in the same year. After checking these in the
original CCTS data, I found that firms changed their CCTS code during the same
year in different months while keeping their names unchanged. This finding indicates

that the same firm does these transactions under multiple CCTS codes. Therefore,
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I keep these duplicates and aggregate them into the same ID.
Following this procedure, I obtained a matched firm-transaction dataset includ-

ing 83,391 unique firms and 2,735,247 observations over the 2000-2007 period.
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4.7.2 Supplementary Figures and Tables

Figure 4.1: The distribution of the product quality
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This figure shows the estimated quality distribution, given the elasticity of the
elasticity of substitution o, 5, 10, and the estimates of Broda and Weinstein (2006)
during the period 2000-2007. To exclude the influence of outliers, I remove 0.1 per
cent of the lowest and the highest values.
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Figure 4.2: The distribution of the RCA index
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This figure shows the distribution of the Revealed Comparative Advantage (RCA)
index calculated at HS 6-digit level from 2000-2007. To exclude the influence of
outliers, I remove 1 per cent of the highest values.

Figure 4.3: Relative factor endowment of China compared to the rest of the world
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This figure describes how the relative factor endowment (RFE) of China compared
to the rest of the world changed during the period 2000-2007. The RFE is defined
as the relative ratio between physical capital and human capital per worker.
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Table 4.1: Matching results

Year Number of exporters Number of transactions

2000 13,462 97,863
2001 16,709 122,919
2002 20,007 158,049
2003 24,049 208,682
2004 26,669 75,792
2005 36,430 261,709
2006 43,681 258,914
2007 47117 281,222
Total 73,611 1,465,150

Notes: This table summarizes the matching results of two datasets
in the period 2000-2007.

Table 4.2: Summary statistics of key variables

Variable All exporters Exporters within =~ Exporters within =~ Mean difference
CA industries  Non-CA industries
Quality 5 0.000 0.005 -0.014 0.019
(5.794) (5.199) (7.081) (0.0911)
Quality_10 0.000 0.004 -0.009 0.013
(11.725) (10.373) (14.599) (0.5764)
Quality_o 0.000 0.007 -0.018 0.025
(4.926) (4.711) (5.431) (0.0095)
TFP 2.438 2.430 2.458 -0.028
(0.641) (0.624) (0.683) (0.0000)
Capital Intensity 10.555 10.344 11.089 -0.745
(1.316) (1.282) (1.247) (0.0000)
Employment 5.557 5.541 5.599 -0.058
(1.207) (1.150) (1.337) (0.0000)
WagePerWorker 9.612 9.552 9.764 -0.213
(0.655) (0.630) (0.691) (0.0000)
Observations 1,270,076 910,523 359,553 550,970
(% of total) (100%) (71.69%) (28.31%)

Notes: This table summarizes the variation in product quality (measured using different values of elasticity
of substitution, o), total factor productivity (TFP), capital intensity (the ratio of capital and labour), total
employment and wage bill per worker across industries with comparative advantage and industries with com-
parative disadvantage. Reported are the means of the variables in natural logarithm with standard deviations in
parentheses in the first three columns. Mean differences are reported with P-values of the t-test in parentheses
in the last column.
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Table 4.3: Effects of RCA on product quality (1)
Dependent variable In(quality)
oc=25 c=10 o =o0;
0 @ G @ @) ©

RCAp 0.339%#%  (0.204%FF  0.741%** 0.192* 0.141%#%F  (.234%%*

(0.018)  (0.038)  (0.037)  (0.078)  (0.016)  (0.039)
In(TFP) 0.133%F% (. 138%F*  0.261*%**  0.261***  0.033***  0.030***

(0.011)  (0.013)  (0.022)  (0.026)  (0.010)  (0.011)
In(Capital / Labour) 0.167F8F  0.206***  0.345%**  0.436*F¢  0.074***  0.088***

(0.006)  (0.006)  (0.011)  (0.012)  (0.006)  (0.006)
In(Employment) 0.143%F%  0.164%F*  0.320%**  0.370***  0.045***  0.052%**

(0.006)  (0.007)  (0.013)  (0.014)  (0.006)  (0.006)
In(WagePerWorker) 0.836%%% 0.902%**  2.029%*  2.190***  0.258%**  (.278%**

(0.012)  (0.012)  (0.025)  (0.025)  (0.011)  (0.012)
Product fixed effect No Yes No Yes No Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Observations 1,264,787 1,264,784 1,264,787 1,264,784 1,262,183 1,262,180
R-squared 0.013 0.014 0.017 0.019 0.002 0.002

Notes: This table examines the relationship between export quality and the RCA. For each firm-product-year
triplet, the dependent variable is the estimated quality, given the value of the elasticity of substitution o, 5, 10,
and the estimates of Broda and Weinstein (2006). RCAp is a dummy variable, and it equals 1 when China
does have a comparative advantage in the industry of producing product h in year ¢; otherwise, it takes a value
of 0. Firm-level control variables contain total factor productivity (TFP), capital intensity (the ratio of capital
and labour), total employment and average wage, all in log. All regressions include a constant term. Significant
at 1%, **5%, and *10%. Robust standard errors are corrected for clustering at the firm-product level in

parentheses.
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Table 4.4: Effects of RCA on product quality (2)
Dependent variable In(quality)
oc=25 oc=10 o =0;
1) ) G) @) ) (©)

RCAp 0.165%**  0.188***  (.151* 0.099 0.174%%*  (0.237***

(0.035) (0.035) (0.070) (0.069) (0.038) (0.029)
In(TFP) 0.189***  (0.222%**  (.305%**  0.287*** (.125%** (.185***

(0.019) (0.017) (0.038) (0.033) (0.016) (0.013)
In(Capital / Labour) 0.027*  0.076*%** 0.037*** 0.069***  0.020%  0.088***

(0.011) (0.009) (0.021) (0.018) (0.009) (0.008)
In(Employment) 0.128%** (.372%F*  (0.158%FF  (0.391***  0.103***  0.369***

(0.017) (0.015) (0.033) (0.029) (0.015) (0.013)
In(WagePerWorker) 0.066***  0.145%%*  0.075%*  0.164*** 0.061***  0.147***

(0.013) (0.012) (0.026) (0.022) (0.011) (0.010)
Product fixed effect Yes Yes Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Product&Firm fixed effect No Yes No Yes No Yes
Observations 1,256,879 848,962 1,256,879 848,962 1,254,269 847,246
R-squared 0.281 0.790 0.319 0.808 0.213 0.831

Notes: This table examines the relationship between export quality and the RCA. For each firm-product-year
triplet, the dependent variable is the estimated quality, given the value of the elasticity of substitution o, 5, 10, and
the estimates of Broda and Weinstein (2006). RC Ap is a dummy variable, and it equals 1 when China does have a
comparative advantage in the industry of producing product h in year t; otherwise, it takes a value of 0. Firm-level
control variables contain total factor productivity (TFP), capital intensity (the ratio of capital and labour), total
employment and average wage, all in log. All regressions include a constant term. Significant at ***1%, **5%,
and *10%. Robust standard errors are corrected for clustering at the firm-product level in parentheses.
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Table 4.5: Effects of RCA as a continuous variable on product quality

Dependent variable In(quality)
o=2>5 =10 o = 0;
M ) )
RCA 0.027**%*  0.016*** (0.029%**
(0.003) (0.005) (0.002)
In(TFP) 0.223*%** (.288*** (.186***
(0.017) (0.033) (0.013)
In(Capital /| Labour) 0.07744% 0.069***  0.087***
(0.009) (0.018) (0.008)
In(Employment) 0.371FFF  0.391***  (.368***
(0.015) (0.029) (0.013)
In(WagePerW orker) 0.145%%* (0.163%#*  (.147%**
(0.012)  (0.022)  (0.010)
Product fixed effect Yes Yes Yes
Firm fixed effect Yes Yes Yes
Year fixed effect Yes Yes Yes
Product&Firm fixed effect Yes Yes Yes
Observations 848,962 848,962 847,246
R-squared 0.790 0.808 0.831

Notes: This table examines the relationship between export quality and
the RCA index. For each firm-product-year triplet, the dependent vari-
able is the estimated quality, given the value of the elasticity of substi-

tution o, 5, 10, and the estimates of Broda and Weinstein (2006). RCA
Ent/TE;

is calculated according to the formula: RC Ay, = Funi TEGE
and F,ns respectively denote the export value in the industry of pro-
ducing product h in year t of China and the rest of world, TE is the
total export value. Firm-level control variables contain total factor pro-
ductivity (TFP), capital intensity (the ratio of capital and labour), total
employment and average wage, all in log. All regressions include a con-
stant term, product fixed effects, firm fixed effects, year fixed effects and
product-firm fixed effects. Significant at ***1%, **5%, and *10%. Ro-
bust standard errors are corrected for clustering at the firm-product level
in parentheses.

where Ej;
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Table 4.6: Effects of the lag of RCA on product quality

Dependent variable In(quality)
o=2>5 oc=10 o =o0;
(1) (2) (3) (4) (5) (6)
Lag RCAp 0.126%* 0.095 0.094*
(0.048) (0.095) (0.038)
Lag RC' A 0.012%** -0.002 0.017*%*
(0.003) (0.006) (0.004)
In(TFP) 0.205%**%  0.206*** 0.264*** 0.264*** 0.170*** 0.170***
(0.023) (0.023) (0.044) (0.044) (0.018) (0.018)
In(Capital / Labour) 0.051%4% 0.051***  0.048 0.048  0.058%** 0.059%**
(0.013) (0.013) (0.025) (0.025) (0.012) (0.012)
In(Employment) 0.373*** 0.372%%% (.393*** (.394%** 0.358%** (.356%**
(0.022) (0.022) (0.040) (0.040) (0.017) (0.017)
In(WagePerWorker) 0.166***  0.166™** 0.200%** (0.200%** 0.159*%** (.158%**
(0.016) (0.016) (0.029) (0.029) (0.013) (0.013)
Product fixed effect Yes Yes Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Product&Firm fixed effect Yes Yes Yes Yes Yes Yes
Observations 356,817 356,817 356,817 356,817 356,227 356,227
R-squared 0.833 0.833 0.849 0.849 0.865 0.865

Notes: This table examines the relationship between export quality and the lagged RCA. For each firm-product-

year triplet, the dependent variable is the estimated quality, given the value of the elasticity of substitution o,
5, 10, and the estimates of Broda and Weinstein (2006). Lag RC Ap is the lag of the dummy variable, RC Ay,
which equals 1 when China does have a comparative advantage in the industry of producing product h in year
t; otherwise, it takes a value of 0. Lag RCA is the lag of RCA, which is calculated according to the formula:
RCA, = % where Ej; and E,p; respectively denote the export value in the industry of producing
product A in year ¢ of China and the rest of world, T'F is the total export value. Firm-level control variables
contain total factor productivity (TFP), capital intensity (the ratio of capital and labour), total employment
and average wage, all in log. All regressions include a constant term, product fixed effects, firm fixed effects,
year fixed effects and product-firm fixed effects. Significant at ***1%, **5%, and *10%. Robust standard errors
are corrected for clustering at the firm-product level in parentheses.
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Table 4.7: Results of using RFE as an IV for RCA

Dependent variable In(quality)
oc=25 c=10 o =o0;
M 2 G)
RCA 0.457*%*  1.251%**  _0.080*
(0.060) (0.119) (0.046)
In(TFP) 0.203***  (0.252%**  (.165***
(0.017) (0.033) (0.012)
In(Capital / Labour) 0.062%**  0.042*%F  0.072%**
(0.009) (0.019) (0.008)
In(Employment) 0.279%F%  (.170%FF  (.338%**
(0.014)  (0.028)  (0.011)
In(WagePerWorker) 0.062***  -0.025 0.115%%*
(0.011) (0.022) (0.009)
Product fixed effect Yes Yes Yes
Firm fixed effect Yes Yes Yes
Product&Firm fixed effect Yes Yes Yes

Kleibergen-Paap rk LM x? statistic =~ 1827.4737 1827.473" 1815.473"
Kleibergen-Paap rk Wald F statistic 1202.9827 1202.9827 1195.2517
Observations 848,962 848,962 847,246
Prob > F 0.000 0.000 0.000

Notes: This table examines the relationship between export quality and the RCA index
by using RFE as an instrument variable. The dependent variable is the estimated quality,
given the value of the elasticity of substitution o, 5, 10, and the estimates of Broda and
Weinstein (2006). The RFE denotes the relative physical capital over the human capital
of China compared to the rest of the world, in log. RCA is calculated according to the
formula: RCAp; = % where Fp; and E,p; respectively denote the export value
in the industry of producing product h in year ¢ of China and the rest of world, TFE is the
total export value. Firm-level control variables contain total factor productivity (TFP),
capital intensity (the ratio of capital and labour), total employment and average wage,
all in log. All regressions include product fixed effects, firm fixed effects and product-
firm fixed effects. Significant at ***1%, **5%, and *10%. ' indicates significance at
the 0.01 per cent level (p-values< 0.00001). Robust standard errors are corrected for
clustering at the firm-product level in parentheses.
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Table 4.8: Results of first stage regression of RCA using RFE as an IV

Dependent variable RCA
(1) (2) (3)
In(RFE) C0.2367F  0.2367FF  -0.236%
(0.007) (0.007) (0.007)
In(TFP) 0.076%FF  L0.076*FF 0,077
(0.009) (0.009) (0.009)
In(Capital/ Labour) — -0.051%** -0.051%** -0.051%**
(0.006) (0.006) (0.006)
In(Employment) -0.042%** -0.042%** 0.043%*%
(0.008) (0.008) (0.008)
In(WagePerWorker) -0.058%** -0.058%** 0.059%+%
(0.006) (0.006) (0.006)
Observations 848,962 848,962 847,246
Prob > F 0.000 0.000 0.000

Notes: This table shows the results of the first stage regression of RCA
when exploring the relationship between export quality and the RCA by
using RFE as an instrument variable. The RFE denotes the relative phys-
ical capital over human capital compared to the rest of the world, in log.
RCA indicates China’s relative ability to produce goods in one industry
compared to the rest of the world. Firm-level control variables contain total
factor productivity (TFP), capital intensity (the ratio of capital and labour),
total employment and average wage, all in log. Significant at ***1%, **5%,
and *10%. Robust standard errors are corrected for clustering at the firm-
product level in parentheses.
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Table 4.9: Results of regressions by quartiles of RCA (1)

Dependent variable In(quality) (o = 5)
) 2) NG
RCA 0.517%**  (0.139%**  0.030** 0.001
(0.060)  (0.025)  (0.010)  (0.001)
In(TFP) 0.082%#F%  0.097***  0.269*** (.073%**

(0.019)  (0.016)  (0.015)  (0.014)
In(Capital / Labour) — 0.245%** (.0223*** (.193%** 0.068***
(0.011)  (0.009)  (0.007)  (0.007)
In(Employment) 0.065%4%  0.094%*FF  (.216%** (.221%**
(0.010)  (0.009)  (0.008)  (0.008)
In(WagePerWorker) 1.044%%%  0.915%8%  (0.780%** (.54 1%**
(0.021)  (0.019)  (0.016)  (0.015)

Year fixed effect Yes Yes Yes Yes
Observations 316,137 316,341 316,265 316,044
R-squared 0.015 0.015 0.016 0.008
chi2( 3) 118.51 118.51 118.51 118.51
Prob > chi2 0.000 0.000 0.000 0.000

Notes: This table examines the relationship between export quality and the RCA
index across the RCA distribution. For each firm-product-year triplet, the depen-
dent variable is the estimated quality, given the value of the elasticity of substitu-
tion equals 5. RCA is calculated according to the formula: RC Ay, = %
where Ejp; and F,p: respectively denote the export value in the industry of pro-
ducing product h in year ¢ of China and the rest of world, TF is the total export
value. Spilt the regressions by quartiles of the RCA. Firm-level control variables
contain total factor productivity (TFP), capital intensity (the ratio of capital and
labour), total employment and average wage, all in log. All regressions include a
constant term and year fixed effects. Significant at ***1%, **5%, and *10%. It
also reports the results of a chi2 test of the difference between coefficients on the
RCA.
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Table 4.10: Results of regressions by quartiles of RCA (2)

Dependent variable In(quality) (¢ = 10)
G I ¢ N € N
RCA 0.999%**  (.318%#* (.Q72%** 0.003
(0.123)  (0.051)  (0.019)  (0.002)
In(TFP) -0.021  0.232%**  0.597***  ().285%**

(0.039)  (0.033)  (0.020)  (0.028)
In(Capital / Labour) — 0.446*%% 0.445%%*F  0.418**  (.194***
(0.023)  (0.019)  (0.015)  (0.013)
In(Employment) 0.256%*%  (0.268***  (.3741F€  (.366%**
(0.020)  (0.018)  (0.016)  (0.015)
In(WagePerWorker) 2.518%** 2.306%%* 1.863*** 1.272%**
(0.043)  (0.038)  (0.032)  (0.029)

Year fixed effect Yes Yes Yes Yes
Observations 316,137 316,341 316,265 316,044
R-squared 0.018 0.020 0.020 0.010
Chi2( 3) 121.89 121.89 121.89 121.89
Prob > chi2 0.000 0.000 0.000 0.000

Notes: This table examines the relationship between export quality and the
RCA index across the RCA distribution. For each firm-product-year triplet, the
dependent variable is the estimated quality, given that the elasticity of substitu-
tion equals 10. RCA is calculated according to the formula: RC Ay, = %
where Ey; and Eyp: respectively denote the export value in the industry of pro-
ducing product h in year ¢ of China and the rest of world, TE is the total export
value. Spilt the regressions by quartiles of the RCA. Firm-level control variables
contain total factor productivity (TFP), capital intensity (the ratio of capital and
labour), total employment and average wage, all in log. All regressions include
a constant term and year fixed effects. Significant at ***1%, **5%, and *10%.
It also reports the results of a chi2 test of the difference between coefficients on
the RCA.
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Table 4.11: Results of regressions by quartiles of RCA (3)

Dependent variable In(quality) (o = oy)
(1) (2) (3) (4)
RCA 0.235%**  0.060** -0.007 0.000
(0.046)  (0.020)  (0.011)  (0.001)
In(TFP) 0.L11%%  0.0002  0.027  -0.043%%*

(0.014)  (0.013)  (0.017)  (0.011)
In(Capital / Labour) 0.106***  0.098*** 0.107***  0.011*
(0.009)  (0.007)  (0.009)  (0.005)
In(Employment) -0.048%** 0.008  0.112%¥**  0.156%**
(0.007)  (0.007)  (0.009)  (0.006)
In(WagePerWorker) —0.286%%*  (0.237%%* (.311%**  (.203***
(0.016)  (0.015)  (0.019)  (0.011)

Year fixed effect Yes Yes Yes Yes
Observations 315,736 315,642 314,761 316,044
R-squared 0.003 0.002 0.002 0.004
chi2( 3) 36.54 36.54 36.54 36.54
Prob > chi2 0.000 0.000 0.000 0.000

Notes: This table examines the relationship between export quality and the RCA

index across the RCA distribution. For each firm-product-year triplet, the de-
pendent variable is the estimated quality, given the value of the elasticity of sub-
stitution using the estimates of Broda and Weinstein (2006). RCA is calculated
according to the formula: RCAy; = % where Fp; and E,p; respectively
denote the export value in the industry of producing product h in year ¢ of China
and the rest of world, T'FE is the total export value. Spilt the regressions by quartiles
of the RCA. Firm-level control variables contain total factor productivity (TFP),
capital intensity (the ratio of capital and labour), total employment and average
wage, all in log. All regressions include a constant term and year fixed effects.
Significant at ***1%, **5%, and *10%. It also reports the results of a chi2 test of
the difference between coefficients on the RCA.
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Table 4.12: Results of regressions by different destination groups

Dependent variable In(quality)
c=25 c=10 o =o0;
(1) @) ) @) ) ©)

RCA 0.027%F* (0.022%*F*  0.017*** 0.009 0.030%** (0.021***

(0.003) (0.005) (0.006) (0.010) (0.003) (0.005)
In(TFP) 0.180***  (0.293*** (0.201*** (0.424*** (.168*** (.217***

(0.021) (0.035) (0.040) (0.068) (0.016) (0.026)
In(Capital / Labour) 0.071*** 0.081*** 0.062***  0.065*  0.079*** 0.097***

(0.012) (0.017) (0.023) (0.033) (0.010) (0.013)
In(Employment) 0.364%H4%  0.384%**  (0.388***  (0.407*F**  (0.363*** (.373**F*

(0.019) (0.029) (0.036) (0.056) (0.017)  (0.0223)
In(WagePerWorker) 0.133%***  (0.133%%%  (0.153***  0.147**%* 0.131%**  (0.135%**

(0.015) (0.022) (0.028) (0.042) (0.013) (0.016)
Product fixed effect Yes Yes Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Product&Firm fixed effect Yes Yes Yes Yes Yes Yes
Observations 500,102 259,319 500,102 259,319 499,339 258,623
R-squared 0.789 0.829 0.807 0.844 0.825 0.882

Notes: This table examines the relationship between export quality and the RCA across OECD countries and
Non-OECD countries. Columns 1, 3, and 5 record the results for the OECD countries, while Columns 2, 4, and
6 record the results for the Non-OECD countries. For each firm-product-year triplet, the dependent variable
is the estimated quality, given the value of the elasticity of substitution ¢, 5, 10, and the estimates of Broda
and Weinstein (2006). RCA is calculated according to the formula: RC Ay = % where Ej; and Ep,
respectively denote the export value in the industry of producing product h in year ¢ of China and the rest
of world, TF is the total export value. Firm-level control variables contain total factor productivity (TFP),
capital intensity (the ratio of capital and labour), total employment and average wage, all in log. All regressions
include a constant term, product fixed effects, firm fixed effects, year fixed effects and product-firm fixed effects.
Significant at ***1%, **5%, and *10%. Robust standard errors are corrected for clustering at the firm-product
level in parentheses.
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Table 4.13: Results of regressions by firms with different export intensity

Dependent variable In(quality)
c=25 o=10 o =o0;
(1) ) ) @) ) (©)

RCA 0.024*** (0.035%**  0.018** 0.016 0.025%** (.03 7***

(0.003) (0.005) (0.006) (0.010) (0.003) (0.005)
In(TFP) 0.210***  0.276%** (0.253*** (.388*** (.168*** (.229***

(0.028) (0.033) (0.052) (0.064) (0.021) (0.024)
In(Capital /| Labour) 0.055%** 0.116***  0.024  0.126%** 0.070*** (.118***

(0.014) (0.019) (0.025) (0.038) (0.011) (0.016)
In(Employment) 0.3381F%  0.446%**  0.340%F*F  0.486%**  0.347***  (.426%**

(0.023) (0.030) (0.042) (0.058) (0.020) (0.025)
In(WagePerW orker) 0.165***  0.165%** 0.198*** (0.203*** 0.156*** 0.167***

(0.018) (0.022) (0.033) (0.043) (0.015) (0.021)
Product fixed effect Yes Yes Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Product&Firm fixed effect Yes Yes Yes Yes Yes Yes
Observations 347,651 318,223 347,651 318,223 347,223 317,371
R-squared 0.779 0.808 0.794 0.826 0.830 0.842

Notes: This table examines the relationship between export quality and the RCA across firms with high and low
export intensity. Columns 1, 3, and 5 record the results for the firms with high export intensity, while Columns
2, 4, and 6 record the results for the firms with low export intensity. For each firm-product-year triplet, the
dependent variable is the estimated quality, given the value of the elasticity of substitution o, 5, 10, and the
estimates of Broda and Weinstein (2006). RCA is calculated according to the formula: RCAp; = %
where Ep; and Eyp; respectively denote the export value in the industry of producing product h in year ¢ of
China and the rest of world, TE is the total export value. Firm-level control variables contain total factor
productivity (TFP), capital intensity (the ratio of capital and labour), total employment and average wage, all
in log. All regressions include a constant term, product fixed effects, firm fixed effects, year fixed effects and
product-firm fixed effects. Significant at ***1%, **5%, and *10%. Robust standard errors are corrected for

clustering at the firm-product level in parentheses.
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Table 4.14: Within-firm variations in effects of RCA on product quality

Dependent variable In(quality)
oc=25 =10 o= 0;
(1) (2) (3)
RCAp 0.192%** 0.124 0.228%**
(0.043) (0.084) (0.035)
In(TFP) 0.176%%%  0.221%%% (,152%%*
(0.024) (0.046) (0.017)
In(Capital / Labour) 0.081%**  (0.082**  (.094%**
(0.015) (0.028) (0.013)
In(Employment) 0.3427%6%  0.364%**  (.341%**
(0.023) (0.044) (0.019)
In(WagePerW orker) 0.101%***  0.103*** 0.106™**
(0.017) (0.033) (0.014)
Firm fixed effect Yes Yes Yes
Year fixed effect Yes Yes Yes
Product&Firm fixed effect Yes Yes Yes
Observations 469,760 469,760 468,498
R-squared 0.791 0.807 0.834

Notes: This table examines the relationship between export quality and

the RCA index. For each firm-product-year triplet, the dependent vari-
able is the estimated quality, given the value of the elasticity of substitu-
tion o, 5, 10, and the estimates of Broda and Weinstein (2006). RC Ap, is
a dummy variable, and it equals 1 when China does have a comparative
advantage in the industry of producing product h in year t; otherwise,
it takes a value of 0. Firm-level control variables contain total factor
productivity (TFP), capital intensity (the ratio of capital and labour),
total employment and average wage, all in log. All regressions include a
constant term, product fixed effects, firm fixed effects, year fixed effects
and product-firm fixed effects. Significant at ***1%, **5%, and *10%.
Robust standard errors are corrected for clustering at the firm-product
level in parentheses.
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Table 4.15: Effects of RCA on product quality with the alternative estimation of
TFP

Dependent variable In(quality)
c=25 oc=10 o =0;
(1) (2) (3) (4) (5) (6)
RCAp 0.188*** 0.099 0.237***
(0.035) (0.069) (0.029)
RCA 0.027*%* 0.016%** 0.029%***
(0.003) (0.005) (0.002)
In(TFP) 0.207***%  (0.208*** (.258*** (.259*** (.178*** (.179***
(0.016) (0.016) (0.031) (0.031) (0.013) (0.013)
In(Capital /| Labour) 0.073***  0.074*F*F  0.065%** 0.065%** 0.084*** (.085***
(0.009) (0.009) (0.018) (0.018) (0.008) (0.008)
In(Employment) 0.366***  0.365%** (0.384*** (.383*** (.363*** (.362***
(0.015) (0.015) (0.029) (0.029) (0.013) (0.013)
In(WagePerW orker) 0.145%%*  0.144%FF  0.164***  0.164***  0.146%F*  (0.146***
(0.012) (0.012) (0.022) (0.022) (0.010) (0.010)
Product fixed effect Yes Yes Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Product&Firm fixed effect Yes Yes Yes Yes Yes Yes
Observations 848,962 848,962 848,962 848,962 847,246 847,246
R-squared 0.790 0.790 0.808 0.808 0.831 0.831

Notes: This table examines the relationship between export quality and the RCA. For each firm-product-year
triplet, the dependent variable is the estimated quality, given the value of the elasticity of substitution o, 5, 10,
and the estimates of Broda and Weinstein (2006). RC'Ap is a dummy variable, and it equals 1 when China does
have a comparative advantage in the industry of producing product h in year ¢; otherwise, it takes a value of 0.
RCA is calculated according to the formula: RC Ay = % where Ej; and E,n; respectively denote the
export value in the industry of producing product h in year ¢ of China and the rest of world, TFE is the total
export value. Firm-level control variables contain total factor productivity (TFP) estimated by the method from
Wooldridge (2009), capital intensity (the ratio of capital and labour), total employment and average wage, all
in log. All regressions include a constant term, product fixed effects, firm fixed effects, year fixed effects and
product-firm fixed effects. Significant at ***1%, **5%, and *10%. Robust standard errors are corrected for

clustering at the firm-product level in parentheses.
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Table 4.16: Effects of RCA on product quality with the alternative estimation of
quality

Dependent variable In(quality)
M 2

RCAp 0.191%%*

(0.040)
RCA 0.025%+*

(0.002)

In(TFP) 0.181%¥%  (.181%%*

(0.014) (0.014)
In(Capital /| Labour) 0.066*** 0.067#+*

(0.008) (0.008)
In(Employment) 0.368%** 0.367%**

(0.013) (0.013)
In(WagePerWorker) 0.140%%* 0.139%#%

(0.009) (0.009)
Product fixed effect Yes Yes
Firm fixed effect Yes Yes
Year fixed effect Yes Yes
Product&Firm fixed effect Yes Yes
Observations 848,962 848,962
R-squared 0.738 0.738

Notes: This table examines the relationship between export quality
and the RCA, where the quality is estimated from our data using an IV
estimation. RCAp is a dummy variable, and it equals 1 when China
does have a comparative advantage in the industry of producing product
h in year t; otherwise, it takes a value of 0. RCA is calculated according

to the formula: RCAy; = % where Ej; and E,pn; respectively

denote the export value in the industry of producing product & in year
t of China and the rest of world, TE is the total export value. Firm-
level control variables contain total factor productivity (TFP), capital
intensity (the ratio of capital and labour), total employment and aver-
age wage, all in log. All regressions include a constant term, product
fixed effects, firm fixed effects, year fixed effects and product-firm fixed
effects. Significant at ***1%, **5%, and *10%. Robust standard errors
are corrected for clustering at the firm-product level in parentheses.
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Table 4.17: Results of using WTO as an IV for RCA

Dependent variable In(quality)
oc=25 c=10 o =o0;
M 2 G)
RCA 0.372%*¥*%  (0.691***  (.212%**
(0.032) (0.060) (0.028)
In(TFP) 0.196***  (0.208***  (.188***
(0.017) (0.033) (0.013)
In(Capital /| Labour) 0.0577#4% 0.010 0.089%**
(0.010) (0.018) (0.008)
In(Employment) 0.275%6%  (.145%#FF  (.352%%*
(0.015) (0.028) (0.012)
In(WagePerWorker) 0.057***  _0.061**  0.133***
(0.011) (0.021) (0.009)
Product fixed effect Yes Yes Yes
Firm fixed effect Yes Yes Yes
Product&Firm fixed effect Yes Yes Yes

Kleibergen-Paap rk LM y? statistic ~ 1588.7447 1588.744T 1596.873"
Kleibergen-Paap rk Wald F statistic 1539.6077  1539.607T 1547.754"
Observations 848,962 848,962 847,246
Prob > F 0.000 0.000 0.000

Notes: This table examines the relationship between export quality and the RCA index

by using WTO as an instrument variable. The dependent variable is the estimated
quality, given the value of the elasticity of substitution o, 5, 10, and the estimates of
Broda and Weinstein (2006). WTO is a dummy variable; it takes a value of 1 if the
observation is recorded after 2001; otherwise, it takes a value of 0. RCA is calculated
according to the formula: RC Ay, = % where Ep; and Ey,p; respectively denote
the export value in the industry of producing product A in year ¢ of China and the rest
of world, TF is the total export value. Firm-level control variables contain total factor
productivity (TFP), capital intensity (the ratio of capital and labour), total employment
and average wage, all in log. All regressions include product fixed effects, firm fixed
effects and product-firm fixed effects. Significant at ***1%, **5%, and *10%. T indicates
significance at the 0.01 per cent level (p-values< 0.00001). Robust standard errors are
corrected for clustering at the firm-product level in parentheses.
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Table 4.18: Results of first stage regression of RCA using WTO as an IV

Dependent variable RCA
(1) (2) (3)
WTO -0.541%%* -0.541%** -0.544%**
(0.014) (0.014) (0.014)
In(TFP) L0.030%H%  _0.030%FF_0,040%%*
(0.010) (0.010) (0.010)
In(Capital / Labour) — -0.032%** -0.032%** -0.032%**
(0.007) (0.007) (0.007)
In(Employment) 0.035%%*% 0.035%*% 0.034%*%
(0.010) (0.010) (0.011)
In(WagePerW orker) 0.002 0.002 0.001
(0.006) (0.006) (0.006)
Observations 848,962 848,962 847,246
Prob > F 0.000 0.000 0.000

Notes: This table shows the results of the first stage regression of RCA
when exploring the relationship between export quality and the RCA by
using WTO as an instrument variable. WTO is a dummy variable; it takes
a value of 1 if the observation is recorded after 2001; otherwise, it takes
a value of 0. RCA indicates China’s relative ability to produce goods in
one industry compared to the rest of the world. Firm-level control variables
contain total factor productivity (TFP), capital intensity (the ratio of capital
and labour), total employment and average wage, all in log. Significant at
***1%, **5%, and *10%. Robust standard errors are corrected for clustering

at the firm-product level in parentheses.
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Table 4.19: Results of balanced sample test

Dependent variable In(quality)
o=2>5 =10 o =o0;
(1) (2) (3) (4) (5) (6)
RCAp 0.256%** 0.214* 0.290***
(0.051) (0.099) (0.046)
RCA 0.023*** 0.007 0.025***
(0.004) (0.007) (0.003)
In(TFP) 0.131%**% (0.132*%** (.188*** (.189*** (.094*** (.095%***
(0.020) (0.020) (0.039) (0.039) (0.016) (0.016)
In(Capital / Labour) 0.071%F€ 0.071***  0.061 0.061  0.072%%F 0.073%**
(0.017) (0.017) (0.032) (0.032) (0.014) (0.014)
In(Employment) 0.404%*** 0.403%**  0.460%** (0.461*** 0.384*** (.383***
(0.025) (0.025) (0.048) (0.048) (0.022) (0.022)
In(WagePerW orker) 0.137%**  0.137%%%  0.165%**  (0.165%** 0.139*** (.139***
(0.019) (0.019) (0.036) (0.036) (0.017) (0.017)
Product fixed effect Yes Yes Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Product&Firm fixed effect Yes Yes Yes Yes Yes Yes
Observations 361,116 361,116 361,116 361,116 360,423 360,423
R-squared 0.759 0.759 0.778 0.778 0.790 0.790

Notes: This table examines the relationship between export quality and the RCA using the balanced sample
(all firms were active during the sample period). For each firm-product-year triplet, the dependent variable is
the estimated quality, given the value of the elasticity of substitution o, 5, 10, and the estimates of Broda and
Weinstein (2006). RCAp is a dummy variable, and it equals 1 when China does have a comparative advantage
in the industry of producing product h in year ¢; otherwise, it takes a value of 0. RCA is calculated according
to the formula: RCA;; = % where Ejy and E,,pn; respectively denote the export value in the industry
of producing product h in year ¢ of China and the rest of world, TFE is the total export value. Firm-level
control variables contain total factor productivity (TFP), capital intensity (the ratio of capital and labour),
total employment and average wage, all in log. All regressions include a constant term, product fixed effects,
firm fixed effects, year fixed effects and product-firm fixed effects. Significant at ***1%, **5%, and *10%. Robust
standard errors are corrected for clustering at the firm-product level in parentheses.

162



4.7. APPENDIX Chapter 4

Table 4.20: Effects of RCA on product quality with alternative construction of
RCAp

Dependent variable In(quality)
oc=25 =10 o= 0;
(1) (2) (3)
RCAp 0.279%** 0.137  0.353%**
(0.049) (0.095) (0.046)
In(TFP) 0.225%%%  (.202%%% (), 184%%*
(0.017) (0.033) (0.013)
In(Capital /| Labour) 0.079%#*%  0.075%**  0.088***
(0.009) (0.018) (0.008)
In(Employment) 0.374%% (0.395%**  ().372%**
(0.015) (0.029) (0.013)
In(WagePerW orker) 0.14196F  0.157***  (.145%**
(0.012)  (0.022)  (0.010)
Product fixed effect Yes Yes Yes
Firm fixed effect Yes Yes Yes
Year fixed effect Yes Yes Yes
Product&Firm fixed effect Yes Yes Yes
Observations 815,295 815,295 813,724
R-squared 0.791 0.810 0.833

Notes: This table examines the relationship between export quality
and the RCA. For each firm-product-year triplet, the dependent variable
is the estimated quality, given the value of the elasticity of substitution
o, 5, 10, and the estimates of Broda and Weinstein (2006). RCAp is
a dummy variable, and it equals 1 when the RCA index is above 1.1
and takes a value of 0 when the index is below 0.9. Firm-level control
variables contain total factor productivity (TFP), capital intensity (the
ratio of capital and labour), total employment and average wage, all in
log. All regressions include a constant term, product fixed effects, firm
fixed effects, year fixed effects and product-firm fixed effects. Significant
at ***1%, **5%, and *10%. Robust standard errors are corrected for
clustering at the firm-product level in parentheses.
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Conclusion

This thesis focuses on how firms’ investments in product quality differ across in-
dustries based on a country’s comparative advantage. Chapter 2 extends a stan-
dard 2x2x2 (two countries, two industries and two production factors) H-O model
with firm heterogeneity, allowing firms to choose product quality endogenously. It
concludes that the comparative advantage stems from different factor endowments
across countries and different factor intensities across industries. Firms would deter-
mine their product quality depending on the export status and the industry charac-
teristics. Chapter 3 further improves the theoretical model by allowing firms to use
different intermediate inputs within industries. This leads to more productive firms
producing higher-quality products using higher-quality (more expensive) intermedi-
ate inputs and commanding higher prices. However, it still holds all propositions
obtained in Chapter 2. In addition, it also reveals that a country’s comparative
advantage industry features a higher aggregate or average quality level. The last
chapter employs the panel data from China and provides empirical evidence showing
that Chinese exporters export higher-quality products in a comparative advantage
industry. Inspired by the theoretical model, it further addresses the endogeneity of

the comparative advantage using China’s WTO accession. The trade literature has
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overlooked the differences in product quality across industries. Thus, this thesis pro-
vides insights into how firms’ product quality varies across industries theoretically

and empirically.

5.1 Summary of Findings

In Chapter 2 and Chapter 3, both theoretical models draw several propositions
of firms’ quality choices. Exporters raise their product quality, and non-exporters
produce lower-quality products when the trade opens. Firms maximise profits by
choosing the optimal product quality. Thus, they compare the marginal cost and the
marginal benefit of upgrading quality and decide on their quality choice. In terms
of non-exporters who have no chance of benefiting from the expansion of markets,
they face more competitors in both industries, leading to lower demand for their
products and a lower marginal benefit of upgrading quality. Meantime they also
find an increase in the price of production factors contributing to a higher marginal
cost of upgrading quality. As a result, the enlarging difference between the marginal
cost and the marginal benefit makes them decide to lower the quality to survive.
Exporters face more competitors but simultaneously enjoy the expansion of markets.
The access to a larger market makes it profitable to produce goods with a higher
quality (a higher marginal cost but a much higher marginal benefit of upgrading
quality). Finally, they raise their quality choice to earn more profits in international
trade.

Furthermore, the quality choice made by firms differs across industries. In terms
of non-exporters that suffer from competition impact, they have to decrease quality.
The comparative advantage gives a higher expected entry profit to potential entrants
inducing more entrants and more competition. Non-exporters in comparative indus-

tries face a more significant increase in production costs and a greater decrease in
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profits (also a higher marginal cost and a lower benefit of upgrading quality). Hence,
they have to lower quality more to survive than non-exporters in other industries
conditional on productivity. Exporters suffer from increasing costs of production
and exporting, while access to the export market benefits them. The above proposi-
tions reveal that the impact of the expansion of markets overweighs the competition
impact. Furthermore, the comparative advantage makes the differential between
the two impacts even greater. As a result, exporters in the comparative advan-
tage industries find the differential between the increased marginal benefit and the
increased marginal cost of improving quality greater than exporters in other indus-
tries conditional on productivity. Therefore, exporters in the comparative advantage

industries choose relatively high quality to maximise profits.

In addition, Chapter 3 also reveals that the aggregate or average quality of ex-
porters in a comparative advantage industry is higher. When a country opens to
trade, it makes the average quality of industries higher for all industries. However,
the average quality of a comparative advantage industry is higher as firms within
this industry in this country can produce and sell products at relatively low costs
compared to their international competitors. More specifically, within a compara-
tive advantage industry, more firms with the least productivity will exit, and more
productive firms will choose to improve product quality and export, increasing the
aggregate quality more than those in a comparative disadvantage industry condi-
tional on productivity. Furthermore, this will outweigh the effect of lowered quality
of non-exporters contributing to a higher aggregate quality of a comparative advan-

tage industry.

Chapter 4 empirically tests one of the propositions using detailed transaction-
firm-level data from China. Based on the measurements of the product quality and

the comparative advantage, it provides supporting evidence showing that Chinese
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exporters export higher-quality products in China’s comparative advantage indus-
tries. Furthermore, it measures the relative factor endowment and the comparative
advantage and uses 25SLS to prove that the comparative advantage stems from dif-
ferences between the relative factor endowment. Finally, it proves the results robust
using alternative estimations of the total factor productivity (TFP), different esti-

mating quality, and different samples.

5.2 Implications, Limitations and Future Research

Improving productivity is always a key objective for policymakers. However, firms
use different strategies to increase value-added per worker, such as improving the
quality of their products. Since quality is reflected in the price consumers are willing
to pay for the products, increasing the firm’s product quality may generate substan-
tial welfare gains for consumers. This thesis supports the view that product quality
is important for international trade firms, industries, and countries. It theoretically
and empirically relates firms’ quality choice to a country’s comparative advantage
over industries stemming from its factor endowment. It reminds policymakers of
the importance of the relative endowment of production factors of one country in
international trade.

This thesis has some limitations. First, the empirical analysis can only test one
of the propositions drawn from the theoretical model limited by the data. With
access to more data, more supporting evidence for those novel propositions can be
derived in future work, which will make this research more complete. For the theory,
it can be interesting to incorporate firms’ ability to produce multiple goods in future

research to show trade patterns over the quality of multi-product firms.
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