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1 Introduction

How do different countries respond to intensified product market competition from
China? Are poorer countries affected more than richer economies? These are tra-
ditional questions with important implications. This paper documents that when
faced with heightened competition from China in the U.S. market, countries on av-
erage reduce their export prices, with poor countries lowering their export prices
relative to rich countries. This aligns with the conventional wisdom that competi-
tion from China induces a stronger inward shift in the residual demand that poor
countries face. The same inward shift in demand is expected to reduce quantities
exported by other countries on average, with poor countries reducing their export
quantities relative to rich economies.

Intriguingly, however, our empirical findings reveal a contrary pattern on the
quantity margin: in response to intensified competition from China, countries on av-
erage increase their export quantities, with poor countries raising their export quan-
tities relative to rich countries. To explain these empirical facts, we develop and esti-
mate a general equilibrium Ricardian model of international trade featuring Bertrand
competition and cross-country heterogeneity in the ability to produce high-quality
goods.

Using the U.S. import data at the most disaggregated level (i.e., 10-digit HS
codes), we first explore how other exporting countries to the U.S. market responded
to China’s penetration in the U.S. market after China joined the World Trade Organi-
zation (WTO) in 2001. Following the difference-in-difference identification strategy
proposed by Pierce and Schott (2016), we use variation in the gap between the most
favored nation (MFN, hereafter) and non-MFN tariff rates across product categories
to identify the effects of intensified competition from China on the responses of other

exporting countries to the U.S. market. The larger the initial gap in tariff rates, the



more uncertainty was eliminated for Chinese producers, leading to more entry by
China and thereby increasing competition (Handley and Limé&o, 2017). We interact
the difference-in-difference term by the GDP per capita of exporting countries to
document cross-country heterogeneous responses to intensified competition from
China in the U.S. market.

Figure 1 provides suggestive evidence on how rich and poor countries respond
differently to competition from China. Panel 1a graphs the average growth rate in
export prices (i.e., unit values) of products exported by different countries to the
U.S. market from 2000 to 2005 against the log difference between MFN and non-
MEN tariff rates in each two-digit HS sector. Panel 1b repeats the same exercise but
for export quantities. A general pattern that emerges on the price margin is that rich
countries responded less than poor countries in terms of export prices. Section 2 will
verify this pattern by employing a triple-difference identification strategy (in the
spirit of Pierce and Schott, 2016) controlling for various fixed effects. Our regression
results show that increasing the tariff gap from the 25th percentile of its distribution
(22.9%) to the 75th percentile (46.4%) causes export prices from Indonesia to fall by
0.074 log points more than prices from Germany (within the same HS10).

This empirical pattern can be explained by existing theories in different ways.
For example, in the spirit of Holmes and Stevens (2014), competition from China
mostly affects products originating from poor countries because they produce sim-
ilar, standardized goods. Hence, the market for products imported from rich coun-
tries would be affected less by Chinese competition, making these products less
responsive in terms of price adjustments. Alternatively, one can argue that China’s
import penetration makes competition in the U.S. market tougher for other export-
ing countries, leading competing firms to differentiate their products by catering to
domestic tastes or upgrading quality in order to escape competition (e.g., Khandel-

wal, 2010; Medina, 2017; Fieler and Harrison, 2018). If rich countries are more capa-
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Figure 1: Differential Response of Countries to Intensified Competition from China
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Notes: The horizontal axis measures the log difference between MFN and non-MFN tariff rates in
1999 averaged across HS8 product categories within each HS2. The vertical axes measure the average
growth in export prices (left) and quantities (right) from 2000 to 2005. Countries are categorized as
poor versus rich according to the median GDP per capita in our sample. Each circle corresponds to
an HS2 sector with its size being proportional to the number of observations in that sector.

ble of differentiating their products or quality upgrading, they would more easily
escape the competition without reducing their market prices.

These explanations imply that poor countries are more impacted by Chinese
competition, and hence the residual demand curve that firms from these countries
face shifts inward to a greater extent, which explains why their prices fall relative
to rich economies. Based on these explanations, this inward shift in the residual
demand would imply that not only prices but also quantities exported to the U.S.
by poor countries should fall relative to those by rich economies. In other words, a
shift in the residual demand curve would imply that prices and quantities move in
the same direction.

An examination of the average growth of quantities exported to the U.S. in Fig-
ure 1b, however, reveals an intriguing observation: rich countries reduce their export
quantities to the U.S. market relative to poor countries after facing competition from
China. Section 2 confirms this pattern by employing a triple-difference identifica-

tion strategy. Our results show that moving from the 25th to 75th percentile of the

tariff gap distribution, quantities exported from Germany to the U.S. decreased by
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0.383 log points relative to those exported by Indonesia. This is in contrast with the
existing theories emphasizing either that rich countries are less affected by compe-
tition from China because of the type of goods they produce or that rich countries
can escape the competition more easily.

To rationalize these empirical facts, we develop a general equilibrium model
of international trade. Specifically, we introduce cross-country heterogeneity in
the ability to produce high-quality goods into the seminal work by Bernard et al.
(2003) (BEJK, henceforth). The model therefore features tractably two-dimensional
Bertrand competition on both margins of price and quality. In the model, countries
are heterogeneous in two aspects: their physical efficiency, reflecting the amount of
output that a country can make using a bundle of inputs, and their quality capabil-
ity, reflecting the ability of a country to produce high-quality products. We show
that having both aspects of heterogeneity is important to rationalize the empirical
facts. Firms choose both the price and quality of their outputs when they sell in a
destination market. Firms engage in head-to-head competition with each other in
the sense that the firm that can provide the lowest quality-adjusted price will be the
only seller of a given product in that market.

Using data on gravity variables, bilateral trade flows, and the average export
price of countries in the year 2000, we estimate the model and back out country-level
physical efficiency and quality capability simultaneously. Our estimated model in-
dicates that rich countries are not only more efficient in physical production but also
more capable of producing high-quality goods. We employ our estimated model to
simulate the effects of China’s intensified competition in the U.S. economy. We show
that our model is able to produce the heterogeneous response on price and quantity
margins of richer versus poorer countries to this intensified competition, whereas a
nested model without quality adjustment is not able to do so. We further demon-

strate that the quality upgrading channel plays a quantitatively significant role in
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explaining these empirical facts.

Through the lens of our model, firms adjust both price and quality in response
to product market competition. Since firms from poorer countries are less capable
of producing high-quality products, in order to survive in the market, they mainly
respond to head-to-head intensified competition by cutting export prices, which re-
sults in increased export quantities, rather than upgrading quality. As a result, in
response to competition from China, export prices from poorer countries fall rel-
ative to richer economies, whereas the opposite is true for export quantities. We
note that employing a BEJK-type framework is crucial for rationalizing our empir-
ical facts, whereas most Melitz (2003)-Chaney (2008)-type models in this literature
would not be fully consistent with our documented facts. To elaborate, within the
Melitz-Chaney class of models, intensified product market competition operates by
reducing the (industry- or country-level) price index in the U.S., thus leading to an
inward shift in the residual demand faced by other countries. This shift in the de-
mand curve would imply that export prices and quantities would move in the same
direction. In this paper, however, the head-to-head nature of competition would
induce a firm to reduce its price and increase its quantity in order to survive in
the market, implying that prices and quantities move in the opposite direction in
response to product market competition.'

In addition to the head-to-head competition, the main mechanism in the model
that enables us to explain our empirical findings is that in response to intensified
competition from China in the U.S. market, firms from other countries increase the
quality of their exports to the U.S., with rich countries raising their quality relative to
poor countries. We directly test and confirm this mechanism in the data by estimat-

ing the quality of all products exported to the U.S. following Khandelwal (2010)’s

'Notice that an alternative framework along the lines of Atkeson and Burstein (2008) and Ed-
mond, Midrigan and Xu (2015) with a large enough lower-tier elasticity would be very similar to
BEJK and would therefore be able to rationalize our empirical facts.
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methodology.

Related Literature. This paper is related to two broad strands in the literature
studying the effects of import competition. The first strand considers the response
to competition on prices and markups and shows that import competition leads to
tirms losing their market share and thus reducing their prices and markups. This
fact has been theoretically rationalized with different market structures (Melitz and
Ottaviano, 2008; De Blas and Russ, 2015; Arkolakis et al., 2019) and verified quanti-
tatively by several firm-level studies (see, e.g., Levinsohn, 1993; Krishna and Mitra,
1998; Edmond, Midrigan and Xu, 2015; Brandt et al., 2017; Feenstra and Weinstein,
2017; Hsu, Lu and Wu, 2017; Firooz, 2022).

The second strand investigates the impact of import competition on the inno-
vation activity of firms or quality upgrading. Theoretical models on this margin
of response stem from the pioneering studies by Sutton (1989, 1991), Boone (2000),
and Aghion et al. (2005). Several studies examine the effect of international trade
on either general innovation activity or the technological progress of firms (see,
e.g., Bertschek, 1995; Bustos, 2011; Hombert and Matray, 2015; Bloom, Draca and
Van Reenen, 2016; Autor et al., 2017; Aghion et al., 2018), or, more specifically, on the
quality-upgrading behavior of firms (see, e.g., Verhoogen, 2008; Amiti and Khandel-
wal, 2013; Fernandes and Paunov, 2013; Smeets, Traiberman and Warzynski, 2016;
Medina, 2017; Heins, 2019).

Our contribution to this literature is threefold. First, while most studies in this
literature focus on a single country, we document a new empirical pattern that in re-
sponse to Chinese competition in the U.S., poor countries reduce their export prices
relative to rich countries, whereas the opposite is true for export quantities. Second,
we develop a two-dimensional Bertrand competition framework featuring margins

of adjustment on both price and quality to show how cross-country heterogeneity



in quality-upgrading capability can rationalize these facts. As mentioned above,
the head-to-head nature of Bertrand competition is important for rationalizing our
empirical findings. Lastly, we show that the quality upgrading channel is quantita-
tively important in explaining the empirical facts.

Within the narrower part of this literature that focuses on the effect of global-
ization on quality upgrading, there are three groups of studies that consider dif-
ferent channels through which globalization triggers quality upgrading. The first
group (e.g., Fan, Li and Yeaple, 2015; Bas and Strauss-Kahn, 2015; Eslava, Fieler
and Xu, 2018) shows that globalization reduces the price of high-quality inputs and
thus makes it more profitable for firms to produce high-quality outputs. The sec-
ond group (e.g., Bustos, 2011; Antoniades, 2015; Eslava, Fieler and Xu, 2018) focuses
on the role of economies of scale for quality enhancement: international trade en-
larges the market in which firms can sell their products, and hence the expanded
revenue justifies paying the fixed costs of quality improvements. The third group
(e.g., Medina, 2017; Bloom et al., 2018) focuses on factor reallocation within firms:
import competition decreases the return to fixed factors that cannot be adjusted in-
stantaneously, and therefore firms reassign these factors to produce products that
are differentiated from imported products in an attempt to escape competition.

In this paper, quality improvement is due to neither cheaper intermediates nor
the interaction of fixed costs and market size. It is rather due to the direct effect of
competition in the output market. In fact, firms engage in head-to-head competition
with foreign firms, which forces incumbent firms to increase quality in order to sur-
vive. Firms, therefore, provide higher-quality products in the same market in which
competition is intensified, rather than redirecting their sales toward other markets
(as in, e.g., Medina, 2017).

This paper is also related to the literature on cross-country differences in the

quality of products that countries produce. In many studies, the well-known fact
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that rich countries charge higher prices for their exports is attributed to the quality
of their products. Rich countries endogenously produce higher-quality products ei-
ther because of their geographic proximity to the markets demanding high-quality
goods (e.g., Hallak, 2006), which is known as the “Linder hypothesis,” or because
they are more productive in producing high-quality goods (e.g., Feenstra and Ro-
malis, 2014). Our paper departs from the standard tradition in the literature and
differentiates between physical productivity and quality productivity. In this sense,
our model is similar to Hallak and Sivadasan (2013), who consider two types of
productivity for firms: process productivity (i.e., the ability of a firm to transform
input to physical units of output) and product productivity (i.e., the ability of a firm
to produce high-quality goods). Our paper also distinguishes between these two
types of productivity but at the country level. We show that distinguishing between
physical and quality productivity is crucial in capturing differential responses of

countries to Chinese competition.

2 Empirical Regularities

This section presents the empirical facts. We document that in response to inten-
sified competition from China in the U.S. market, poor countries reduce their ex-
port prices relative to rich countries, which is consistent with conventional wisdom.
However, we show that the exact opposite pattern holds for export quantities. Sev-
eral robustness exercises confirm these empirical regularities.

To assess the heterogeneous response of countries to intensified competition, we
use China’s accession to the WTO as a quasi-natural experiment. The Tariff Act of
1930 made the U.S. imports from non-market economies (including China) subject
to high tariff rates known as “non-MFN” or “column 2” rates. The Trade Act of

1974, however, allowed the U.S. president, conditional on congressional approval,
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to temporarily extend low tariff rates, known as “MFN" or “column 1” rates, on Chi-
nese products on an annual basis. From 1980 until 2002, the U.S. government kept
approving low MEN tariff rates for China, but the problem was that this approval
had to be certified by Congress every year, a process that was politically uncertain.
Consequently, the uncertainty of this process deterred Chinese firms from incurring
the cost of entry into the U.S. market. In 2002 and after China joined the WTO, the
U.S. Congress passed a bill and granted permanent MEN rates to China. With this
uncertainty removed, China’s exports to the U.S. market surged.

To identify the effects of Chinese intensified competition in the U.S., we follow
Pierce and Schott (2016) and use the cross-product variation in the gap between
MEN and non-MEN tariff rates. The gap between MFN and non-MFN rates can
serve as an indicator of the size of the barriers that Chinese firms faced before China
joined the WTO. The greater the gap, the more uncertainty that has been eliminated,
and therefore more Chinese firms would be expected to enter the U.S. market after
permanent MFEN rates were granted (Handley and Liméao, 2017). Labeling the U.S.
as the destination market, we examine the rise in Chinese penetration after 2002 to
explore how other exporting countries to the U.S. reacted to this intensified compe-
tition.

We use the U.S. import data from the U.S. Census Bureau and as prepared by
Schott (2008) to measure the annual value and physical quantity of 10-digit HS prod-
uct categories that are exported by all countries to the U.S. from 1992 to 2005. There
are 197 distinct countries in the data. We denote the value, quantity, and unit value
(price, hereafter) of 10-digit HS product i exported by country c to the U.S. at time
t as Vent, Tent, and peye, respectively.? The variables v.,; and z.,; are directly recorded

in the data, and we construct the price data by dividing the value by the quantity:

2In order to reduce measurement error, we drop all observations with a total value of imports less
than $7,500 in 1989 dollars.



Peht = Veht/Tene- The gap between the two tariff schedules (tariff gap, hereafter) is
defined as

Gapy = Non M FN Rate, — M FN Rate, , (1)

where g stands for eight-digit HS product categories. We use ad valorem equivalents
of MFN and non-MEFN tariff rates in 1999 from Feenstra, Romalis and Schott (2002).
Table C.1 presents the summary statistics.

We employ the following triple-difference specification to measure the cross-

country heterogeneous impact of intensified competition from China:

Inpep: = Dt2002 XGapgny+az In GDP, x DEOOQ XGapgny+Den+Detecn, ¢ # China,

(2)
where ¢ denotes exporting countries to the U.S. (except China),  denotes 10-digit
HS product categories, and ¢ is time. The dummy variable D?°? takes the value of 1
for years t > 2002 and 0 otherwise, Gapy ) is the gap between MFN and non-MFN
tariff rates in eight-digit HS category ¢ (in which product h lies), GDF, is the GDP
per capita for exporting country c in 2001, and D,;, and D, are country-product and
country-time fixed effects, respectively.’

Table 1 reports different specifications that we run for regression (2). Column 1 is
the baseline specification in which we do not include the triple-difference term. This
baseline specification investigates how competition from China affects the pricing
decisions of other exporting countries on average. The specification in column 2
allows for cross-country heterogeneity by introducing a triple-difference term that
interacts the DID term D7% x Gapy,) with the log GDP per capita of the exporting

country. The main coefficient of interest is the triple-difference coefficient a,, which

3Including detailed HS10-country fixed effects helps us deal with that different products may
have different units. In the years that quantity units are available in Schott (2008)’s data, while
quantity units may differ across countries (still not rare at the HS10 level), the units remain consistent
within HS10-country pairs over time.
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Table 1: The Effects of China’s Accession to the WTO

In Dcht In Dcht In Lcht In Lcht
D002 Gapy(n) -0.099*** -0.212%** 0.066"** 0.888***
’ (0.008) (0.048) (0.017) (0.111)
InGDP, x D?°9? x Gapgn) 0.012** -0.091+**
(0.006) (0.012)
Observations 1,704,760 1,702,241 1,704,760 1,702,241
R? 0.92 0.92 0.87 0.87

Notes: This table reports the effect of intensified competition from China on the price and quan-
tity of products exported to the U.S. by all countries except China. The left-hand side variables in
columns 1-2 and 3-4 are the log unit value and the log quantity of products imported by the U.S.,
respectively. Right-hand side variables are the interaction of tariff gap and post-2002 dummy, and
the triple interaction of tariff gap, post-2002 dummy, and log of the exporting country’s GDP per
capita in 2001. Data cover 1992 to 2005. All columns include countryxproduct and country xyear
fixed effects. Standard errors are clustered at the country x product level and reported in parentheses.
“p < 0.01 **p < 0.05 *p < 0.1
captures the cross-country heterogeneous effect of Chinese competition on export
prices to the U.S. market. We use GDP per capita as an indicator of the country’s
economic development. In all specifications, we include country-product as well
as country-time fixed effects. Country-product fixed effects D, control for the fact
that different countries self-select to export different types of products to the U.S.
and also to control for different measurement units. Moreover, country-time fixed
effects D, control for aggregate shocks that hit country c in year ¢.
We first show in Table C.2 that, as expected, Chinese penetration in the U.S.

market after its accession to the WTO increases more for products with larger tariff

gaps. We now present the main empirical regularities.

Fact 1. In response to competition from China, poor countries reduce their export prices

relative to rich countries.

We document in column 1 of Table 1 that, on average, countries exporting to the
U.S. respond to competition from China by cutting their prices. The DID coefficient
is negative and highly significant, indicating that, on average, countries exporting

product categories with a higher tariff gap tend to reduce their export prices in re-
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sponse to China’s easier access to the U.S. market. To put the magnitude of the
coefficient into context, prices of products that experienced a tariff gap removal of
0.464 (the 75th percentile of the tariff gap distribution) fall by 0.023 log points (=0.099
x (0.464-0.229)) relative to the products associated with 0.229 gap removal (the 25th
percentile of the gap distribution).

Furthermore, column 2 of Table 1 shows that the response of export prices to
Chinese competition documented above is quite heterogeneous across countries. In
fact, the coefficient of the triple-difference term log GDP. x D% x Gapy) is pos-
itive and significant, indicating that in response to competition from China, poor
countries reduce their export prices relative to rich countries. The triple-difference
coefficient is also economically significant: moving from the 25th to the 75th per-
centile of the tariff gap distribution leads to a fall in export prices from Indonesia to
the U.S. of 0.074 log points more than those from Germany.*

This cross-country heterogeneous response in export prices to Chinese competi-
tion can be explained by the existing theories in the literature in at least two ways.
First, one can rationalize this fact in the spirit of Holmes and Stevens (2014) by ar-
guing that Chinese firms and those from poor countries produce similar, standard-
ized products, whereas products exported by rich countries are more differentiated.
This would imply that poor countries are more subject to competition from China
and need to reduce their prices more than rich countries. Second, incumbent firms
facing increased competition from China try to escape competition by differentiat-
ing their products or by quality upgrading (Khandelwal, 2010; Medina, 2017; Fieler
and Harrison, 2018). If rich countries are more capable of differentiating their prod-

ucts or quality upgrading, they can more easily escape the competition compared to

*We note that the difference-in-difference and triple-difference coefficients capture the effects of
one group relative to another one, not the absolute effects on prices. In particular, the difference-in-
difference coefficient captures the response of prices for products with higher tariff gaps relative to
those with lower tariff gaps, and the triple-difference coefficient identifies the differential effects on
richer economies relative to poorer countries.
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poor countries, and they are therefore affected less by Chinese competition.

These theories imply that poor countries are more impacted by Chinese com-
petition either because they are more subject to competition from China as a result
of the type of products they produce or because they are less able to differentiate
their products or upgrade quality in order to escape competition. As a result, the
residual demand curve that firms in poor countries face shifts inward to a greater
extent compared to rich countries, which explains why their prices fall relative to
rich economies. Based on these explanations, this inward shift in the demand curve
would imply that not only prices but also quantities exported to the U.S. by poor
countries should fall relative to those by rich economies. In other words, a shift in
the residual demand curve would imply that prices and quantities move in the same
direction.

Surprisingly, however, our next empirical fact documents that the exact opposite

is true on the quantity margin.

Fact 2. In response to competition from China, rich countries reduce their export quantities

relative to poor countries.

To establish this fact, we run the same regression 2, but we replace export prices
pent With export quantities z.,;. The last two columns in Table 1 present the results.
Column 3 of this table shows that countries exporting to the U.S. on average respond
to competition from China by increasing their export quantities. The difference-in-
difference coefficient is positive and highly significant, indicating that, on average,
countries exporting products with a higher tariff gap tend to increase their export
quantities in response to China’s easier access to the U.S. market. To put the mag-
nitude of the coefficient into context, export quantities of products that experienced
a tariff gap removal of 0.464 (the 75th percentile of the tariff gap distribution) rise
by 0.016 log points (=0.066 x (0.464-0.229)) relative to the products associated with
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0.229 gap removal (the 25th percentile of the gap distribution).

Interestingly, the last column of Table 1 indicates that in contrast to Fact 1, rich
countries reduce their export quantities relative to poor countries in response to com-
petition from China: moving from the 25th to the 75th percentile of the tariff gap dis-
tribution, shipments from Germany to the U.S. decreased by 0.383 log points relative
to those from Indonesia.

To reconcile these two empirical facts, Section 3 develops a Ricardian model of
international trade with Bertrand competition and endogenous choice of quality in
which firms react to tougher competition on both price and quality margins simul-
taneously. The main mechanism in the model that reconciles these two evidence is
that, in response to intensified competition from China, rich countries increase the
quality of their products relative to poor countries. We will also empirically support
this mechanism by estimating the quality of exported products to the U.S. following
Khandelwal (2010)’s methodology.

2.1 Robustness and Additional Results

We perform several robustness exercises explained briefly in what follows.

Pre-trends, U.S. duties, export reallocation, and changes in competition. Ap-
pendix A.1 performs four robustness exercises. We show that i) all effects relative to a
potential pre-trend are both qualitatively and quantitatively very similar to what we
documented in this section, suggesting that pre-trends are not deriving our results;
ii) the results are not driven by changes in duties imposed by the U.S. on different
origin countries; iii) an alternative story that rich countries might be more capable
than poor countries in reallocating their exports to other destinations does not find
support in the data; and iv) our results are robust to controlling for the Herfind-

ahl index as a proxy for industry-level competition among exporters from a given
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origin.

The U.S. regional trade agreements (RTAs). The U.S. has signed several RTAs
with different countries over time. These RTAs might contaminate the effects we
identified in this section to the extent that they correlate with tariff gaps. Appendix A.2
explores the universe of U.S. RTAs, identifies the ones that fall within our sample
period, drops these countries from the sample, and shows that our results are not

driven by these countries.

The case of Vietnam'’s accession to the WTO. The case of Vietham’s accession to
the WTO was similar to that of China, but with a different timing: The U.S. and
Vietnam signed a bilateral trade agreement in 2001 which granted conditional ac-
cess to MFN rates to Vietnam, subject to annual approval by the congress. Later, in
December 2006, Vietnam joined the WTO and accessed the MFN rates permanently.
Appendix A.3 shows that patterns similar to what we documented in this section

also hold around the time that Vietnam joined the WTO.

Imported inputs from China. A potential explanation for the empirical patterns
documented in this section is that countries get access to cheaper imported inputs
from China after its accession to the WTO. If this channel is stronger for poor coun-
tries compared to rich economies, this would explain why poor countries reduce
their export prices relative to rich countries and can therefore sell more in the U.S.
market. To analyze this explanation, Appendix A .4 performs two robustness checks.
First, we do not find evidence that after China’s accession to the WTO, poor coun-
tries imported disproportionately more from China relative to rich countries. Sec-
ond, we focus on the textile industry (the inputs of which are arguably easier to
identify), control for input tariffs, and show that our main results still hold.” While
we do not claim to have systematically ruled out this alternative explanation, as do-

ing so would require a detailed input-output table at the HS10 level, our model aims

>We thank one of the referees for this thoughtful suggestion.
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to explore the quantitative importance of the quality-upgrading channel proposed
in this paper.

Weighted regressions. The results reported in this section were based on unweighted
regressions. To ensure that our results are not driven by products with small initial
trade values, Appendix A.5 performs two robustness checks using contemporane-
ous as well as pre-2002 trade values as weights. Moreover, another potential concern
is that tariff gaps alone may not correctly capture the intensity of Chinese competi-
tion, especially when Chinese penetration in the U.S. before its accession to the WTO
varies substantially across products. To address this concern, Appendix A.5 per-
forms another robustness check using pre-2002 Chinese exports (in terms of quan-
tities) relative to total exports to the U.S. as weights. Appendix A.5 shows that our
results using all these weighted regressions are not only qualitatively but also quan-

titatively similar to our unweighted regressions.

Heterogeneous Chinese penetration. Since the results reported in this section are
attributed to China’s accession to the WTO, we would expect these effects to be
stronger for the products in which China appeared to have a comparative advan-
tage. To explore this idea, we divide the whole sample into two subsamples based
on Chinese penetration in the U.S. market. We then run the same regression (2)
for each subsample separately. Appendix A.6 reports the results. As expected, all

effects are stronger in the subsample with greater Chinese penetration.

3 The Model

The model is an extension of BEJK, which incorporates quality as an endogenous
firm choice. There are N countries, indexed by i,j € {1,..., N}. Consumers buy
goods to maximize their utility and supply their labor inelastically. Producers use

labor as the only factor of production.
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3.1 Consumers

The representative consumer in country n has a utility function that is a CES aggre-
gate of a continuum of goods indexed by w € [0, 1] (e.g., Hallak, 2006; Fan, Li and
Yeaple, 2015; Eaton and Fieler, 2019):°

= | [ atormton=as] @

where ¢ > 1 is the elasticity of substitution, z,(w) and z,(w) are the quality and
quantity of good w in country n, respectively. The optimal consumption of good w

by the representative consumer in country n is given by
(W) = En By 20 (W) pn(w) ™7, (4)

where p,, (w) is the price of good w in country n, E, is the total expenditure in country

n, and P, is country n’s quality-adjusted aggregate price index:

1
1-0

1
Po=| [ oty ®)
0
The indirect utility of the representative consumer is given by
U,=E,/P,. (6)

For future reference, it proves useful to substitute the optimal consumption z,,(w)

back into the utility function, and rewrite the utility function (3) as

o—1

U,=E,P°! [/01 Un(w)"ldw} , (7)

®The notion of quality in this paper resembles the horizontal quality in Eaton and Fieler (2019).
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where U, (w) is the utility that the consumer in country n derives from good w:

Up(w) = . (8)

3.2 Producers

The production side of the model departs from the current standard in the literature
and assumes two dimensions for the comparative advantage of countries: countries
are heterogeneous not only in technology frontiers for physical production but also
in their capability of making high-quality goods.”

In terms of physical production, we follow BEJK and assume that the joint effi-
ciency distribution of the best and second-best producer (¢; and s, respectively) in

country i follows a bivariate Fréchet distribution:®

Fi(p1,2) = [L+ Ti(93° — 07 %)] exp(—Ti5°) ©)

where 0 < 3 < 1. The parameter 7; > 0 captures the absolute advantage of
country 7 in physical production, and 6 > 1 governs the heterogeneity of efficiencies.

Producing higher-quality goods can increase production costs in two ways. First,
a firm needs to employ more production inputs (here, labor) to produce the same
amount of output but at a higher level of quality. Therefore, quality raises the
marginal cost of production. Several studies (e.g., Feenstra and Romalis, 2014; Fan
et al., 2017; Eaton and Fieler, 2019; Bloom et al., 2021) use this approach to account
for the role of quality in the cost structure. Second, in line with Kugler and Ver-

hoogen (2012), Fan, Li and Yeaple (2015), and Eslava, Fieler and Xu (2018), a fixed

7 As mentioned before, Hallak and Sivadasan (2013) also differentiate between two types of abili-
ties, but at the firm level: the ability to produce goods at a lower marginal cost (process productivity)
and the ability to produce goods at a higher quality level (product productivity).

8See chapter 4 of Eaton and Kortum (2005) for the micro-foundation of this distribution.

18



cost is associated with quality upgrading, reflecting the fact that higher quality de-
mands factors such as more advanced technology, more product design services, a
better distribution network, more advertisement, and so on.

In this paper, we incorporate both approaches—that is, both marginal and fixed
costs are increasing in quality. Specifically, the total production cost that a firm with
efficiency ¢ in country 7 incurs in order to deliver = units of output with quality z to

country n is given by

idin2” .
WillinZ T+ w2, (10)

Cm(l} 2 90) -

where w; is the prevalent wage in country ¢ and d;,, is the iceberg trade cost (i.e.,
the amount of output that needs to be shipped from source ¢ in order to deliver
one unit to destination n). Parameter j3; reflects the production cost of quality in
country ¢ and governs the comparative advantage of country 7 in producing high-
quality goods. This parameter can be interpreted as the capability of country i in
upgrading quality: the higher f3;, the more costly it is for firms in country i to make
high-quality goods. Our cost structure resembles that in Fan, Li and Yeaple (2015)
with one difference: our focus is on cross-country heterogeneity in quality capability
Bi, whereas they consider cross-industry heterogeneity in this parameter.

We will discuss later that the presence of a fixed cost of quality upgrading is es-
sential to explain our empirical facts. In particular, we will explore three alternative
cost structures and show that those specifications would not generate our empirical

regularities.

3.3 Market Structure

For each product w, there are many potential producers from all over the world who

are perfect substitutes. They engage in two-dimensional Bertrand competition in
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which they choose not only the price but also the quality of output. The firm that can
provide the consumer in country n with the highest utility U,,(w) (see equation (8))

will be the only seller of that good in that market.

3.4 Solving Producers’ Problem

In this section, for ease of notation, we fix the product w and the destination coun-
try, which we call Home, and solve the problem of potential producers of product
w across the world that try to sell this product in the Home market (hence, we drop
w in what follows). The goal is to (i) analyze export price, quantity, and quality de-
cisions of the firm selling in Home and (ii) investigate competition effects in Home
and explore how firms react if the Home market becomes more competitive. Since
we fix the destination country, in what follows we drop the destination subscript
while noting that all bilateral variables are denoted by the origin country. For exam-
ple, d; shows the iceberg cost of shipping goods from country i to Home.
Characterizing the Bertrand equilibrium requires two steps. First, we need to
identify the winner of the competition. Second, given the identity of the winner,
we need to determine the winner’s optimal price, quantity, and quality. We discuss

these steps in turn.

3.4.1 Step 1: Identifying the Winner

Since producers are perfect substitutes, there will be one active seller for each good
on the market, and the consumer buys the good solely from the firm that can offer
the highest utility, as indicated in (8). The winner of Bertrand competition is there-
fore the firm providing the highest utility, subject to earning a non-negative profit.
To identify the winner, consider a producer with efficiency ¢ from country i. The

highest utility U;(¢) that this producer can deliver to Home’s consumers subject to
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earning a non-negative profit solves the following maximization problem:

max Ui(p) = = (11)
z,p p

1dz v
st I=B(z/p)t — (L%2

Bz""lp77 4+ wizﬁi) >0,

where B = EP°~! is Home's aggregate demand shifter, and profit II is the total
revenue of the firm minus its total cost. Figure 2 shows a graphical illustration of
this maximization problem. It shows the decision space of a firm where quality is
on the vertical axis and price is on the horizontal axis. The objective function is
the slope of the blue ray emanating from the origin, which indicates the level of
utility delivered to consumers. The iso-profit curves of the firm are shown in red.
Shifting the iso-profit curves downward and to the right increases the firm’s profit
(as a result of higher price, lower quality, or both). Therefore, as the firm increases
the utility of the consumer by offering higher quality and lower price (i.e., rotating
the blue ray counterclockwise), its profit decreases. Therefore, the maximum utility
that the firm can afford is attained at the point where the blue ray becomes tangent
to the zero-profit curve.

The first-order conditions of this optimization problem imply that the maximum

utility that this firm can deliver equals

Ui(yp) = Ao ™% | (12)

—1

A —1-) -1
where \; = 1/; and A; = (\B)TED% (14 \)w;)=E0% d;~ "% There are two

components contributing to U;(y): country-specific components w;, A; and d;, which

are collected into A;, and a firm-specific component ¢. Sufficient conditions for
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Figure 2: Maximum Utility that a Firm Can Deliver

z

II<0
I =
II>0

Notes: This figure is a graphical illustration of the optimization problem (11). The curved lines are
iso-profit curves, and the straight line is the maximum utility that the firm can deliver subject to
earning a non-negative profit.

solution (12) to maximize problem (11) are

Bi>0—14n~, (13)

vy<1.

We assume these conditions hold throughout the paper. Note that given conditions
(13), U;(yp) is increasing in ¢.

Denoting the highest and second-highest efficiencies from country i by ¢! and
©?, the highest and second-highest utility that country i can provide to Home will
be U} = U;(p}) and U? = U,;(43?), respectively. Since ¢; and ¢7 are drawn from the
bivariate Fréchet distribution (9), we can derive the joint distribution of U} and U?

as

Gi(ur, up) = Pr(U} < up, U < up) = [1+ @;(uy " — uy”)] exp(—d;u; ™) (14)
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where ®; = T; A% governs the average utility coming from i and 6; = 6(1 — \;(o — 1))
governs its heterogeneity. Consequently, the distribution of the highest utility that

can be sourced from ¢ is
Ji(u) = Pr(U} <) = exp(—®u%) . (15)

Now, denote the highest and second-highest utility that can be delivered to
Home from all over the world by U;"" and U/®, where i and j are the nationali-

ties of the best and second-best producers, respectively. Then

Ui*(l) = max U, (16)

*(2
Uj( ) max{Uf,ril;éa?( U},

where country i = arg max;, U} is the nationality of the winner of Bertrand compe-
tition. Using the probabilistic formulation of the highest utility from each source
country, we derive the probability that a firm from a given country is the active

seller of any good in the Home market.

Proposition 1. The probability that a firm from country 1 is the supplier of a given good in

the Home market is
T = <I>i9i/ u % exp(— Z ®u %) du . (17)
0 .
J
Proof. See Appendix B.1. O

3.4.2 Step 2: Solving the Winner’s Problem

Given the identity of the winner (i.e., the best producer), the second step in charac-

terizing the Bertrand equilibrium is to determine what price and quality the winner
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offers in the market. Suppose that the best producer that sells a particular product
in the Home market is a firm with productivity ¢ from country i. It proves useful to
tirst solve the profit-maximization problem if this firm was a monopolist. This mo-
nopolist would maximize its profit to find price p;"°" and quality z]*" (where mon

7

stands for “monopolist”):

a7 (e) = B pi )T -
7 L)

wldl sz(m 7 mon\o— mon\—o mon\ 3;
(A ey ey )

The first-order conditions of this profit-maximization problem deliver

1
wio __d;i 1 —~ |B—0=0C-1
mon __ B 1 o( " \1-0o
o =[BT Gy ,
o wd;
mon. _ Widi. monyy. 19
p; (——7) p (") (19)

This monopolist can therefore deliver the utility U;"" = 2/"°" /p{*" to consumers in
the Home country.

In the Bertrand competition, the best producer is limited by the second-best pro-
ducer from country j if the second-best producer provides a utility that is greater
than the utility provided by the monopolist (i.e., U;(Q) > U™"). In this case, the
objective of the best producer is to maximize its profit conditional on providing the
utility that is weakly greater than U ;(2) in order to remain the active seller in the
market. This means that the best producer needs to lower the price and raise the
quality relative to the monopolist’s choice, up to the point where the second-best

producer is kept out of the market. In other words, the best producer solves the
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Figure 3: Profit Maximization Problem

H‘Z — O
p
Notes: This figure is a graphical illustration of the optimization problem (20).
following profit-maximization problem:
N widiz! o .
max  Tiy(p) = B(=/p)™! = (Z =B 07 +wial) (20)
Zj ¥
s.t. = > U; @
pi

It can be verified that the monopolist-delivered utility U;"" is a fraction 6; = [(=+)(1+
)\Z)]$(?’*1> of U, where conditions (13) imply &; < 1. So if U;(Q) > 60", then
the best producer is bounded by the second-best producer and needs to solve the
problem (20). Otherwise, it will be a monopolist in the market and decide about its
price and quality according to the problem (18).

Figure 3 illustrates the graphical representation of problem (20). The green and
red curves represent the iso-profit curves of the best and second-best producers,

respectively. The slope of the blue ray is equal to the maximum utility that the
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second-best firm can deliver subject to earning non-negative profit. This is the utility
that the best producer is bounded to provide. So the optimal point is where the best
producer’s iso-profit curve becomes tangent to the blue ray. Solving problem (20)

delivers the following optimal price, quality, and quantity:

¢ 1
B 1 - Bi * P * . * *
[w,(ﬁ.(Jr 17—) )} U7 Wy it U > a0
pi=4 lwi(Bi+1-19 (21)
[ if U@ <gu;V
4 1
B 1 - Bi * z * . . * *
{ 1-7) } OOy i U s 500
2 =4 Lwi(Bi+1—7) (22)
i if U® <ou"
/ _—
-1 1 - Bi * T * . * *
B { (1-1) ] Uy Oy i Ur® s a0
e if U <gu
where
pitl—v—o0o
g=-t T (24)
z g
§= Bi+1l—7"
Yo B+l
by Bim =111
’ Bi(Bi +1—7)

Table 2 specifies the sign and partial derivatives of these elasticities, which will

prove useful below.’

Note that the signs of these elasticities follow from conditions (13).
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Table 2: Elasticities of price, quality, and quantity with respect to competition

& & & (45
Sign <0 >0 >0 <0
Derivative w.r.t. 3; a1EP)/oB; >0 0¢F/0B; <0 9Er/0B; > 0 ;| /0B <0

3.5 Investigating Model Mechanisms

Now that we have solved the winner’s problem, we investigate how an increase in
competition influences the equilibrium price, quality, and quantity. Assume that the
U.S. is the Home market and, to simulate the intensified competition from China in
the U.S., consider a reduction in the trade cost from China to the U.S. Similar to what
we did in reporting the empirical patterns, we focus on the goods exported to the
U.S. market from all sources except China. Our goal here is to explain intuitively
how the model mechanisms are able to generate the empirical patterns documented
in Section 2. Section 5 will employ our estimated model, run regressions analogous
to those reported in Section 2, and examine the quantitative importance of the qual-
ity upgrading channel in explaining the empirical facts.

In the model, this intensified competition acts through two channels. The first
channel works through the aggregate price index P (which is inside B). A reduction
in trade cost would reduce the aggregate price index, thereby affecting exporting
firms” optimal price, quality, and quantity. This is the standard general equilibrium
effect of competition, and we call it the indirect competition effect in what follows.

The second channel works through the head-to-head competition that firms are
engaged in, which implies that a non-Chinese incumbent firm (i.e., the best pro-
ducer) is directly responding to the competition induced by a second-best Chinese
firm. To elaborate, facing a reduction in trade cost from China to the U.S., Chinese

tirms would be able to deliver a higher utility to U.S. consumers than before (see
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equation (12)). As a result, the second-highest utility U ;(2) that threatens an incum-
bent firm would increase since either a second-best Chinese firm can now provide
a higher utility than before or a Chinese firm can replace a non-Chinese second-
best producer. We call this channel the direct effect of competition, and it is acting
through U ;(2). The elasticities of optimal price, quality, and quantity with respect to
this direct competition are £/, &7, and {7, respectively, derived in equation (24).

As for the indirect effect, the reduction in the aggregate price index shifts down
the demand curve for a firm, which makes the firm reduce its price and quantity (i.e.,
price and quantity would move in the same direction).!” Moreover, the firm will
also downgrade its quality because a fall in demand reduces the marginal benefit
of increasing product quality.! This resembles the Schumpeterian effect (Aghion
etal., 2005), in which competition discourages innovation (here, quality upgrading).
Notice that this indirect effect of competition is not reflected in the difference-in-
difference term in the empirical regularities reported in Section 2, since this effect
is captured by the country-time fixed effects.”” Hence, to explain how countries
respond differently to intensified competition (as shown in Section 2), we will focus
on how the direct competition effect influences optimal price, quantity, and quality.

As for the direct effect of competition, the incumbent firm (i.e., the best producer)
now faces a stronger rival and therefore must provide higher utility to the consumer
in order to survive in the market. An inspection of equations (21)-(23) reveals that
the incumbent firm does so by adjusting on both margins of price and quality in

response to the direct competition (i.e., higher U ;(2)): it will both upgrade the quality

Given conditions (13), a sufficient condition for quantities to fall with a fall in the price index is
to have o > 2.

Note that the aggregate price index in equations (21)-(23) also appears in Ui*(l). Taking this
fact into account, one can still confirm that the indirect effect of competition reduces optimal price,
quantity, and quality.

12Tn other words, the difference-in-difference terms in our regressions measure the heterogenous
response of products with different exposures to the China shock (i.e., products with different tariff
gaps). The change in the price index P is the same for all products and it does not therefore affect
the difference-in-difference coefficients.
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and reduce the price, which would raise the equilibrium quantity. How much of this

response is on the price, quality, and quantity margins depends on the elasticities

P
17

7, and &, respectively, which in turn depend on the capability of the exporting
country in producing high-quality goods (i.e., 3;).

As our estimation in Section 4 will show, rich countries are more capable of pro-
ducing high-quality products (i.e., they have lower ;). Therefore, incumbent firms
from rich countries (compared to those from poor countries) respond to competi-
tion mainly by upgrading quality rather than responding on the price margin. This
is the escaping competition channel that tends to raise quality. To elaborate, as we
move from poorer to richer countries, /5; decreases, causing the competition elastic-
ity of price & (in absolute terms) and that of quantity £ to fall and the competition
elasticity of quality &7 to rise (see Table 2). This means that incumbent firms from
poor countries (compared to those from rich countries) respond to direct compe-
tition mainly by cutting their prices, which results in increased export quantities,
rather than upgrading their quality. Therefore, consistent with the empirical pat-
terns in Section 2, poor countries reduce their export prices relative to rich countries,
whereas export quantities by poor countries rise relative to those by rich economies.
Notice that the cross-country heterogeneity in 3, is essential for explaining these em-
pirical facts. In other words, having heterogeneity in only physical efficiency would
not be sufficient to explain our empirical regularities.

Figure 4 graphically illustrates cross-country differential responses to competi-
tion. To this end, we first rewrite the optimization problem (20) as a cost minimiza-
tion problem in quality-quantity space, as shown in Appendix B.2. The left panel in
Figure 4 illustrates this cost minimization problem for an incumbent firm in a rich
(Br) versus a poor (8,) country. The red and blue curves are iso-cost curves. The
rich country is more efficient in quality production, which results in the red curve

being steeper than the blue one. Moving the iso-cost curve outward means pro-
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Figure 4: Cross-Country Differential Response to Competition

xT
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Notes: This figure is a graphical illustration of the optimization problem (20) in quality-quantity space
for two different quality capability parameters, 3.

viding more of both quantity and quality, which increases the total cost of a firm.
The iso-utility curve U ;(2) demonstrates all combinations of quality and quantity
that deliver utility U ;‘(2). Therefore, a firm’s cost-minimizing choice of quantity and
quality, conditional on providing the utility U ;(2), is obtained by making the iso-cost
curve tangent to the iso-utility curve. Now suppose that intensified competition
raises U ;(2). Firms have to re-optimize in order to deliver a higher utility level. This
re-optimization is illustrated in the right panel of Figure 4. The firm in the poor
country adjusts more on the quantity margin, while the firm in the rich country
mainly increases its quality.

It is worth emphasizing that the head-to-head nature of competition is crucial for
explaining why export prices and quantities for rich relative to poor countries move
in the opposite direction in response to intensified competition. This is because
in the absence of head-to-head competition, the direct effect of competition acting
through U;(Q) would disappear. Moreover, the presence of a fixed cost of quality
upgrading is essential to explain our empirical facts. In particular, Appendix B.3

employs three alternative cost structures and shows that those specifications would
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not generate our empirical regularities.

To summarize, both direct and indirect effects push the firm to reduce its price,
but their impact on quality is opposing. In relation to the literature on competition
and innovation, this model provides a tractable framework that nests both types of
tirm innovation responses (i.e., resembling escaping competition and Schumpete-

rian effects (Aghion et al., 2005)).

Other implications of the model. Our model also implies two other results con-
sistent with what has been documented in the literature. First, all else being equal,
firms export higher-quality goods to more distant markets. In the literature, this fact
is usually rationalized by assuming specific trade costs. In this model, however, it
is the head-to-head competition and fixed cost of quality upgrading that drive the
result: As Appendix B.2 shows, the total revenue of the best firm under Bertrand
competition is completely disciplined by the second-best firm. Therefore, the profit
maximization problem faced by a firm reduces to a pure cost minimization prob-
lem. Given the trade costs for each unit of exports, firms try to save on shipping
costs by shifting the production cost toward the fixed component of the cost struc-
ture, thereby increasing the quality of exports rather than the physical volume.
Second, our model implies that, all else being equal, firms export higher-quality
goods to larger economies. The fixed cost of quality upgrading generates an econ-
omy of scale in quality provision. If the destination market is larger, any investment
in upgrading quality will result in more revenue, giving the firm more incentive to

incur the fixed cost of quality improvement.'

13This result is also consistent with the fact that Chinese firms charge higher prices in larger mar-
kets, as documented by Manova and Zhang (2012).
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3.6 Testing Model Mechanisms in the Data

The response of quality to China’s accession to the WTO. Our model implies that
in response to intensified competition from China in the U.S. market, firms from
other countries increase the quality of their exports to the U.S., with rich countries
raising their quality relative to poor countries. In addition to the head-to-head com-
petition, this is the main mechanism explaining our empirical facts. It is therefore
crucial to test this mechanism directly in the data. To this end, we estimate the qual-
ity of all 10-digit HS products exported by all countries to the U.S. from 1992 to 2005,
following Khandelwal (2010)’s methodology. We then run a regression analogous
to equation (2), with the left-hand side replaced by the quality of exports. Table C.3
presents the results, which confirm the model mechanism: countries, on average,
increase the quality of their exports in response to intensified Chinese competition
in the U.S. market (column 1), with rich countries increasing their quality relative to

poor countries.'

China’s response to its WTO accession. Thus far, we have examined the responses
of other countries to China’s accession to the WTO. Investigating China’s own re-
sponse and comparing it with the data provide additional validation of the model.
As Appendix C.1 shows, our model suggests that after China’s accession to the
WTO, Chinese prices fall while their quantities rise. We then test these predictions
using a specification analogous to equation (2), restricting the exporting country

to China and dropping the triple-difference term accordingly. Appendix Table C.4

14QOur result that in response to competition rich countries increase their quality relative to poor
countries is consistent with Amiti and Khandelwal (2013). To elaborate, Amiti and Khandelwal
(2013) focus on the absolute quality upgrading of countries exporting to the U.S. and document that
in response to competition (proxied by tariffs), countries that are close to the quality frontier increase
their quality while those that are far from the quality frontier reduce their quality. Amiti and Khan-
delwal (2013) find that rich countries are on average quality leaders and therefore in response to
competition, rich countries increase their quality relative to poor countries. Notice that what mat-
ters to rationalize our empirical facts on cross-country heterogeneous response to competition is the
relative quality upgrading of rich versus poor countries.
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confirms our model predictions.

Extensive margin. Thus far, we have focused on the effects of China’s accession
to the WTO on the intensive margin, examining changes in prices and quantities
within HS10-country pairs. Appendix C.2 investigates the cross-country heteroge-
neous response to China’s accession to the WTO on the extensive margin, both in
the model and the data. In particular, we first show that, in the model, a reduc-
tion in Chinese trade costs to the U.S. reduces the number of products exported by
other countries to the U.S., with this reduction being more pronounced for poorer

countries. We then demonstrate that these model predictions align with the data.

3.7 A Special Case: Cobb-Douglas Utility

Although the main mechanisms of the model are described in Section 3.4, it is still
useful to consider a special case in which we can derive closed-form solutions and
analytically investigate firms’ responses to an intensified competition shock in the
Home market. This special case is constructed by setting the elasticity of substitu-
tion o to one, which means assuming a Cobb-Douglas utility function.

In this case, the location parameter of the distribution of the highest utility that
can be sourced from country i (equation (15)) becomes ®; = T;A? where A; =
(ME) (14 M\)w;)”" " d . Notice that in this case with ¢ = 1, the dispersion of
these highest utilities would be identical for all source countries (i.e., Vi : 6, = 6).
While this assumption (o = 1) removes the heterogeneity in the dispersion of utili-
ties across source countries, it makes the model more tractable since we can derive
closed-form solutions for trade shares and the distribution of equilibrium quality.

We derive these expressions below.

Corollary 1. With Cobb-Douglas utility, the price and quality that the source country i
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provides in the Home market for a given product is

1
«(2)\ FFi=y
B () e U, :
D = pi(U;@))Bz-H—’Y (Uz (1))ﬁi+1—7 , 2i = zi (U]*(1)> , (25)

E(l—7v) 1% _ E(l —~)
d i —

wi(ﬁi+1—7)] e {wz’(ﬁﬂrl—

average price and quality of goods sourced from country i, respectively.

1
Bi
where p; = [ J can be interpreted as the
fy

Proof. Equations can be derived by plugging ¢ = 1 into equations (21) and (22). O

Notice that in this special case, the best producer is always bounded by the
second-best producer because the utility it delivers as a monopolist would be zero
(by choosing p = oo and z = 0), which is always less than the second-highest util-
ity. Moreover, the equations above show that, in line with the general case in the
previous section, firms from poor countries (i.e., with high ;) respond to direct
competition (i.e., higher U ;(2)) mainly by cutting their prices, whereas firms from

rich countries mostly upgrade their quality.

Proposition 2. With Cobb-Douglas utility, the trade share of country i in the Home market,
s, 1s equal to the probability that a firm from country i will be the supplier for a given good

in the Home market, which is equal to:"°

P,
== o= o, (26)

j
Proof. See Appendix B.4. O

Proposition 3. With Cobb-Douglas utility, the distribution of the ratio of the second-

15 As we will discuss below, in the case in which o # 1, there would be no closed-form solution for
the trade shares.
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highest to the highest utility for a good sourced from country i is

*(2)

Pr (J—lgx]isource) =z O<axz<l. (27)
Ui*( )

Proof. See Appendix B.5. O

Now we can easily derive the quality distribution using Proposition 3 and the

quality expression (25), which we state below.
Proposition 4. With Cobb-Douglas utility:

(i) The quality distribution of products exported by country i to the Home market is

0(Bi+1—)
H;(¢) = Pr(z; < (i source) = (—) . (28)

)

(ii) The quality distribution of all products sold in the Home market is

n ¢ 0(Bi+1—)
- < () = (X '
HO =P =30 () 29)
Proof. Combine the quality expression (25) and Proposition 3. O

One implication of equation (28) is that conditional on the source country, the
quality distribution does not vary by trade costs. This result is similar to the unre-
sponsiveness of markup distribution to trade costs in BEJK.

The next proposition summarizes the effect of intensified competition on the

quality of goods in the Home market.

Proposition 5. Denote the quality distribution of goods in the Home market before and
after a reduction in trade cost d; by Hy(¢) and H,(C), respectively. Moreover, denote the
distribution function of quality provided by a surviving firm o before and after this change

in trade cost by hy(C|p) and h,(C|p), respectively. With a Cobb-Douglas utility function:
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(i) The surviving firm o stochastically raises its quality, that is, h,(C|¢) 77 ho(C|p).
(ii) If country i’s quality is stochastically inferior to the average quality in the Home market
(i.e., H(C) 7z H;(C)), then the quality distribution of goods will be stochastically downgraded

after the fall in the trade cost, that is, H,(C) 7= H,((), and vice versa.
Proof. See Appendix B.6. O

The intuition for part (i) is straightforward and has been explained before: it is
the intensified competition effect in the Home market that makes firm ¢ upgrade
its quality in order to survive the competition. The intuition for part (ii), however,
merits further explanation. Consider a particular good produced by country j # i
before the fall in d;. If country j remains the source of this good after the fall in d;,
then its quality will not change, as implied by Proposition 4. However, when a firm
from country i replaces a firm from country j, it provides the good on average at
a lower-quality level because country i’s technology in quality production is infe-
rior to the world’s average technology. This implies that the quality of goods, on
average, decreases. In a nutshell, if any policy shifts trade shares toward a coun-
try whose quality is on average below (above) the world’s quality, then the quality

distribution of goods sold in the Home market will be downgraded (upgraded).

3.8 Equilibrium

An economy is defined by a set of N countries. Each country i is populated with
L; units of individuals who supply one unit of labor inelastically. Each country
i is endowed with physical technology and quality capability parameters 7; and
Bi, respectively. We now expand the notation used in Section 3.4 to capture the
bilateral nature of variables. That is, for any variable Y;,,, i is the source and n is the

destination country.
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Before we define the equilibrium of the model, we first characterize the interna-

tional flow of goods in the following corollary.

Corollary 2 (Gravity). Trade flow from country i to n, X,,, is given by

(1— (5?1')(1)1-”/ u”_ei_l(z @, 0,u"% 1) exp(— Z ®ju’
0 . -

J J
Xin - Pl_g En

5fic1)in9i/ uo b2 exp(— Z(I)jnu ]'
0

T P En. (30)

where I, is total expenditure in destination n, ®;, is the average utility sourced from i and

delivered to n

o, =T, AV

m I

) —1-x, —1
A = (MEn PO T0% (14 AJw;) =e0% ¢ D% (32)

and P, is the quality-adjusted price index in country n:

P77 = /000(2(1 — (5- D, u’ Z ®;,0,u"% 1) exp(— Z ®ju’
J
/ Z 5% D, 0,u° bi=2) exp(— Z Opu” %) du (33)
0

where 5% = [(Z=)(1 + Ap)]00Aa) 16

The expressions for X, and P, have two parts because, under Bertrand com-
petition, the threat of the second-best firm may not be binding for the best firm.
Accordingly, the first part of the expressions relates to the case in which the best

firm is bounded by the second-best firm, and the second part relates to the case in

0(1—v)(oc—1)

16For the price index to be finite, we require that 8 > == L

, where 8 = min; 3;.
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which the best firm is a monopolist. Note that the gravity equation (30) doesn’t
deliver a closed-form solution as in BEJK, because 6, is country-specific. However,
as we showed above, in the special case of a Cobb-Douglas utility (i.e., ¢ = 1), 6,
would equal to 6 for all countries, and we can therefore derive the closed-form grav-
ity equation (26).

An equilibrium is a set of expenditures { E;} Y ; and wages {w; }}¥, that satisfy the
income-expenditure identity, £, = ZnNzl Xin, Vi=1,2,..., N, where X, is given in

equation (30), as well as the labor market clearing condition

N N
o Bn o 1 —0;— —Ujy
L= Z [/ —0;9,0; /(H)\Z)UT § 23@7(_ E :q)jn((siul) ej)duﬁ

1=0 Jug=6;u; Wi

© [u B ) O | al ;- al o,
/ / _nug/(lﬂz)ug/\l(a—1)—1)/(1+A1)9i¢mu1—9i—1(Z 0;® u; 0; 1)exp(— Z 1, ej)duldm} 7
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(34)

where the right side is country ¢’s labor demand, derived in Appendix B.7.

4 Estimation

To estimate the model, we assume the following functional form for iceberg trade
costs, di, = 1+ a; . ap . a, . (ag.Disty, + a1.Dist»*), where Dist,, is the distance (in
thousands of kilometers) between countries i and n."” The parameters q;, a;, and a,
are one if countries ¢ and n do not have a common official language, common border,
and trade agreement, respectively, and to be estimated otherwise. Therefore, the set
of parameters that we estimate is Q = {{7;}}_,, {8 }1-1, a0, a1, aq, a1, ap, ag } -

Values for the rest of the parameters (v, 0, and 6) are borrowed from the literature

and we will show that our main results are robust to alternative choices. Specifically,

7This is a slightly modified functional form considered by Lashkaripour (2020) to achieve a better
fit.
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following Bernard et al. (2003), we calibrate the Fréchet shape parameter to 6 = 3.6
and the elasticity of substitution to o = 3.79."% As for the variable cost of quality
upgrading, v, Feenstra and Romalis (2014) find that the cross-country median of
is close to the respective statistic for the importance (i.e., exponent) of quality in the
utility function (which is one in our model). Since our theoretical model requires
v < 1 (see condition (13)), we set v = 0.7 in the baseline and conduct a sensitivity

analysis using v = 0.9.

Data. To estimate the model, we use data on bilateral trade flows, export prices
(unit values), and GDP for 39 countries in the year 2000, which account for the vast
majority of global trade and represent a mix of rich and poor economies.'” Bilat-
eral trade flow data are based on UN Comtrade. Export price data are from the
Trade Unit Value (TUV) database compiled by Berthou and Emlinger (2011) and
are accessible through CEPII. We use CIF unit values at the six-digit HS product
level. We use the gravity variables—the distance between countries, common offi-
cial languages, common borders, and trade agreements—compiled by Head, Mayer
and Ries (2010). Finally, we use data on country-level wages and GDP from World
Input-Output Database Socio-Economic Accounts (SEA) provided by Erumban et al.
(2012).%

Estimation Procedure. The parameters that we estimate are T = {7;}, B3 = {5}
and a = {aog, a1, aq, a;, ap, a,}. We use countries” GDP, the average export price of

each country, and bilateral trade flows between countries to estimate T, 3, and a,

8The Fréchet shape parameter in Bernard et al. (2003) is equal to the trade elasticity. While our
model does not deliver a closed-form solution for the gravity equation and trade elasticity, our sim-
ulations below show that trade elasticity in our model is also close to 6. This justifies our choice of
using Bernard et al. (2003)’s trade elasticity. As a robustness check, Section 5.2 sets the trade elasticity
and elasticity of substitution to # = 4 and o = 2.25, as estimated by Simonovska and Waugh (20144)
and Simonovska and Waugh (2014b), respectively.

YFor the list of countries, see Appendix Table C.6.

2Since imperfect competition between firms implies that firms can earn profits, we do not use
GDP per capita as a proxy for wages.
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respectively. The estimation procedure, inspired by Fieler (2011), is composed of
three steps.

First, given trade cost parameters a and quality capability parameters 3, we back
out technology parameters T to match countries” GDP. That is, we solve the system
of equations 22[:1 Xin = GDP;, Vi = 1,2,...,N, where X, is the model-implied
trade flow from country ¢ to n, and the right-hand side is country ¢’s GDP in the
data.”!

Second, given trade cost parameters a and technology parameters T, we back
out quality capability parameters 3 by matching average export prices for each
country. That is, we first derive the model-implied average export price of each
country across all destinations and products, and then set it equal to its data coun-

terpart:

> nzi TinE(In pin|i source) _ S o Inpleta ()

E(hlpi) = Z B Ton Mdata

Vi=1,..,N, (35)

where 7;, is the probability that country i serves country n for a given variety. The
average price of country i’s exports to n, E(In p;,|i source), is obtained using equilib-
rium prices in equation (21).?> The last part of equation (35) is the data counterpart
of average export prices, with M#*® being the total number of six-digit HS prod-
ucts that country ¢ exported to other countries in 2000. We note that products are
symmetric in the model, but not in the data. To account for this product asymme-

try in the data, we first regress log prices on product fixed effects and then take the

data
in

residual to obtain In p**(w) for each product w.

ZNote that in steps 1 and 2, the model-based expressions are evaluated using numerical methods.
For example, in step 1, X, is obtained by using the numerical evaluation of integrals in equation (30),
then adding all X;,’s across destinations and equating it to GDP;.

22To compute average export prices, we need to calculate the conditional mean of the highest
and second-highest utilities delivered to country n, which we obtain by employing the appendix
equation (60).
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Figure 5: Technology and Production Cost of Quality Parameters across Countries
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Notes: This figure plots the estimated technology parameters T (left panel, in log) as well as the
production cost of quality 3 (right panel) against countries” wages (in log).

Lastly, given a set of trade cost parameters a, we iterate over steps 1 and 2 to
converge to a solution for T' and 8. Using this solution, trade cost parameters
a = {ao, a1, aq, 4, 4y, 4, } are estimated by NLLS estimation of gravity equation (30).
Then, the updated values of trade cost parameters are fed back into the first and
second steps. We repeat this procedure until the estimated values for the whole set
of parameters converge to a solution.

The intuition behind the estimation of {7;}? ; and {5;}}, is straightforward. A
higher value for physical technology parameter 7; makes country i more produc-
tive, and therefore country i would export more. This drives up the total income of
country i. Therefore, holding other factors such as trade costs and quality capabil-
ity fixed, country i’s GDP would be increasing in 7;. Moreover, firms in a country
with a lower value for the quality cost parameter /3, have a comparative advantage
in producing higher-quality products. Since quality is costly to produce, these firms

would charge higher prices. Therefore, a lower ; results in higher export prices.
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5 Estimation Results and Counterfactual Analysis

5.1 Estimation Results

Figure 5 summarizes the estimation results for technology as well as quality capabil-
ity parameters. Detailed estimation results are reported in Appendix Table C.7. The
left and right panels show the technology parameters T as well as the production
cost of quality parameters 3, respectively, against countries” wages. Each circle in
the graph represents a country. The general pattern in Figure 5 indicates a strong re-
lationship between the economic development of a country (in terms of wages) and
its efficiency in physical and quality production, which is intuitive: rich countries
are more advanced in physical technology (higher 7') and more efficient in quality
production (lower /). Our result that rich countries are more efficient in quality pro-
duction is in line with the literature (e.g., Schott, 2004; Amiti and Khandelwal, 2013;
Feenstra and Romalis, 2014). Based on our estimates, China (Japan) is the country
with the lowest (highest) efficiency in quality production. To estimate these pa-
rameters, the model exactly matches countries” GDP as well as their average export
prices.

Table 3 reports the NLLS estimation of trade cost parameters a. The estimated
parameters are in line with what we expect: a positive a, implies that trade costs
increase with distance, and the fact that a;, @, and a, are less than one implies that
trade costs fall with a common language, a common border, and having a free trade
agreement. Moreover, the estimated model explains 44% of trade flows between
countries. Appendix Figure C.2 shows the fit of the estimated model with respect to

trade flows.
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Table 3: Estimated Trade Cost Parameters

Parameter ag ay agq ap a a, R?

Estimated value -0.356 4283 0368 0517 0696 0877 0.44
(0.105) (0.196) (0.045) (0.033) (0.056) (0.036)

Notes: This table reports the NLLS estimates of trade cost parameters. Standard errors are reported
in parentheses.

5.2 Heterogeneous Response to Intensified Competition

We now employ our estimated model to investigate the quantitative importance of
the quality upgrading channel in explaining the empirical regularities presented in
Section 2. To this end, we first solve for the general equilibrium and then simulate
the model. To examine the response of other countries to intensified competition
from China, we simulate one million products using our estimated model for two
periods. In the first period, trade costs are equal to those estimated in the model. In
the second period, to simulate the cross-product heterogeneity in intensified com-
petition from China, we reduce the trade cost from China to the U.S., dcpina—v.s.,
only for half of the products. In each period, we identify the winning country in
each product and record the price and quantity of products exported by the winner
to the U.S. This produces a panel data set of export prices and quantities for two
periods, allowing us to run similar triple-difference regressions as in Section 2. As
in the empirical specifications in Section 2, we drop the products sourced by China

or the U.S.”

The BEJK Model. To show the importance of the quality channel in generating the
differential response of countries to intensified competition from China, we do the
same exercise as above for a nested model in which the quality channel is missing.
Specifically, by setting 3; = oo for all countries, we shut down the quality channel,

which reduces the model to that in BEJK. We set the same parameters § = 3.6 and

ZNote that the products sourced by the U.S. are not observable in our trade data in Section 2.
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Table 4: Cross-Country Differential Response to Competition in Simulated Data

Model with quality Model without quality
In Pcht In Dcht In Lcht In Lcht In Pcht In Dcht In Lcht In Lcht
Dy x ChinaShare ),  -0.097*** -3.486*** 0.419*** 3.459***  -0.077*** -0.083* 0.214*** (.237
(0.006) (0.056)  (0.019)  (0.175) (0.005)  (0.047)  (0.018)  (0.179)
D; x ChinaShare, ) x 0.333*** -0.299*** 0.001 -0.002
InGDP. (0.005) (0.017) (0.005) (0.017)
Observations 33952 33,952 33,952 33,952 28,294 28,294 28,294 28,294

Notes: This table reports the effects of intensified competition from China on simulated export prices
and quantities to the U.S. market, as described in the text. Standard errors are reported in parenthe-
ses. Numbers are rounded to the nearest thousandth. ***p < 0.01 **p < 0.05 *p < 0.1

o = 3.79 as in our baseline model, and then reestimate the technology parameters
T as well as the trade cost parameters a in this model using steps 1 and 3 of the
estimation procedure outlined in Section 4.** Using these estimated parameters, we
simulate this model for two periods in the identical way explained above and run
the regressions similar to those in Section 2 using the simulated data.

Table 4 presents the regression results. The term D, equals 0 and 1 for the
first and second periods, respectively, ChinaShare,); measures the share of China
in U.S. imports in category g (in which product h lies) where category g denotes
whether products are exposed to Chinese competition (i.e., dchina—v.s. is reduced)
or not, and In GD P, denotes the model-implied log of GDP per capita of exporting
country c in the first period.

The first columns in both models show that prices relatively fall for the products
that face intensified competition from China. The second row in this table highlights
the differential response of countries to intensified competition. In line with the
empirical patterns in Section 2, the second column in the benchmark model with
quality shows that rich countries reduce their prices by less than poor countries.

The model without the quality channel, however, cannot explain this fact, as the

24In this nested model with 3; = oo for all countries, the quality-related parameter v does not play
any role and is therefore dropped from the model.
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triple-difference term in this model is close to zero and statistically insignificant.”

Similarly, the third columns in both models show that quantities exported to
the U.S. relatively increase for products facing intensified competition from China.
Interestingly, in line with the empirical facts in Section 2, the benchmark model
highlights that rich countries reduce their exported quantities relative to poor coun-
tries (column 4). The model without the quality channel, however, fails to explain
this pattern and has an insignificant triple-difference coefficient close to zero, which
emphasizes the importance of the quality channel in explaining our empirical regu-
larities.

The magnitudes in Table 4 are not readily comparable to those in Table 1 since
our model does not feature tariff gaps. To examine the quantitative importance of
the quality channel in explaining our empirical facts, we slightly modify the empir-
ical exercises in Table 1. In particular, in our data regressions, instead of using tariff
gaps on the right-hand side we use the share of China in the U.S. instrumented by
tariff gaps. Specifically, we first regress the share of China in total U.S. imports in
HS8 category g(h) at time ¢, ChinaShare),, on tariff gaps Gap,(n). We then use the
predicted shares, ChinaSﬁareg(h)t, and run regressions analogous to those in Table 1,
where we replace tariff gaps with ChinaSﬁareg(h)t. Table C.8 presents the results.
Comparing the triple-difference coefficients in Table C.8 to those in Table 4 shows
that the quality upgrading channel in our model plays a quantitatively important
role in explaining cross-country heterogeneous response to Chinese competition.

It is worth highlighting a few points regarding simulations in Table 4. First, these
regressions were not targeted in the estimation procedure and should be therefore

viewed as out-of-sample predictions of the model. While the model performs rea-

Notice that the triple-difference coefficients in the model without quality are tiny and far from
being statistically significant, but are not exactly equal to zero because of sampling errors. To elabo-
rate, the triple-different coefficients would go to zero if the sample size goes to infinity, but not with
a finite sample size.
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sonably well in replicating the patterns in Table C.8 both qualitatively and quanti-
tatively, it cannot replicate all coefficients perfectly. For example, the cross-country
heterogeneous response in prices is larger in our quality-inclusive model compared
to the data. This is because the quality upgrading process in the model is instan-
taneous, but it will presumably take time in the real world. Therefore, given qual-
ity upgrading by rich countries, the model implies a larger gap between the prices
of rich versus poor countries in response to Chinese competition. Moreover, the
difference-in-difference responses of prices in both models with and without qual-
ity (Columns 1 and 5) are small relative to the data. This is likely because of a high
demand elasticity that we picked from the literature (0 = 3.79), whereas demand is
likely less elastic in the short run in the data. We indeed show in Table C.10 that un-
der lower elasticities, the difference-in-difference coefficients in the price regressions
would be closer to that in the data.

Second, the quantitative importance of the quality channel in explaining cross-
country heterogeneous response to competition is robust to different parameteri-
zations of the model: In particular, we choose a different variable cost of quality
~v = 0.9 (see Table C.9) and three different sets of 6 and o (see Tables C.10 to C.12).
In all these robustness checks, we re-estimate both models with and without the
quality channel and run the counterfactual exercise as explained above.

Finally, we would like to highlight that we employed a BEJK-type framework in
this paper since most Melitz (2003)-Chaney (2008)-type models in the existing liter-
ature (e.g., Kugler and Verhoogen, 2012) cannot fully rationalize our empirical facts.
To elaborate, in this class of models, intensified competition from China operates by
reducing the (country- or industry-level) price index in the U.S. As a result, the de-
mand curve that firms from other exporting countries face in the U.S. market would

shift inward which would in turn reduce their export quantities.”® As the third col-

26Notice that considering the extensive margin would imply an even larger decline in total export

46



umn of Table 1 in our empirical facts showed, however, countries on average increase
their export quantities in response to intensified competition from China in the U.S.
market. Because of the head-to-head nature of competition, both models with and
without quality presented in this paper are indeed consistent with this empirical

fact, as reported in columns 3 and 7 of Table 4.%

6 Conclusion

We document that in response to intensified competition from China in the U.S,,
poor countries reduce their export prices relative to rich countries, but the opposite
is true for export quantities. To explain these empirical patterns, we develop and
estimate a general equilibrium Ricardian model of international trade by introduc-
ing cross-country heterogeneity in the ability to produce high-quality goods into the
seminal work by Bernard et al. (2003).

The focus of this paper has been on documenting novel cross-country empiri-
cal facts and demonstrating the quantitative significance of the quality upgrading
channel in explaining these microeconomic patterns. However, we believe that this
channel has potentially important implications for various aggregate variables. For
example, it could affect labor productivity by influencing the type and quality of
capital and equipment used in the production process. Additionally, it may impact
wage inequality by affecting the demand for skilled labor. A potentially interesting
avenue for future research would be to investigate the macroeconomic implications
of this channel in a model incorporating investment, skill heterogeneity, or unem-

ployment.

quantities since some firms exit in response to Chinese competition.

%’ As we emphasized in the introduction, an alternative framework along the lines of Atkeson and
Burstein (2008) and Edmond, Midrigan and Xu (2015) with a large enough lower-tier elasticity would
be very similar to BEJK and would therefore be able to rationalize our empirical facts.
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Appendices

A Robustness and Additional Results

In this section, we investigate the robustness of our empirical results presented in

Section 2 by performing several robustness exercises.

A.1 Pre-trends, U.S. duties, export reallocation, and changes in com-
petition

Pre-trends. A key identifying assumption in difference-in-difference specifications
is that control and treatment groups experienced identical time trends prior to the
implementation of intervention. Therefore, here we adopt different strategies to
support that our results are not contaminated by a potential pre-trend for products
of different groups g(h).

First, we follow Felix (2021) and measure the effects of interest relative to a po-
tential pre-trend. We show below that all effects relative to potential pre-trends are
both qualitatively and quantitatively very similar to what we have documented in
the text, suggesting that pre-trends are not driving our results.

To this end, we first predict our outcome variables (i.e., prices and quantities)
by employing the following regression using the data before the China shock (i.e.,
before 2002):

Inpene = n Gapgy X t + Do, + Doy + €cne, ¢ # China, t < 2002, (36)

where D, and D, are country-product and country-time fixed effects, respectively.

We estimate 7 from this regression and then measure our outcome variables relative
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Table A.1: Effects Relative to a Potential Pre-Trend

h{pcht h{pcht lrfmcht hfxcht
D?OOQ X Gapg(h) -0.128*** -0.128*** 0.707*** 0.690***

(0.049) (0.049) (0.111) (0.111)
InGDP, x Dt2002 X Gapg(h) 0.014*** 0.014*** -0.095*** -0.094***

(0.006) (0.006) (0.012) (0.012)
HlIcsmnye 0.023 -0.567***

(0.018) (0.036)

Observations 1,702,241 1,700,639 1,702,241 1,700,639
R? 0.99 0.99 0.99 0.99

Notes: This table reports the effects of Chinese intensified competition relative to a potential pre-
trend. The left-hand side variable in columns 1 and 2 is the price (relative to pre-trends) of products
exported to the U.S. by all countries except China, while columns 3 and 4 have quantities (relative
to pre-trends) on the left-hand side. The right-hand side variables are the same as those defined in
Table 1. Data cover 1992 to 2005. All columns include country xproduct and countryxyear fixed
effects. Standard errors are clustered at the countryxproduct level and reported in parentheses.
“p < 0.01 **p < 0.05 *p < 0.1
to potential pre-trends using Inp,,, = Inp. — 1 X Gapyry x t. We then use this

constructed variable In p,,, to run the same specifications as in the main text:

lrfpcht = oy D% x Gapgn)+azIn GD P, X D092 Gapgny+asH gyt Den+Detecn, ¢ # China.
(37)
We follow the same procedure for quantities to construct Inz,,. Table A.1 reports
the results for prices (the first two columns) and quantities (the last two columns)
and shows that our results still hold. In particular, all difference-in-difference and
triple-difference coefficients are both statistically and economically significant.
Since our main focus in this paper is on the cross-country heterogeneous re-
sponse to intensified competition, in the second robustness check, we show that
our triple-difference coefficient of interest is not contaminated by HS8-time-specific

factors. To this end, we add HS8-year fixed effects D, to both price and quantity
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regressions. In this case, the price regression becomes

I pen = g In GDP.x D™ x Gapyny+as H Lsnyi+Den+Dynyi+ Der+eene, ¢ # China,

(38)
and similarly for the quantity regression. In this specification, the DID effect D?%°? x
Gapy(ny is clearly picked up by HS8-year fixed effects. The first two columns of Ta-
ble A.2 present the results and show that the triple-difference terms in both price and
quantity regressions exhibit the same pattern across different exporting countries as

documented before.

Changes in U.S. duties. Another concern about the empirical facts is that the re-
sults, rather than being due to intensified competition from China, may be due to
over-time changes in duties that the U.S. imposed on each exporting country. To
control for potential changes in duties, we include in our regressions the ad val-
orem equivalent of duties charged by the U.S. in each 10-digit HS product h sourced
from country c at time ¢, tar.,,. We construct this measure by dividing the duty
value by the total value of imports. Columns 3 and 4 in Table A.2 report the re-
gression results. The results show that while more duties increase export prices and
decrease export quantities as expected, the heterogeneous response of countries to

competition from China (i.e., the triple-difference term) remains almost unchanged.

Shifting exports toward other destinations. An alternative explanation for the
quantity regression results presented in the last two columns of Table 1 is that when
exporting firms faced intensified competition from China in the U.S. market af-
ter 2002, they tried to reallocate their exports away from the U.S. market and to-
ward other potentially substitute destinations, such as the European Union (EU)

and Canada. If rich countries are more capable than poor economies in reallocat-
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ing their exports across different destinations, they would be more likely to reduce
their quantity of shipments to the U.S. market and shift them toward other markets,
thereby generating a negative triple-difference coefficient in our quantity regres-
sions. To rule out this explanation, we use UN Comtrade bilateral trade data to
construct the total export quantity of each exporting country c (except China) to EU
countries and Canada in each six-digit HS product h, labeled as In EU _ C AN _Exp.;.!
We test this hypothesis by regressing In EU_C AN _Exp.; on the difference-in-difference

term D% x Gap,, and the triple-difference term In GD P, x D?"? x Gapy,:

In EU_CAN _Exp.p, :alDt2002 X Gapy, + asIn GDP, X DfOOQ x Gapy, (39)

+ Dch + Dct + Echts c 7é Chinc%

where Gap, is the average MEN tariff gap for the six-digit HS product category h.
If this alternative explanation is true, the estimate of o, that reflects the differential
capability of rich countries in changing their export destinations should be positive
and significant.

Column 5 in Table A.2 reports the results. The estimate of « is negative and sta-
tistically insignificant, implying that we do not find any evidence for the differential
capability of rich versus poor countries in switching export destinations. Column 6
is an extension of regression (39) in which we add HS6-year fixed effects Dy, to con-
trol for any HS6-time-specific variations. The triple-difference coefficient of interest
remains negative, confirming that this alternative explanation is not supported by

the data.

'The most detailed product categories at which UN Comtrade records bilateral trade data is the
six-digit HS code. Since import data are generally more reliable, we use imports of the EU and
Canada from each origin country.
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Table A.3: The Effects of China’s Accession to the WTO: Controlling for HHI

lnpcht In Tcht
DfOOQ X Gapg(n) -0.212*** 0.871***

(0.049) (0.110)
InGDP, x Dt2002 X Gapg(p) 0.012** -0.090***

’ (0.006) (0.012)

HIcs(h)t 0.027 -0.576***

(0.018) (0.036)
Observations 1,700,639 1,700,639
R? 0.92 0.87

Notes: This table reports the effect of intensified competition from China on the price and quan-
tity of products exported to the U.S. by all countries except China. The variables are the same
as those defined in Table 1. The other control variable is the Herfindahl index of each country’s
exporters to the U.S. in each HS4 product category and time. Data cover 1992 to 2005. Both
columns include countryxproduct and countryxyear fixed effects. Standard errors are clustered
at the country xproduct level and reported in parentheses. ***p < 0.01 **p < 0.05 *p < 0.1
Changes in competition. In this section, we control for the Herfindahl index as
a proxy for industry-level competition among exporters from a given origin (in a
similar spirit to, e.g., Fan, Li and Yeaple, 2015). The Herfindahl indices are at the
HS4 level and are provided by Feenstra and Weinstein (2017). In particular, we

employ the following triple-difference specification

In pene = a1 D X Gapyny+az In GDP.x D x Gapyny+asH Lsgy+Den+ Deg+ecn, ¢ # China,
(40)
where H I,y is the Herfindahl index of firms in country c that export four-digit HS
product category s (in which product £ lies) to the U.S. in year ¢.
Table A.3 reports the results and shows that all results are quite similar to what

we reported in the main text.

A.2 The U.S. Regional Trade Agreements (RTAs)

As mentioned in the main text, to the extent that tariff changes in the U.S. RTAs

are correlated with tariff gaps, these RTAs might contaminate our results. Since
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RTAs usually include both tariff and non-tariff measures, examining whether they
are correlated with tariff gaps is challenging. However, we perform two robustness
checks to isolate from potential effects of these RTAs.

We explore the universe of U.S. RTAs using Mario Larch’s Regional Trade Agree-
ments Database from Egger and Larch (2008).? It turns out that RTAs signed by the
U.S. with the following countries entered into force between 2001 and 2005 (with
the year in parentheses): Australia (2005), Chile (2004), and Jordan (2001). To ensure
that these RTAs are not driving our results, we exclude them from our sample and
run the main regressions. Table A .4 reports the results and confirms that the main
empirical results are qualitatively and quantitatively similar to our baseline results.

Since we rely on a difference-in-difference identification strategy, it seems suf-
ticient to exclude the RTAs that were signed after China’s accession to the WTO.
However, as another robustness check, we exclude all countries with which the U.S.
has had an RTA in our entire sample period; that is we exclude Australia (2005),
Chile (2004), Jordan (2001), Canada (1992), Israel (1985), and Mexico (1994). Ta-
ble A.5 reports the results and shows that the main empirical results are robust to

excluding these RTAs.

A.3 The Case of Vietnam’s Accession to the WTO

To explore the effects of Vietnam'’s accession to the WTO in 2007, we run the follow-

ing specification

Inpep: = alDfomeapg(h)—l—on In GDPCXDt2007xGapg(h)+Dch+DCt—l—5cht, c # Vietnam,
(41)

2See also Kuenzel and Sharma (2021).
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Table A.4: The Effects of China’s Accession to the WTO (excluding U.S. RTAs be-
tween 2001 and 2005)

In Dcht In Dcht In Lcht In Lcht
D002 Gapg(n) -0.099*** -0.215%** 0.066*** 0.874***
(0.008) (0.049) (0.017) (0.111)
InGDP,. x D% x Gapg(n) 0.013** -0.090***
(0.006) (0.012)
Observations 1,668,339 1,665,820 1,668,339 1,665,820
R? 0.92 0.92 0.87 0.87

Notes: This table reports the effect of intensified competition from China on the price and quantity
of products exported to the U.S. by all countries except China. We exclude countries with which the
U.S. signed an RTA between 2001 and 2005. The variables are the same as those defined in Table 1.
Data cover 1992 to 2005. All columns include countryxproduct and countryxyear fixed effects.
Standard errors are clustered at the country xproduct level and reported in parentheses. ***p < 0.01
“p < 0.05 *p < 0.1

Table A.5: The Effects of China’s Accession to the WTO (excluding all U.S. RTAs in
the sample)

In Dcht In Dcht In Lcht In Lcht
D2002 Gapg(n) -0.101*** -0.206*** 0.045** 0.950***
(0.009) (0.050) (0.018) (0.113)
In GDP,. x D% x Gapyn) 0.012** -0.101%**
: (0.006) (0.013)
Observations 1,463,155 1,460,636 1,463,155 1,460,636
R? 0.92 0.92 0.87 0.87

Notes: This table reports the effect of intensified competition from China on the price and quantity
of products exported to the U.S. by all countries except China. We exclude countries with which
the U.S. signed an RTA in our entire sample period. The variables are the same as those defined in
Table 1. Data cover 1992 to 2005. All columns include country xproduct and countryxyear fixed
effects. Standard errors are clustered at the countryxproduct level and reported in parentheses.
4 < 0.01 **p < 0.05 *p < 0.1
where we measure the tariff gap in 2006. The rest of the variables are similar to
those defined in the main text. We also run an analogous regression for quantities.
To isolate from the effects of Chinese accession to the WTO in 2001 and also from
the financial crisis, we focus on the years from 2002 to 2008. All the reported results
are, however, robust to expanding the sample to 1992-2010.

The first two columns in Table A.6 present the results and show that the triple-

difference coefficients are positive for prices and negative for quantities, as expected.
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Table A.6: The Effects of Vietnam’s Accession to the WTO

In pen I 2t 0 s In T opt
Dt2007 X Gapg(h) -0.316*** 0.146 -0.240*** 0.436***

(0.068) (0.139) (0.068) (0.139)
InGDP, x D?OO? X Gapg(h) 0.027*** -0.050%** 0.028*** -0.047***

(0.008) (0.015) (0.008) (0.015)
Observations 423,225 423,225 423,225 423,225
R? 0.93 0.91 0.99 0.99

Notes: This table reports the effects of Vietnam’s accession to the WTO. The left-hand side variables
in columns 1 and 2 are the price and quantity of products exported to the U.S. by all countries except
Vietnam, respectively. The left-hand side variables in columns 3 and 4 are the price and quantity
(relative to pre-trends) of products exported to the U.S. by all countries except Vietnam, respectively.
Right-hand side variables are the interaction of tariff gap and post-2007 dummy, and the triple inter-
action of tariff gap, post-2007 dummy, and log of the exporting country’s GDP per capita. Data cover
2002 to 2008. All columns include country x product and country x year fixed effects. Standard errors
are clustered at the country xproduct level and reported in parentheses. **p < 0.01 **p < 0.05
*p <0.1
To ensure that the results are not driven by potential pre-trends, we employ a
similar strategy as the one in Appendix A.1 and measure the effects of interest rel-
ative to a potential pre-trend. In particular, we first predict our outcome variables
(i.e., prices and quantities) by employing the following regression using the data

before Vietnam’s accession to the WTO (i.e., before 2007):
Inpene = 0 Gapgy X t + Depy + Doy + €cne, ¢ # Vietnam, ¢ < 2007. (42)

We estimate 7 from this regression and then measure our outcome variables relative
to potential pre-trends using In Pene = M pene — 1) X Gapyny x t. We then use this con-
structed variable Inp,,, on the left-hand side of equation (41). The last two columns

in Table A.6 show that our results still hold.

A4 Imported Inputs from China

As explained in the main text, a potential explanation for the empirical patterns doc-

umented in this paper is that countries get access to cheaper imported inputs from
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China after its accession to the WTO. If this channel is stronger for poor countries
compared to rich economies, this would explain why poor countries reduce their ex-
port prices relative to rich countries and can therefore sell more in the U.S. market.
To analyze this explanation, we perform two robustness checks.

First, we explore whether poor countries imported disproportionately more from
China compared to rich countries after Chinese accession to the WTO. To this end,
we use UN Comtrade bilateral trade data to construct the total imports of each coun-
try ¢ from China in each six-digit HS product h, labeled as In v.;. We test this hy-
pothesis by regressing In v.;; on the difference-in-difference term D?%°? x Gap;, and

the triple-difference term In GD P, x D?%? x Gapy,:

Invey, = alDEOOQ X Gapyp + asInGDP, X Dfom X Gapy + Doy, + Do + €cne,

where Gapy, is the average tariff gap for six-digit HS product h. If this alternative
explanation is true, we would expect o, to be negative and significant.

Table A.7 presents the results. Column 1 shows that countries on average im-
ported more from China after its accession to the WTO, as expected. The triple-
difference coefficient in the second column is, however, very close to zero and also
statistically insignificant. We therefore do not find evidence that poor countries im-
ported disproportionately more from China relative to rich countries after China’s
accession to the WTO.

Second, we explicitly control for tariffs that each country imposes on Chinese
inputs to see whether our empirical results will still hold. To this end, we focus on
the textile industry since inputs of this industry are arguably easier to identify. In
particular, we restrict our sample to all 10-digit HS products in “textiles,” that is
the two-digit HS categories from 50 through 63. We treat the following two-digit

HS codes as inputs to textiles: 50 (silk), 51 (wool), 52 (cotton), 53 (vegetable textile
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Table A.7: Imports from China

Invepe In vene
D202 x Gapy, 0.347*** 0.348***
(0.015) (0.087)
In GDP. x D?°? x Gapy, -0.0002
(0.010)
Observations 2,284,393 2,173,199
R? 0.81 0.80

Notes: This table reports the effect of intensified competition from China on total imports by all
countries. The left-hand side variable is the log value of imports by each country. Right-hand side
variables are the interaction of tariff gap and post-2002 dummy, and the triple interaction of tariff gap,
post-2002 dummy, and log of the importing country’s GDP per capita. Data cover 1992 to 2005. Both
columns include country xproduct and country xyear fixed effects. Standard errors are clustered at
the country xproduct level and reported in parentheses. ***p < 0.01 **p < 0.05 *p < 0.1

tiber), 54 (man-made filaments), 55 (man-made staple fibers), and 56 (wadding, felt

and nonwovens, special yarns). In our regressions, we control for average tariffs

that each country imposes on these inputs imported from China.

Table A.8 presents the results. As columns 2 and 4 of this table show, the sign
of tariff variables are mixed and small overall. Moreover, after controlling for input
tariffs, the triple-difference coefficient of interest increases in the price regression
and decreases in the quantity regression, pointing to a mixed effect of tariffs on the
cross-country heterogeneous effect documented in this paper. Overall, the triple-

difference coefficients remain sizeable and significant after controlling for input tar-

iffs.

A.5 Weighted Regressions

The results reported in the main text are based on unweighted regressions. This
section employs different weighting schemes to address some potential concerns.
In particular, to ensure that our results are not driven by products with small initial
trade values, we perform two robustness checks using contemporaneous as well as

pre-2002 trade values as weights. Tables A.9 and A.10 present these results, respec-
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Table A.8: The Effects of China’s Accession to the WTO: Textiles

In Dcht In Pcht In Lcht In Leht
D007 Gapgn) -0.355*** -0.451*** 2.118*** 1.312***
(0.023) (0.031) (0.069) (0.083)
InGDP, x D2°7 x Gapyn) 0.031*** 0.051*** -0.202%** -0.137+**
(0.003) (0.004) (0.008) (0.009)
tarif gsm 0.0008*** -0.001
(0.0002) (0.001)
tam’ffcffs51 -0.001*** 0.0002
(0.0003) (0.001)
mmffgSSQ 0.0002 0.001
(0.0003) (0.001)
tariffg353 -0.000 0.005***
(0.000) (0.001)
tam’ffcft*'s54 -0.006*** 0.004***
(0.001) (0.002)
mmffg% 0.006*** -0.010%**
(0.001) (0.001)
tcwiffﬁ{s56 0.001* -0.011+**
(0.0004) (0.001)
Observations 410,627 187,832 410,627 187,832
R? 0.95 0.96 0.85 0.88

Notes: This table reports the effects of China’s accession to the WTO in the textile sector (two-digit
HS codes 50 through 63). The left-hand side variables in columns 1 and 2 are the prices of 10-digit HS
products exported to the U.S. by all countries except China, whereas columns 3 and 4 have quantities
on the left-hand side. The right-hand side variables are the same as those defined in Table 1. Columns
2 and 4 include the average tariffs that each country c imposes on China in year ¢ in two-digit HS
categories 50 through 56. Data cover 1992 to 2005. All columns include country xproduct fixed
effects. Standard errors are clustered at the countryxproduct level and reported in parentheses.
“rp < 0.01 **p < 0.05 *p < 0.1
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Table A.9: The Effects of China’s Accession to the WTO (weighted by contempora-
neous trade values)

In Dcht In Dcht In Lcht In Lcht
D002 Gapg(n) -0.103*** -0.204*** 0.073*** 0.934***
(0.008) (0.046) (0.017) (0.110)
InGDP,. x D% x Gapg(n) 0.011** -0.096***
(0.005) (0.012)
Observations 1,704,760 1,702,241 1,704,760 1,702,241
R? 0.93 0.93 0.88 0.88

Notes: This table reports the effect of intensified competition from China on the price and quantity
of products exported to the U.S. by all countries except China. The variables are the same as those
defined in Table 1. Observations are weighted by contemporaneous log trade values. Data cover
1992 to 2005. All columns include country X product and country x year fixed effects. Standard errors
are clustered at the countryxproduct level and reported in parentheses. ***p < 0.01 **p < 0.05
*p<0.1

Table A.10: The Effects of China’s Accession to the WTO (weighted by pre-2002
trade values)

In Deht In Peht In Lcht In Lcht
DEOOQ X Gapg(h) -0.102*** -0.199*** 0.078*** 0.899***
(0.008) (0.046) (0.017) (0.113)
In GDP,. x D% x Gapyn) 0.011** -0.091%**
| (0.005) (0.012)
Observations 1,676,930 1,674,611 1,676,930 1,674,611
R? 0.93 0.93 0.88 0.88

Notes: This table reports the effect of intensified competition from China on the price and quantity

of products exported to the U.S. by all countries except China. The variables are the same as those

defined in Table 1. Observations are weighted by log trade values before 2002. Data cover 1992 to

2005. All columns include countryxproduct and countryxyear fixed effects. Standard errors are

clustered at the country xproduct level and reported in parentheses. ***p < 0.01 **p < 0.05 *p < 0.1
tively, and show that all results are qualitatively and quantitatively similar to our
unweighted regressions.

Moreover, another potential concern is that tariff gaps alone may not correctly
capture the intensity of Chinese competition, especially when Chinese penetration
in the U.S. before its accession to the WTO varies substantially across products. To
address this potential issue, Table A.11 reports the results using pre-2002 Chinese

exports (in terms of quantities) relative to total exports to the U.S. in each HS10 as

weights. We again confirm that our results are robust to this weighting scheme.
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Table A.11: The Effects of China’s Accession to the WTO (weighted by pre-2002
Chinese quantities)

In Dcht In Dcht In Lcht In Lcht
D002 Gapg(n) -0.081*** -0.275%** 0.117*** 0.975%**
(0.018) (0.092) (0.033) (0.204)
In GDP. x D22 x Gapyn) 0.021* -0.094**
(0.011) (0.023)
Observations 1,559,441 1,557,260 1,559,441 1,557,260
R? 0.89 0.89 0.85 0.85

Notes: This table reports the effect of intensified competition from China on the price and quantity of
products exported to the U.S. by all countries except China. The variables are the same as those de-
fined in Table 1. Observations are weighted by pre-2002 quantities exported by China relative to total
quantities exported to the U.S. Data cover 1992 to 2005. All columns include country xproduct and
country xyear fixed effects. Standard errors are clustered at the country x product level and reported
in parentheses. ***p < 0.01 **p < 0.05 *p < 0.1

A.6 Heterogeneous Chinese Penetration

We attribute our empirical results to China’s accession to the WTO. Hence, we
would expect these effects to be stronger for the products in which China appeared
to have a comparative advantage. To explore this idea, we divide the whole sample
into two subsamples based on Chinese penetration in the U.S. market. In particular,
we compute changes in Chinese share in total U.S. imports in each HS6 sector from
pre to post 2002 and divide the sample based on the median. We then run the same
regression (2) for each subsample separately. Table A.12 presents the results. As ex-

pected, all effects in Panel B of this table are stronger than their counterpart in Panel

A.
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Table A.12: The Effects of China’s Accession to the WTO (low versus high Chinese
penetration)

{Panel A: Low Chinese Penetration} Inp.: In pent Inz.pe Inz.pe
D002 Gapy(n) -0.075*** -0.129** 0.046** 0.887***
(0.011) (0.062) (0.022) (0.141)
InGDP,. x D% x Gapgyn) 0.006 -0.094***
(0.007) (0.016)
Observations 1,704,760 1,702,241 1,704,760 1,702,241
R? 0.93 0.93 0.88 0.88
{Panel B: High Chinese Penetration} Inp.: In pept Inzpe Inzone
Dt2002 X Gapg(h) -0.134*** -0.401*** 0.131*** 1.038***
(0.013) (0.081) (0.026) (0.181)
InGDP, x D?°92 x Gapy(n) 0.029*** -0.099***
(0.009) (0.020)
Observations 1,704,760 1,702,241 1,704,760 1,702,241
R? 0.93 0.93 0.88 0.88

Notes: This table reports the effect of intensified competition from China on the price and quantity
of products exported to the U.S. by all countries except China. The variables are the same as those
defined in Table 1. We divide the sample into two subsamples based on the median of changes in
Chinese share in total U.S. imports in each HS6 sector from pre to post 2002. Data cover 1992 to 2005.
All columns include country x product and country xyear fixed effects. Standard errors are clustered
at the country x product level and reported in parentheses. ***p < 0.01 **p < 0.05 *p < 0.1

B Proofs

B.1 Proof of Proposition 1

According to equation (15), the distribution of the highest utility that can be sourced

from i equals

Ji(ur) = Pr(Uil <) =Gi(ur,ur) = eXP(q’iUIQi)- (43)
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The probability of country i being the supplier for a particular good is

m=Pr{U] > U}, Vj#i}

EAUSDEE

JFi

/ exp(— Z@u )0,0;u7 % exp(—®u~%)du

J#i

:<I>Z~9i/ 0i= exp Z@u J'
0

B.2 Rewriting Firms” Optimization Problem

Consider the profit-maximization problem (20):

o— wld Z’L o— i
max Ty () = Bla/p)™" = (=Bl 4w
s.t. —>U

Di

We substitute for price using the demand function (4) and impose the fact that the
constraint 57 >U ;(2) is binding at the solution. This delivers the following optimiza-

tion problem

”
max Iy () = B(Uf(z))‘jf1 — (/= + wizfi) (44)
4,2 ¥

s.t. 2 > B(U*(Q))

This problem shows that the revenue of an incumbent firm (i.e., the first term in the
profit function) is determined by the second-best firm. This makes the best firm a

cost-minimizer and its optimization problem can be rewritten as a cost-minimization
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one

~
. w;d;z; Bi
min T; + w;z;
Ti,2q

(45)

s.t. ZiX; > B(U;@))a .

Notice that for simplicity of exposition, Figure 4 expresses the constraint by U;

instead of the full term B(U. ;(2))".

B.3 Alternative Model Specifications

This section provides three alternative model specifications and shows why these
alternative models could not rationalize our empirical facts or do not have well-

defined solutions.

B.3.1 Alternative Specification 1

Consider the model in the text, but suppose the parameter v is country-specific
while the fixed-cost parameter 3 is the same across countries. Specifically, suppose

the cost function in equation (10) takes the following form

Wi 27
T+ wizﬂ .

Cin(z,2z;0) = (46)

Consider a winner from country ¢ selling to Home. Solving this firm’s profit max-

imization problem analogous to (20) delivers the following optimal price, quality,
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and quantity:
([ BU-7) |’
[ - } U@y it U > a0
p; = wi(B+1— ) (47)
\p;non if U]*(Z) < 61UZ*(1)
)
B 1 - s * z * . * *
{ (=) } e @Oy i U s s
= lw(Br1=7) (48)
| 2mon if U@ <ou
Bl_l { (1 —’Vz) :| ( >}<(2)>§%<U‘*(1))_¢1 if Uf(Q) S (51'U-*(1)
v — w(B+1=m)) Z : Z (49)
Zrn if U®<ou"
\
where
6 +1-— i — O
&= - ﬁ+117- <0, (50)
g
j= >0,
g f+1—
o(B — %)
i =———">>0,
‘ f+1—"
B-lo-11 =)
Y = — <0
BB+1—m)
and the monopolist’s quality and price are given by
wio di 1 — PO
mon _ | B o("\1-0o
4 S5 ,
O\ Wili |\ monyy,
P = (—— 1)7(% ). (51)

Similar to what we did in the text, we explore cross-country heterogeneity in

the elasticities £, £7, and & to evaluate firms’ responses to competition. Rich coun-

tries are more capable of producing high-quality products (i.e., they have lower ;).

As we move from poorer to richer countries, ; decreases, causing the competition
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elasticity of price & (in absolute terms) and that of quantity & to rise. This implies
that incumbent firms from poor countries (compared to those from rich countries)
respond to direct competition mainly by increasing their prices and reducing their

quantities. This is in contrast to our documented empirical facts.

B.3.2 Alternative Specification 2

We now consider a model specification without a fixed cost of quality production
in which countries differ in their variable cost of producing quality. In particular,

suppose the cost function takes the following form

Ww; dm 2
T
¥

Cin(x,2;0) = (52)

Consider a producer from country i selling to Home. The highest utility U;(y) that
this producer can deliver to Home’s consumers subject to earning a non-negative
profit solves the following maximization problem:

Zi

max Ui(p) = (53)

Zi,Pi Pi

idiz]"
s.t. I = B(z/pi)” " — uBzf_lpi_” >0.
P

To deliver the highest utility, the constraint should hold with equality, which implies

¥

Therefore, the highest utility U;(y) that this producer can deliver to Home is equal

to

. — ﬁ — ' '1—%'
max Ui(p) . widiz . (55)
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It is straightforward to show that this problem has a corner solution. In particular, if
7; > 1, this producer could provide an infinitely large utility by providing a quality
close to zero, z; — 0. If 7; < 1, this producer could provide an infinitely large utility

by setting z; — oo.

B.3.3 Alternative Specification 3

Here we consider another model specification without a fixed cost of quality pro-

duction. Suppose the cost function takes the following form

B
Cin(, 2;0) = widmz (27 + %) (56)

Consider a producer from country ¢ selling to Home. This firm solves the following

profit-maximization problem

8
max (@) = B(zi/pi)" " — widin (2] + %)BZE’_I I
PiyZi

s.t. il > U;@) )

Di

Imposing the fact that the constraint is binding at the solution and solving this opti-

mization problem delivers

(%@U(ﬁ—w)
Uj (2)
by = (1 — )Y E=w)
1 /B _ 1 bl
* o 1 - % .
T = (Uj@)) B(ﬁ — ©) /(vi=B)

These optimal choices show that this model is not able to explain the empirical facts

documented in this paper. In particular, there is no cross-country heterogeneity in
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the responses of price and quantity to competition as the elasticities of p; and z;
with respect to U ;(2) are not country-specific. Furthermore, quality upgrading in

response to competition is absent in this model, that is z; does not change with U ;(2)

B.4 Proof of Proposition 2
To prove this proposition, we make use of two lemmas.

Lemma. The joint distribution of the highest ( Ur) and second-highest utility (U ;‘(2) ) that

can be delivered to the Home market is
G(uy,ug) = exp(— Zq)uQ {1—1-2(1) b _ulf}. (58)
Proof.

G(uy,ug) = Pr{UZ-*( < u, UA( ) < uy}

I Y

i—1 J#i

= exp(— Z@uQ {1+Z(I> 27— ur®)} (59)
O

The second line in the proof breaks the probability into two parts. The first term is
the probability that the highest utility from all source countries is less than u,. The
second term is the probability that the highest utility sourced from i is greater than
ug but less than u;, and the second-highest utility sourced from i and the highest
utility sourced from the rest of the world is less than u,, and then summing this

probability across all countries.

Lemma. The joint distribution of the highest (U;"")) and second-highest utility (U;®) in
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the Home market conditional on country i being the source is

®,0;, [** _, P,
G (uy, ug|i source) = / bi=1 exp(— E Q" )dx + — ( .~ ) exp(— E Djuy
0

U

(60)

Proof.

G(uy, uz|i source) :Pr{U:( < uy, U.( ) < us|i source}

PY{U;O < uy, Uj( ) < ug, i source}
B Pr{i source}
JoZ exp(= 2, @a %) @020 L exp(— Dz )da

T
+<I>i(u2 b — ul %) exp(—®uy ") [1. exp(=Pjuy )
7r»
<I>161 —0: CI) —0; j
= Oi— (I) d (I) J .
7Ti/0 Lexp(— Z ) de + — ( ) exp(— Z Uy
(61)
[

Now in the case of Cobb-Douglas utility, plugging ¢ = 1 into equations (58)

and (60) yields the simple form
GCd(ul, Ug) = GCd(ul, us|i source) = exp(—@uge){l + @(u;e — ul_e)}, (62)

where ® = }"" | ®; and superscript cd refers to Cobb-Douglas utility.

The total export value of country i to Home is equal to V; = M, E(v;|i source)
where 1, is the measure of products exported by ¢ and v; is the export value of a
typical product exported by i. Normalizing the measure of all products consumed

in the Home market to one delivers M; = m;. Given that v; = EP°~(U ;(2))0_1, then
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country ¢’s trade share s; would be

. 7 E(v;]i source)
" >, meE(vilk source)
ﬂiE((U;@))"*lﬂ source)

a > WkE((U;@))U_IU{Z source)

The third equality comes from the fact that since G°(uy, us|i source) is identical
foralli = 1,...,n, hence: V i,k : E((U;(Q))”_lh' source) = E((U;(Q))"‘llk source).

The fourth equality follows by substituting ¢ = 1 in equation (17). This proves

Proposition 2.

B.5 Proof of Proposition 3

Let’s first derive the distribution of U ;(2) /U™ conditional on U ;(2) = u

N D W
@ =" =) T T ey w)duy

7

= ZEG.

Since the distribution of U ;(2) JUY conditional on U ;(2) = u doesn’t depend on the

value of u, then it will be equal to the unconditional distribution:

U’f(z) U*(Q)
Pr (% < x) =Pr (ﬁ <z ]U]’f@) =u| =27

(2 1

Since G (uy, us) = G(uy, usi source), then

UT(Q) UT(Q)
Pr #gxusource =Pr ﬁgx =20,

K3 K3



Online Appendix: For Online Publication only 77

B.6 Proof of Proposition 5

Part (i)

We need to show that h,(¢|) = h(C|e). So let’s first derive hy,((|p):

@ Fr
hy(Cle) = Pr(z; < (lp) = Pr | 2 (UJ*(1)> <(l¢ ],

%

where we assumed that country i is the nationality of firm ¢. Since we conditioned
on ¢ and according to equation (12), Ui*(l) is completely determined by ¢ (Ui*(l) =

1
Ui(p) = Ajp™=-DX), we can therefore write

I S L
i =>\= i |Ui = Ui(p)

i

Pr ((Ui*(l) = Ui(go)) N (i source)>

P, (gi)&ﬂ—” Ui(gp)) -0 exp (—q)g[ (§> —0(Bi+1—7) Ui(go)_9>

®;0U;(0) 0L exp (D% Us(¢)~?)
—0(Bi+1—)

_ (z£ : Ui(p) e (_(I)?{Ui(@)_a ((z%) —0(8;+1—7) - 1)) |

where @4, captures the competitiveness of Home before the fall in the trade cost.

It is clear that reducing trade barriers with any given country would increase the
competitiveness of Home by increasing its 5. So the expression for h,((|¢) can be
obtained by replacing ®% by ®% where ¢4, captures the competitiveness of Home
after the fall in the trade cost and ®¢, > ®%,. Then we can conclude that h,(C|p) <
hy(¢|¢), which proves the claim.

Part (ii)
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According to Proposition 2, the trade share of country i is equal to
®;
T, = —/—.
o

Reducing the trade cost d; would change the trade shares of exporting countries
according to

aﬂ-j d%ﬂ-iﬂ-j if ] 7é 1

od;

Now taking derivative of the quality distribution H(¢) with respect to d; delivers

z;

OH(C) :2": o, ()1
ad; < a4,

_0771’ W'2_6(5j+1_7)<0(ﬁj+17'y) _ %(1 . W')Zi9(5i+177)<9(5i+177)

- d iad/) d 1)~
b ’
Om; =—0(B;+1—7) ~0(B;+1— Om; =—0(Bi+1—7) ~0(B;+1—
— dl Zﬂ-]z] J v C (/BJ"Fl ’Y) _ d_zzﬂ-]zz ( ’YC (61"‘1 'Y)
J#i J#i
. 97Ti . )
(OIS (B - ), (63)
b

where F; = Zj_e(ﬁjﬂ_“’).

If country ¢’s quality is stochastically inferior to the average quality in the Home
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market, we can write

C 0(Bi+1—7) n C 0(Bj+1—)
Hi(Q) < H(Q) = (—) >3, (—)
1

= Y (B — B¢ <0
j=1

=Y (F¢" = F¢™) <. (64)
J#i

Combining equations (63) and (64) yields

This means that reducing the trade cost d; would stochastically downgrade the qual-

ity distribution.

B.7 Labor Demand

Here we derive the total labor demand in country i. Given the cost function (10),
the labor demand for a firm with productivity ¢ from country i serving country n
equals (d;,,27/p)z; + zf ‘. Substituting for x; and z; from equations (22) and (23), we

can write the labor demand for this firm in destination n as

Aj(o—=1)—1

%(U;@))ﬁ(U:(l)) T+ if U;(Q) > (5¢Uz‘*(1)
lin = . (65)
%?5i1+/\1‘ (Ui*(l))ofl lf U]*(?) S 5ZU;<(1)
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As proved in equation (60), we can write the joint distribution of the highest (Ui*(l))
and second-highest utility (U ;(2)) in country n conditional on country i being the

source as

(I)lnez " ; CI) —0; j
G(uy,us|i source) = / 2% exp(— Z Oz ) dr + =2 (uy ¥ — ) exp(— Z O juy ™).
0

in in

(66)

We can then derive the associated conditional density function as

0%G (uy, us)i source D0, _p 1~ .
g(u1, uzli source) = (s, | ) - ur” 1(29j‘1)jnuzej ) exp(— Z‘P]nug

Ouy Oug Tin, 1
]:

(67)
Given equations (65) and (67), we can write total labor demanded from origin ¢ in

destination n as

Lgln = Win/ / lmg(ul, U2|Z source)duldUQ. (68)

Simplifying the equation above along with the fact that the total labor demand in

country ¢ equals ETJLI L¢ will deliver the result.
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C Additional Tables and Figures

Table C.1: Summary Statistics

Mean Median SD Obs.
In pepy 3.182 2.788 2.793 1,954,174
In 2.t 9.274 9.415 3.491 1,954,174
Gapgn) 0.345 0.330 0.226 1,803,168
InGDP, 9.164 9.919 1.311 1,947,719

Notes: This table provides summary statistics for the variables defined in Table 1.

Table C.2: The Response of Chinese Penetration in the U.S. to its WTO Accession

ChinaSharey,;
D002 Gapgyn) 0.051***
(0.008)
Observations 91,176
R? 0.80

Notes: This table reports the effects of China’s accession to the WTO on its market share in the U.S.
ChinaSharey,; measures U.S. imports from China relative to total U.S. imports in product % at time ¢.
The right-hand side variable is the interaction of tariff gap and post-2002 dummy. Data cover 1992
to 2005. Product and year fixed effects are included in the regression. Standard errors are clustered
at the product level and reported in parentheses. ***p < 0.01 **p < 0.05 *p < 0.1

Table C.3: The Response of Quality to China’s Accession to the WTO

In zept Inzepe
D002 Gapg(n) 0.392%** 0.144
(0.017) (0.111)
InGDP,. x D% x Gapy(n) 0.027**
(0.012)
Observations 1,100,438 1,100,417
R? 0.97 0.97

Notes: This table reports the effect of intensified competition from China on the quality of products
exported to the U.S. by all countries except China. The left-hand side variable is our estimated log of
all 10-digit HS product h exported by country c at time ¢ to the U.S., following Khandelwal (2010)’s
methodology. The right-hand side variables are the same as those defined in Table 1. Data cover 1992
to 2005. All columns include country xproduct and country xyear fixed effects. Standard errors are
clustered at the country xproduct level and reported in parentheses. ***p < 0.01 **p < 0.05 *p < 0.1
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Table C.4: China’s Response to its WTO Accession

In ppe In zp,
D002 Gapgn) -0.170*** 0.232%**

(0.027) (0.071)
Observations 91,176 91,176
R? 0.93 0.88

Notes: This table reports the effects of China’s accession to the WTO on its prices (column 1) and
quantities (column 2) of all HS510 products h exported to the U.S. The right-hand side variable is
the interaction of tariff gap and post-2002 dummy. Data cover 1992 to 2005. Both columns include
product and year fixed effects. Standard errors are clustered at the product level and reported in
parentheses. ***p < 0.01 **p < 0.05 *p < 0.1

C.1 China’s Response to its WTO Accession.

This section investigates China’s own response to its accession to the WTO and com-
pares it with the data to provide additional validation of the model. To this end, we
tirst describe what the model predicts regarding Chinese firms’ responses to a re-
duction in their trade costs to the U.S. market. Consider a Chinese firm that is the
tirst-best (winner) in a particular product in the U.S. market. In this case, the in-
dex 7 in equations (21) to (23) denotes China. A reduction in the iceberg cost from
China to the U.S. would increase the maximum utility that this firm can deliver to
U.S. consumers (Ui*(l)), according to equation (12). This rise in Ui*(l) puts downward
pressure on prices and upward pressure on quantities (since ); < 0). Moreover, in
the case that the second-best producer is also a Chinese firm, U ;(2) rises as well, rein-
forcing the fall in prices and the rise in quantities (since £/ < 0 and &7 > 0). In sum,
our model predicts that after China’s accession to the WTO, Chinese prices fall and
their quantities rise.”> We test these predictions of the model using a similar speci-
fication to equation (2), where we restrict the exporting country to China and drop
the triple-difference term accordingly. Table C.4 reports the results, which confirm

our model predictions.

*Notice that our model has an ambiguous prediction regarding the quality of Chinese products:
in equation (22), &7 > 0 while ; < 0.
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C.2 Extensive Margin

This section examines the cross-country heterogeneous response to China’s acces-
sion to the WTO on the extensive margin, both in the model and the data.
In the model, the fraction of products exported by country i to Home (i.e., the

U.S.) is given by equation (17) in the paper
T = @Z-Qi/ u_oi_lexp(— g qu_ej)du.
0 -
J

To examine the elasticity of 7; with respect to a change in the trade cost from country
Jj #itotheU.S,, d;, we write

2_2% = —_q?fidj %/0 w00 exp(— Xk: Orpu %) du. (69)
Given the definition of ®; below equation (14), it is straightforward to verify that
0®;/0d; < 0 and therefore 0m;/dd; > 0. Hence, the model predicts that a reduction
in Chinese trade costs to the U.S. reduces the number of products exported by other
countries to the U.S., which is intuitive.

We now investigate how this extensive margin effect in equation (69) varies
across exporting countries. Given that this equation does not have a closed-form
solution, we solve it numerically, employing the parameters estimated in Section 4.
For each exporting country i to the U.S., Figure C.1 plots the elasticity of m; with
respect to the iceberg cost from China to the U.S. against the exporting country’s
efficiency in quality production, ;. As this figure clearly shows, our model implies
that this elasticity is larger for poor countries, indicating that the number of prod-
ucts exported by poor countries to the U.S. should decrease more than that of rich
countries in response to China’s accession to the WTO.

To examine whether these model predictions align with the data, we employ an
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Figure C.1: The Response to China’s Accession to the WTO on the Extensive Margin
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analogous empirical specification to equation (2) but replace the left-hand side with

the fraction of HS10 products that each country exports to the U.S. within each HS8

category, my,). Table C.5 presents the results and confirms both predictions of the

model. In particular, the number of products exported to the U.S. by other countries

decreases in response to China’s accession to the WTO (the first column), with this

reduction being more pronounced for poorer countries (the second column).
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Table C.5: The Response to China’s Accession to the WTO on the Extensive Margin
(Data)

In7yn) n 7y n)
D002 Gapy(n) -0.710*** -1.162%**
(0.009) (0.053)
InGDP,. x D92 x Gapyn) 0.051***
(0.006)
Observations 1,803,051 1,797,366

Notes: This table reports the effect of intensified competition from China on the fraction of H510
products that each country (except China) exports to the U.S. within each HS8 category, m,,). The
right-hand side variables are the same as those defined in Table 1. Data cover 1992 to 2005. Both
columns include country xyear fixed effects. Standard errors are clustered at the country xproduct
level and reported in parentheses. ***p < 0.01 **p < 0.05 *p < 0.1

Figure C.2: Fit of the Estimated Model
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Table C.6: List of Countries

Country ISO3 Code  Labor Force (thousands) Wage (US$)  GDP (Million US$)
Australia AUS 9012 25881 376634
Austria AUT 3931 30821 178172
Belgium BEL 4109 34997 214342
Bulgaria BGR 3239 1560 10292
Brazil BRA 78972 3577 567321
Canada CAN 15048 25776 675314
China CHN 720850 844 1199693
Cyprus CcYP 315 29548 15171
Czech Republic CZE 4940 6150 53082
Germany DEU 39144 30970 1772483
Denmark DNK 2712 34814 142350
Spain ESP 16412 21351 544827
Estonia EST 573 5179 5257
Finland FIN 2293 30381 109876
France FRA 24332 31697 1232529
United Kingdom GBR 29617 30829 1323724
Greece GRC 4255 14619 114952
Hungary HUN 4250 6186 42040
Indonesia IDN 93321 880 164235
India IND 416883 574 453137
Ireland IRL 1697 28785 89437
Italy ITA 22930 28205 1016047
Japan JPN 65253 41780 4724855
South Korea KOR 21136 17193 486734
Lithuania LTU 1399 3741 10289
Luxembourg LUX 264 39266 18738
Latvia LVA 941 3890 7186
Mexico MEX 39226 5352 585439
Malta MLT 146 12949 3361
Netherlands NLD 8115 29213 356573
Poland POL 15018 7893 151266
Portugal PRT 5030 13548 101738
Romania ROU 10771 2086 34052
Russia RUS 73726 1823 236179
Slovakia SVK 2025 5248 26546
Slovenia SVN 905 12513 15366
Sweden SWE 4301 34965 225382
Turkey TUR 21580 4677 239733
United States USA 147717 41164 9950002
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Table C.7: Estimated Parameters for Technology and Production Cost of Quality

Country log(T) Jé] Country log(T) B
Australia 7.04 5.89 Ireland 6.40 5.72
Austria 7.36 6.26 Italy 8.47 7.10
Belgium 7.96 6.58 Japan 9.37 5.02
Bulgaria -3.68 13.56 South Korea 6.66 825
Brazil 0.91 8.34 Lithuania -0.64 1154
Canada 7.11 572 Luxembourg  6.31 6.12
China -2.76 1690 Latvia -0.56  12.85
Cyprus 6.55 7.37  Mexico 2.14 7.56
Czech Republic 1.84 10.14 Malta 210  6.55
Germany 8.88 6.67  Netherlands 784  6.79
Denmark 7.69 6.05 Poland 362 11.11
Spain 7.25 7.50  Portugal 4.71 7.64
Estonia 0 10.29 Romania -1.87  12.87
Finland 7.21 6.31 Russia -124 1270
France 8.50 6.13  Slovakia 1.09 1153
United Kingdom 845  6.10 Slovenia 336 851
Greece 5.19 8.03 Sweden 7.96 5.99
Hungary 1.65 9.30  Turkey 216 1224
Indonesia -410 12.68 United States 10.13  5.50
India 511 1277

Notes: This table reports the estimated values for technology parameters 7" and quality cost parame-
ters . The technology parameter for Estonia is normalized to one (this choice is arbitrary since only
relative productivities matter).

Table C.8: The Effects of China’s Accession to the WTO (using tariff gap as an IV for
China Share)

In Dcht In Pcht In Lcht In Lcht
D292  ChinaShare, ) -0.868*** -1.850%** 0.582%** 7744+

(0.071) (0.423) (0.148) (0.965)
D3?%92 x ChinaShare, ), 0.109** -0.794*+*
InGDP, (0.048) (0.106)
Observations 1,704,760 1,702,241 1,704,760 1,702,241

Notes: This table reports the effect of intensified competition from China on the price and quantity of
products exported to the U.S. by all countries except China, using an instrumental variable approach.
In the first stage, we regress the share of China in each HS8 category in the U.S. on the associated
tariff gap. ChinaSﬁareg( n)¢ is the predicted value from the first stage, employed in the second stage.
Other variables are the same as those defined in Table 1. ***p < 0.01 **p < 0.05 *p < 0.1
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Table C.9: Cross-Country Differential Response to Competition in Simulated Data
(vy=10.9)

Model with quality Model without quality
In Dcht In Pcht In Lcht In Lcht In Dcht In Pcht In Tcht In Tcht
Dy x ChinaSharey;),  -0.061*** -3.828*** 0.236*** 3.901***  -0.077*** -0.083* 0.214*** (.237
(0.006) (0.056) (0.017) (0.167) (0.005) (0.047)  (0.018)  (0.179)
D, x ChinaShareq(h)t X 0.368*** -0.358%** 0.001 -0.002
InGDP, ’ (0.005) (0.016) (0.005) (0.017)
Observations 29,553 29,553 29,553 29,553 28,294 28,294 28,294 28,294

Notes: This table reports the effects of intensified competition from China on simulated export prices
and quantities to the U.S. market, as described in the text. Standard errors are reported in parenthe-
ses. Numbers are rounded to the nearest thousandth. ***p < 0.01 **p < 0.05 *p < 0.1

Table C.10: Cross-Country Differential Response to Competition in Simulated Data
(0 =1.5,0 = 1.5)

Model with quality Model without quality
In Dcht In Pcht In Tcht In Tcht In Dcht In Dcht In Tcht In Tcht
D; x ChinaShare, ), -0.157*** -5.288*** 0.215*** 5.343***  -0.188*** -0.226** (0.248** 0.306"
(0.011) (0.121) (0.016) (0.174) (0.010) (0.107)  (0.015)  (0.161)
D; x ChinaShare ) x 0.497*** -0.497+** 0.004 -0.006
InGDP, (0.012) (0.017) (0.010) (0.016)
Observations 28,146 28,146 28,146 28,146 30,961 30961 30,961 30,961

Notes: This table reports the effects of intensified competition from China on simulated export prices
and quantities to the U.S. market, as described in the text. Standard errors are reported in parenthe-
ses. Numbers are rounded to the nearest thousandth. ***p < 0.01 **p < 0.05 *p < 0.1

Table C.11: Cross-Country Differential Response to Competition in Simulated Data
(0 =2.25,0 = 2)

Model with quality Model without quality
In Pcht In Dcht Inzcpy Inzep In DPcht In Dcht Inzepy  Inwep
D; x ChinaShare, ),  -0.125"** -4.256*** 0.256*** 4.281"**  -0.140*** -0.146* 0.251"**  0.265
(0.009) (0.089)  (0.019)  (0.199) (0.008)  (0.087)  (0.019)  (0.196)
D; x ChinaShare,; x 0.402*** -0.391*** 0.001 -0.001
InGDP, (0.009) (0.019) (0.008) (0.019)
Observations 28,881 28,881 28,881 28,881 27,575 27,575 27,575 27,575

Notes: This table reports the effects of intensified competition from China on simulated export prices
and quantities to the U.S. market, as described in the text. Standard errors are reported in parenthe-
ses. Numbers are rounded to the nearest thousandth. ***p < 0.01 **p < 0.05 *p < 0.1
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Table C.12: Cross-Country Differential Response to Competition in Simulated Data
(0 =2.25,0 = 4)

Model with quality Model without quality
In Dcht In Pcht In Tcht In Lcht In Dcht In Pcht In Tcht In Tcht
D; x ChinaShare, ),  -0.059*** -3.545*** 0.107*** 3.586™**  -0.069*** -0.097*** 0.124*** 0.188"*
(0.006) (0.058)  (0.009)  (0.095) (0.004) (0.035)  (0.008)  (0.079)
D; x ChinaShare ) x 0.339*** -0.338*** 0.003 -0.006
InGDP, (0.006) (0.009) (0.003) (0.008)
Observations 29,205 29,205 29,205 29,205 28,314 28,314 28,314 28,314

Notes: This table reports the effects of intensified competition from China on simulated export prices
and quantities to the U.S. market, as described in the text. Standard errors are reported in parenthe-
ses. Numbers are rounded to the nearest thousandth. ***p < 0.01 **p < 0.05 *p < 0.1
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