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Abstract

Modern trade models attribute the dispersion of international prices to physical and
man-made barriers to trade, to the pricing-to-market by heterogeneous producers and
to differences in the quality of output offered by firms. This paper presents a general
equilibrium model that incorporates all three of these mechanisms. Our model allows
us to confront Chinese firm-level data on the prices charged and revenues earned across
markets. We show that all three mechanisms are necessary to fit the distribution of prices
and revenues across firms and markets. Accounting for endogenous quality heterogeneity
across markets and firms is shown to be critical for the welfare implications of trade and
for the response of prices to trade and tariff shocks.
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1 Introduction

The literature on quantitative general equilibrium models has blossomed in recent years. The
popularity of these models is driven by their simplicity, by their ease of calibration, and by their
flexibility to be adapted for the analysis of the impact of a wide variety of policies. Further, as
shown by Eaton, Kortum and Kramarz (2011) these models can successfully confront firm-level
microdata on the distribution of sales within and across countries. One feature of the microdata
that has received less attention in the development of quantitative general equilibrium models
is the joint distribution of firm-level prices and sales within and across countries. As has been
shown in existing descriptive work (e.g. Manova and Zhang, 2012), firms from a given source

country charge very different prices across countries.

In this paper we develop a simple quantitative general equilibrium model with heteroge-
neous firms that has been designed to confront the joint distribution of firm-level prices and
sales. Variation in prices within-firm, across-country stem from the interaction between trade
costs that vary between countries, firms’ decisions to price-to-market, and firms’ endogenous
provision of goods of different quality to different countries. Our model includes all three of
these features. With respect to trade cost, we explicitly allow for both standard iceberg (ad-
valorem) trade costs and specific (fixed per unit) trade costs. This is natural because both
types of trade costs are likely to be a feature of the constraints facing exporters in the real
world and because the interaction between the two types of trade costs has been shown to
affect the quality decision of firms (Hummels and Skiba, 2004).

We also allow firms to choose the quality of goods that they provide to each market that
they serve. We assume that the marginal cost of production is increasing in output quality and
decreasing in firm productivity. Because specific trade costs are not increasing in the quality
of goods sold, firms can lower their cost of serving markets with high specific trade costs by
upgrading quality, and the incentive to do this is rising in a firm’s productivity because these
firms sell the largest number of units. Hence, our specification delivers a “Washington-Apples”
effect that varies in strength across both countries and firms and so provides a mechanism to

fit the joint distribution of prices and revenues.!

With respect to pricing-to-market, we follow Jung, Simonovska and Weinberger (2019) by
assuming that CES-like preferences that have been generalized to allow for an endogenous
“choke price”. Firms in our model first minimize quality-adjusted marginal costs and then
set quality-adjusted prices to maximize profits in each market that they serve. While the
correlation between quality-adjusted prices and quality-adjusted revenue will be negative due
to the optimal markup choices of the firm, the correlation between observed (unadjusted) prices

and (unadjusted) revenues will be positive as in the data.

Our paper has novel implications for the estimation of gravity equations. A large class

LOur formulation adapts Feenstra and Romalis (2014) to be more in line with the initial formulation in
Hummels and Skiba (2004). Feenstra and Romalis (2014) do not adapt their mechanism to confront firm-level
data.



of models generates gravity equations in which the elasticity of trade flows with respect to
trade costs reveals key structural parameters (Arkolakis, Costinot and Rodriguez-Clare, 2012;
Arkolakis et al., 2019). Our model also generates a gravity equation in which the appropriate
measure of trade costs is the geometric average of specific and iceberg trade costs where the
weights reflect the elasticity of marginal cost with respect to quality. In standard models a
common way to estimate the trade elasticity using tariffs, which are generally ad-valorem, as
a measure of trade costs (e.g. Head and Mayer, 2014). In our framework with specific trade

costs, this calibration strategy necessarily leads to an underestimate of the key macro elasticity.

We calibrate our model to aggregate trade flows (gravity) and to the joint distribution of
firm-country level price and sales from Chinese customs data. By selectively shutting down
model mechanisms and recalibrating, we show how various mechanisms help fit the joint dis-
tribution of prices. Only our model with endogenous quality and pricing to market can ac-
commodate the positive correlation between firm-level prices and sales in the data. Moreover,
in attempting to fit the positive correlation between firm-country level prices and sales rev-
enues, special cases of our model that lack either pricing-to-market or an endogenous quality

mechanism generate unreasonable estimates for key parameters.

Our model also contributes to our understanding of the response of prices to trade cost
shocks. Much recent work analyzes the markup responses of firms to changes in trade policy
(e.g. De Loecker et al., 2016; Jung, Simonovska and Weinberger, 2019). In our setting, shocks
to trade costs affect firm-level prices through multiple mechanisms. On the one hand, firms
respond to any shock to quality-adjusted marginal costs by changing their markups. On the
other hand, firms also adjust the quality of their output and this induces a price response as

quality-adjusted marginal costs change.

To illustrate the potential for quality adjustment to be confused for adjustment in markups,
we consider a comparative static exercise in which we alternatively shock specific and iceberg
trade costs to each Chinese trading partner by enough to lower trade by 5 percent. These
shocks have equivalent welfare effects but generate very different price responses. Because
increases in specific trade costs induce firms to raise their quality, they lead to exaggerated
price increases, whereas shocks to ad valorem trade costs induce firms to lower the quality of
the goods they provide and so lead to small changes in prices. Hence, the model demonstrates
the need to know the nature of trade shocks before making predictions over the associated

price changes.?

Finally, we show that in the case of generalized CES preferences that it is possible to
derive closed form, sufficient-statistic-type expressions for the gains from trade. We show that
conditional on the trade elasticity, generalized CES preferences imply larger gains from trade
than CES preferences. This is due to the excessive love of variety implied by generalized CES

preferences. Intuitively, with generalized CES preferences, consumers obtain positive levels of

20n a related note, variation in prices across countries are occasionally used to measure trade costs. If
bilateral trade costs vary in their mixture of specific and ad valorem costs, much of the observed differences in
prices would be due to quality upgrading rather than absolute levels of trade costs.



utility simply for having the option to consume a good. Hence, goods available at the choke
price lead to strictly positive levels of utility as is the case in models with fixed export costs

and standard CES preferences.

Our paper contributes to two strands of the literature that seek to understand the causes
and implications of international prices. First, our focus on endogenous quality puts our paper
into a literature that includes the recent paper by Feenstra and Romalis (2014) who provide
a monopolistic competition model that has been designed to estimate the quality of goods
traded and sold domestically with the intention of purging price indices of quality variation
across countries.®> As the authors are working with country-level data, they do not develop
their model to confront the firm-level joint distribution of prices and sales, which is the focus

of our paper.*

Second, our paper also contributes to the literature featuring variable markups. These
papers include Jung, Simonovska and Weinberger (2019) and Atkeson and Burstein (2008). As
in Jung, Simonovska and Weinberger (2019), we consider non-homothetic preferences and a
market structure that gives rise to variable markups across firms. Relative to their paper, we
also consider vertically differentiated products, quality upgrading opportunities, and specific
trade costs that give rise to the “Washington Apples” effect. Our framework, therefore, allows
for much of the variation across countries and firms to be attributed not to variation in market
power but to variation in quality of output. Allowing for quality upgrading helps to make the
model with variable markups more consistent with the well-known pattern in the data that
the most successful exporters tend to charge the highest prices (e.g. Manova and Zhang, 2012;
Harrigan, Ma and Shlychkov, 2015). Moreover, our framework highlights the differential effect

of specific and ad valorem trade costs on the international distribution of prices.

Our paper is also related to the recent work by Hottman, Redding and Weinstein (2016)
who allow for both market power and quality heterogeneity to drive price dispersion across
local prices in the United States. They find that a very substantial portion of heterogeneity
in market shares can be attributed to quality heterogeneity but with firms’ strategic pricing
decisions also playing a non-trivial role. By considering a more parsimonious setting, we can

conduct an analysis of the role of markup and quality dispersions to an international setting.

The remainder of this paper is organized into six sections. In Section 2, we develop a series of
stylized facts concerning the international pricing behavior of Chinese firms that we will use to
calibrate our model. In Section 3, we present a simple, quantitative general equilibrium model
that is able to rationalize these stylized facts and which can be quantified with features of our

data. In addition to characterizing the equilibria, we derive an expression for the welfare gains

3 A paper that analytically allows for firm heterogeneity, product quality differentiation, and variable markups
in an international context is Antoniades (2015). The paper shares the qualitative predictions of ours but makes
no effort to confront the model with data. Moreover, its use of linear quadratic preferences would make it difficult
to square with first-order features of the data.

4The literature on quality differences across countries is very rich. Earlier contributions include Schott
(2004), Kugler and Verhoogen (2009, 2012), Khandelwal (2010), Baldwin and Harrigan (2011), Manova and
Zhang (2012), Johnson (2012), Bas and Strauss-Kahn (2015), Harrigan, Ma and Shlychkov (2015), and Fan, Li
and Yeaple (2015, 2018).



from shocks to the international trading environment and compare the welfare implications of
our model to three other models, each of which contains only a subset of the parameters of
the benchmark model. In Section 4, we describe how we solve, calibrate and simulate our
benchmark model and the three alternative models. In Section 5, we assess the model’s fit
to the data, and contrast the model’s fit relative to other models that lack one or more of
the features of our model. In Section 6, we discuss the model’s quantitative implications for
the gains from trade. Again, we contrast the benchmark model’s predicted gains from trade
relative to alternative models that lack either the “Washington Apples” quality mechanism
or the variable markups mechanism or both. In Section 7, we illustrate how specific and ad
valorem trade shocks that have identical effects on welfare and on trade volumes have very
different effects on prices. This is important as it shows how micro-econometric models that
neglect specific trade costs may be misspecified. Finally, in Section 8, we provide concluding

comments.

2 Stylized Facts

2.1 Data

To document the stylized facts regarding export prices across destinations and across firms
within the same destination, we use two micro-level databases and one aggregate-level cross-
country database. Specifically, these are (1) the transaction-level export data from China’s
General Administration of Customs; (2) the annual survey of industrial firms from the Na-
tional Bureau of Statistics of China (NBSC); (3) the CEPII Gravity database that provides
destination countries’ characteristics such as population, GDP per capita, and distance to

China. We use data for the year 2004 to be consistent with the calibration exercise later.’

The China’s Customs database records each export and import transaction for the universe
of Chinese firms at the HS8 product level, including values, quantities, products, source and
destination countries, firm contacts (e.g., company name, telephone, zip code, and contact
person), enterprise types (e.g., state owned, domestic private, foreign invested, or joint venture),
and customs regimes (e.g., ordinary trade, or processing trade). We aggregate each transaction-
level data to various levels, including firm-HS6-destination country, firm-HS6, or HS6-country
for further analysis. We compute unit values (i.e., export values divided by export quantities)

as a proxy for export prices and focus on ordinary trade exporters.”

To characterize firms’ attributes such as TFP, employment, capital intensity, and wage,

°To calibrate our model, we construct bilateral trade shares following the method in Ossa (2014) based on
GTAP 9 Data Base for the year 2004 (see Section 4 for more details).

60Our main results use 2004 data. To check the sensitivity, we also experimented using the data in other
years between 2000-2006 and obtained similar results. We use Chinese HS6-level data because the product
codes are consistent over time while Chinese HS8 product classifications change over time.

"Processing traders have very little control over the prices that they receive for their goods and are often the
affiliates of foreign firms who directly control the prices in transactions. This is the key reason that processing
traders are excluded from this analysis.



we use the NBSC firm-level data from the annual surveys of Chinese industrial firms. This
database contains detailed firm-level production, accounting and firm identification information
for all state-owned enterprises (SOEs) and non-state-owned enterprises with annual sales of at
least 5 million Renminbi (RMB, Chinese currency). We use merged data of both the Customs

data and the NBSC firm survey data when firms’ characteristics are needed.®

2.2 Empirical Regularities

In this subsection, we report three stylized facts concerning export prices across destinations
and across firms within destination as well as the number of firms that export to each destina-
tion. Note that the existing literature has documented many of these facts separately, but it
is useful to show that they hold in the Chinese data. Moreover, it is these facts that we seek

to be able to explain within a single model and that we will use to calibrate this model.

Table 1: Export Prices across Destination

Dependent Variable: In(price)

(psne) In(phe)
(1) (2) (3) (4)

GDP per capita (current in US dollar) || 0.024***  0.026™*%* | 0.042%** (.045%**
(0.005)  (0.005) | (0.010)  (0.009)

Country-level Other Control no yes no yes
Firm-Product Fixed Effect yes yes no no
Product Fixed Effect no no yes yes
Observations 1,441,468 1,441,468 | 173,055 173,055
R-squared 0.946 0.946 0.831 0.831

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors corrected for
clustering at the destination country level in parentheses. Robust standard errors
corrected for clustering at the destination country level in parentheses. The depen-
dent variable in specifications (1)-(2) is the (log) price at the firm-HS6-country level,
and in specifications (3)-(4) is the (log) price at the HS6-country level. Country-level
other controls include population and distance. All regressions include a constant
term.

Fact 1: Ezport prices across destinations.— Based on the whole customs data in 2004,
Table 1 reports the regression results using (log) export prices as the dependent variable and
destination country’s GDP per capita as main explanatory variable, controlling for destination’s
population and distance to China. Columns 1-2 and 3-4 use the prices at the firm-HS6-
country level and the HS6-country level, respectively. The coefficients on GDP per capita in
all specifications are positive and statistically significant, indicating that export prices increase

in destination’s income (e.g., Manova and Zhang, 2012). To better control for country-level

8Due to some mis-reporting, we follow Cai and Liu (2009) and use General Accepted Accounting Principles
to delete the unsatisfactory observations in the NBSC database. See Fan, Li and Yeaple (2015) for more detailed
description of data and the merging process.



Figure 1: Export prices increase with destination income
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Notes: Export prices for ordinary trade from China’s Customs data in 2004. Prices (in logarithm) are drawn by
regressing HS6-country level export prices on HS6 product fixed effects as well as controlling for destinations’

population and distance and then plotting the mean residuals for each destination.

characteristics, we include the destination country’s GDP per capita in columns 1 and 3, while
in columns 2 and 4, we further control for population and distance. Comparing odd columns
with even columns, we find that adding population and distance would not affect our results

qualitatively.

In Figure 1, we plot the mean residuals of each destination from regressing log export prices
on product fixed effects and log destination GDP per capita as well as destination’s population
and distance. The data reveal a positive relationship between export prices and destination

income. We summarize the following fact:

Stylized fact 1. Firms set higher export prices for the same product in richer destinations.

Fact 2: Export prices across firm.— To present export prices across firm, we use the merged
data of the customs and the NBSC in 2004 in Table 2 and report the results obtained by
regressing export prices on firm productivity, and other firm-level controls, such as employment,
capital intensity, and the wage it pays. The measure of firm productivity is revenue based TFP,
estimated by the augmented Olley-Pakes’ (Olley and Pakes, 1996) approach by allowing a firm’s
trade status and the WTO shock in the TFP realization, as in Amiti and Konings (2007).° In
columns 1-2, we use firm-HS6-country level price and include product-country fixed effect; in

columns 3-4, we use firm-HS6 price and include HS6 product fixed effect. We do not control

9Revenue TFP is computed by the same approach as in Fan, Li and Yeaple (2015, 2018) which contain
detailed description of TFP estimation methods.



Table 2: Export Prices across Firm

Dependent Variable: In(price)
In(psne) In(pyn)
(1) (2) (3) (4)
In(TFP) 0.095%%*  0.050*** | 0.094***  (0.050%**
(0.009) (0.009) (0.009) (0.011)
Firm-level Other Control no yes no yes
Product-country Fixed Effect yes yes no no
Product Fixed Effect no no yes yes
Observations 504,813 504,627 | 185,689 185,607
R-squared 0.775 0.779 0.638 0.644

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors corrected
for clustering at the firm level in parentheses. The dependent variable in
specifications (1)-(2) is the (log) price at the firm-HS6-country level, and in
specifications (3)-(4) is the (log) price at the firm-HS6 level. Firm-level other
controls include employment, capital-labor ratio, and wage. All regressions
include a constant term.

Figure 2: Export prices increase with firm productivity
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Notes: Export prices for ordinary trade from China’s Customs data in 2004. Prices (in logarithm) are drawn
by regressing firm-HS6 level export prices on HS6 product fixed effects and then plotting the mean residuals

for each firm.

for employment, capital intensity and wage in columns 1 and 3, while in columns 2 and 4 we
add those firm-level controls to show the robustness of our regression results. The coefficient

on firm’s TFP are all significantly positive, which is consistent with the quality-and-trade



literature that high-productivity firms charge higher prices (e.g., Fan, Li and Yeaple, 2015).
Figure 2 also plots export prices against firm’s TFP by regressing firm-HS6 level export prices
on HS6 product fixed effects and then plotting the mean residuals for each firm. Table 2 and
Figure 2 yield the following fact:

Stylized fact 2. Higher-productivity firms set higher export prices for the same product within

the same market.

Table 3: Firm Mass across Destination

Dependent Variable: In(EFirmNumber)
ln(th) ln(NC)
(1) (2) (3) (4)
GDP per capita (current in US dollar) || 0.236*** 0.296*** | 0.687*** (0.767***
(0.042)  (0.020) (0.070)  (0.042)
Country-level other Control no yes no yes
Product Fixed Effect yes yes no no
Observations 173,422 173,422 173 173
R-squared 0.322 0.528 0.292 0.808

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust standard errors corrected for
clustering at the destination country level in parentheses. The dependent variable
in specifications (1)-(2) is the (log) firm number at the HS6-country level, and
in specifications (3)-(4) is the (log) firm number at the destination country level.
Country-level other controls include population and distance. All regressions
include a constant term.

Fact 3: Ezxtensive Margin of Firm Entry across Destinations.— We now turn to the num-
ber of exporting firms in different destinations. Table 3 reports the results of regressing the
logarithm of the number of firms that export to each HS6-country (in columns 1-2) and each
country (in columns 3-4) on destination country’s GDP per capita, including product fixed ef-
fects in columns 1-2 and further controlling for destination’s population and distance to China
in columns 2 and 4. The significantly positive coefficients on the log of GDP per capita suggest
that more firms export to richer destinations. Figure 3 further supports the following finding

by plotting (log) firm number at each destination against destination’s income:

Stylized fact 3. More firms export to high-income destinations.

3 Model

In this section, we introduce and solve our model. We first introduce the demand side of the
model and solve for the optimal markup as a function of a firm’s quality of output and marginal
cost of production. We then endogenize quality choice and characterize a firm’s decision to

enter into a given market as a function of its heterogeneous cost draws. Third, we solve for



Figure 3: Firm Mass increases with destination income
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controlling for destinations’ population and distance.

the implied aggregate variables and close the model with labor market clearing/trade balance.
Finally, we derive a formula for the aggregate gains from trade and show how the model can
be used to conduct comparative static exercises a la Dekle, Eaton and Kortum (2008). In
addition, we compare the welfare implications of our model to three other models that each

features a gravity equation and an extensive margin.

3.1 Tastes and Endowments

Consider a world populated by J countries, indexed by 7 and j with country j endowed with L;
units of labor. The preferences of the representative consumer in each country are identical but
are non-homothetic leading to different marginal valuations of quality and access to variety.
Specifically, we extend the preference system considered by Jung, Simonovska and Weinberger
(2019) augmented such that varieties vary in their perceived quality. We denote the source
country by ¢ and the destination country by j. Consumers in country j have access to a set
of goods €);, which is potentially different across countries. Specifically, the representative

consumer has preferences of:

10



C
(]
i consumed by the representative consumer in country j, ¢;;(w) is it’s quality, and T > 0 is a

where o > 1 is the elasticity of substitution, z¢; (w) is the quantity of variety w from country

constant.

Utility maximization imples that the demand curve for variety w is given by:

yj + 7P <pz‘j (W)>_U 3 :7:] @)

Py \ay (W)

L
ij (W)

zij(w) = x5 (w)L;

where p;; (w) is the price of output from country i to country j, Py = >, [ o pij(w)/qij (w) dw
ij

_1
and Pj, = {Zz Joca,, i (w)/4i; (W) dw}lfc denote aggregate price statistics, y; is the
ij
representative consumer’s income, reflecting GDP per capita in the destination country, and

Nj; is the mass of varieties consumed in country j (see Appendix A for detailed derivation).
To simplify our discussion and to keep our notation compact, we define the quality-adjusted
price charged by firm w from country ¢ selling in market j to be p;; (w) = pi; (w) /¢;; (w), and
1

e
TP, 7

we define the country j “choke” price level to be p; = ( ) . Everything else equal, high

nominal per-capita incomes and higher prices imply higher choke prices facing individual firms.

We thus can write quantity, sales, and profit for a given variety exported from i to j as

() - &

rij(w) = ZL;pi; (w) [(M> - 1] (4)

follows,

Lf’Lj
xij(w) - i (w)

() = 5L [y () — G5 () [(p—(‘”) - 1] ©

where ¢; (w) = ¢;; (w) /¢ij (w) is the quality-adjusted marginal cost and ¢;;(w) is the marginal
cost of production. Given the quality-adjusted marginal cost, firms maximize their profits.
Taking as given the pricing behavior of all other firms, the monopolistically competitive

producer of variety w chooses its quality-adjusted price of the good. The first-order condition

for profit maximization implicitly yields the optimal price p;; (w) which satisfies:

~ ~ o+1 ~
Cii (W i (W 55 (W
o jN(* ) = (p]~£ )) —|—(0—1)p—J~§k ) (6)
p; P; p;
Note that the optimal prices and optimal profits depend only on the quality-adjusted marginal
cost of production. In the next subsection, we endogenize a firm’s choice of its quality-adjusted

marginal cost of production.

11



3.2 Quality and Production

Firms are heterogeneous in productivity ¢. Following Feenstra and Romalis (2014), for a firm
from country ¢ with productivity ¢ requires [ of labor produce one unit of output with quality

q according to the production function:

n
=L
'

Y

where n > 1 is a measure of the scope for quality differentiation. In addition, a firm from
country ¢ that wishes to sell its product in country j must incur two types of variable shipping
costs. The first, 7;; > 1, is the standard iceberg-type shipping cost which requires 7;; units to
be shipped for one unit to arrive. The second, T;;, is a per-unit shipping cost (a specific trade

cost). For simplicity, we assume that specific trade costs are in terms of country 7 labor.

For a firm from country ¢ of productivity ¢ that has received country j’s idiosyncratic cost

shock ¢, the marginal cost of supply one unit of quality g;; to country j is

W;Tiq
cij(p,€) = (Tijwz‘ + - JQZ’) €

where 7;; is ad valorem trade cost and Tj; is a specific transportation cost from country 7 to

country j.
Hence, the quality adjusted marginal cost of production is given by
W;iTi5 N
cij(p, €) (Tijme S0]%)8

= : (7)

qij Qij

As will be obvious in a moment when solving for optimal quality choice by firm this formulation
has several desirable features. First, it will exhibit the “Washington Apples” effect: higher
specific trade costs will induce firms to upgrade their quality. Second, it will be consistent
with the well documented fact that more productive firms charge higher prices (e.g. Kugler
and Verhoogen (2009), Manova and Zhang (2012)). Third, it will prove to be highly tractable,
allowing us to avoid the tractability issues that have prevented quality and variable markups

analysis in the past.

From the first-order condition associated with equation (7), the optimal level of quality for
a firm with productivity ¢ is
1
Ty \"
a9 = (22— ©)
’ (n—1) 7

and hence the quality adjusted marginal cost of supplying market 7 from ¢ could be rewritten:

oo = SED (0, )T ()7, )

qij (907 5)

3|

12



It is immediate from this expression that more productive firms produce higher quality
goods but actually face lower quality-adjusted costs. Also the quality-adjusted cost is an
increasing geometric average of both types of shipping costs with the weights driven by 7. As
7 goes to one, specific trade costs matter not at all and our model becomes the model given
by Jung, Simonovska and Weinberger (2019). As 7 goes to infinity, however, firm productivity
becomes complete irrelevant and the weight of the specific trade cost goes to one. As a result,
the more costly it is to upgrade quality (higher 7) the less quality-adjusted marginal cost is
decreasing in firm productivity. Hence, specific trade costs hit the most productive firms more

heavily than the less productive.

Equation (3) implies that consumer does not have positive demand for goods with suffi-
ciently high quality-adjusted prices. The quality adjusted price p;; can not exceeds the choke
price, p;. At the cutoff, equations (3) and (6) imply:

pij (p,€) = &5 (p,€) = Pj (10)

where p7; (¢, €) and &; (¢, €) are the quality adjusted price and the quality adjusted marginal
cost at the entry threshold, ¢j; (¢). Hence, the previous equation, together with equation (9),
imply that the productivity cutoff ¢j; (¢) to sell goods from country i to country j satisfies:

7777

oy (€) = et = Wﬂzlnjw? (55) e, (11)
where
Pyt T ) (12)

is the deterministic part of the productivity cutoff that is common across firms.

Figure 4 illustrates that the relationship of the quality-adjusted export price, export price,
export quality and export markup with firm’s productivity within and across countries.'® The
blue solid line represents this relationship in the low-income destination country; the red, thicker
line denotes it in the high-income destination country. In Panel C of Figure 4, we depict the
positive relationship between price and productivity. Since markups over marginal cost vary
systematically with market characteristics, both the quality-adjusted export price, and absolute
export price are higher in higher-income country. This is due to the higher markups that can
be charged in richer markets.!! If firms set a constant markups over marginal costs, then there
would be no correlation between price and productivity since per-unit costs do not depend

on firm productivity. Hence, the variable markups generate the positive relationship between

10Note that Figure 4 is an illustration based on simulation because we do not have explicit expression for
price and markup as function of productivity under CES, but we can derive explicit expressions under log
utility function (see Appendix B).

11 Tt is straightforward to show that when there is a portion of the cost of the specific trade cost incurred in the
destination country, then richer countries would also be purchasing higher quality goods than poor countries.
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Figure 4: Illustration of Model Mechanism
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price and productivity. This positive relationship depends on the values of 7.

In Panel D of Figure 4, we depict the positive relationship between markup and productivity
within and across countries. Suppose the log case (i.e., ¢ = 1), the markup could be explicitly

expressed as 90;)'0(5)' As depicted in Panel D, the markup for a firm with the same productivity
ij

in high-income destination market should be higher since export productivity cutoff ¢;; is lower
£.12

in high-income marke

It is worthy of comparing our model with the three classes of models in the literature
to show the importance of the interaction between endogenous quality and variable markups
in reconciling all three aforementioned empirical facts in Section 2 simultaneously. The first
branch of models features constant markups, firm heterogeneity and product quality differen-
tiation (e.g., Johnson, 2012). These models can predict positive correlation between price and
sales within a market across firms, but would not be able to explain the facts across countries
that firms set higher export prices in higher-income destinations and that more firms export
to higher-income destinations. The second class of model features variable markups and firm
heterogeneity but without endogenous quality (e.g., Jung, Simonovska and Weinberger, 2019).
Those models perform well in explaining cross-country pricing-to-market patterns, but would

not explain the stylized fact that higher-productivity firms set higher export quality and higher

12Conditional on the same market, the distribution of markups should be the same because the term
1

(%) " would follow a Pareto distribution with shape parameter equal to 2nf. Hence, we compare the
ij

different markup across countries for the same firm instead of depicting the market distribution within each
market.
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export prices for the same product within the same market.

Finally, the model of Antoniades (2015) also features variable markups, firm heterogeneity
and product quality differentiation based on Melitz-Ottaviano’s quadratic preferences (Melitz
and Ottaviano, 2008). We differ from Antoniades (2015) in two ways. First, his model feathers
quality sorting with linear demand and so yields ambiguous predictions over individual firms’
prices across destinations and over the average price charged across destinations that vary
in their income (Manova and Zhang, 2012). In contrast, our model unambiguously predicts
that firms set higher export prices in higher-income destinations as documented by stylized
fact 1.'* Second, our model is a highly tractable, quantitative general equilibrium model that
incorporates endogenous quality, variable markups, and two types of trade costs — variable and

specific trade costs.

3.3 Aggregation and Equilibrium

In order to analytically solve the model and to derive stark predictions at the firm and aggregate
levels, we follow much of the literature and assume that firm productivities are drawn from
a Pareto distribution with cdf G;(¢) = 1 — bip™? and pdf g; (¢) = b9, where shape
parameter # > 1 and b; > 0 summarizes the level of technology in country i. We assume
w;; > b; for all 15 so that the cutoff is active for all country pairs. The idiosyncratic cost shock
¢ is drawn from a log normal distribution, where log € follows the normal distribution with zero

mean and variance o2,

We first derive the measure of the subset of entrants from ¢ who surpass the productivity
threshold ¢;; (¢) and so serve destination j. The exporting firm mass from i to j, Ni;, is defined

as
N, = J; / Pr[p > o (2)] £ () de,
0

where J; is the potential firm mass in country ¢ and f (¢) is the pdf distribution of . As shown

in Appendix C, the following simple expression of this mass of entrants can be obtained

w0
Nij = KJib; (%j) ) (13)
where £ is a constant, and ¢j; is the deterministic component of the productivity cutoff given
by equation (12).*

Note how the measure of entrants from ¢ into market j depends on the “choke price,” p;
through equation (12). An increase in the choke price induces a lower deterministic productiv-
ity cutoff and this expands the measure of firms operating there. The elasticity of the measure
of active firms with respect to the choke price is 67, and this illustrates how the “Washing-

ton Apples” effect interacts with the underlying productivity dispersion across firms. Ceteris

13See Manova and Zhang (2012) for a comprehensive summary of the predicted behavior of export prices
under efficiency or quality sorting and the pattern observed in the trade data.

Mg = [Te 00D f () de = exp (% [(1—mn) 905]2).
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paribus, an increase in the cost of upgrading quality acts like a decrease in the dispersion in

firm productivity.
We will see that all of the other aggregates in the economy are tightly linked to (13).

In deriving these aggregates it is useful to define the conditional density function for the

productivity of firms from ¢ operating in j is

0 [er )] 0 it o > ¢ (¢)
o (p.g) = i i 14
tis (:€) { 0 otherwise (14)

With these definitions in mind, the aggregate price statistics, P; and Pj,, can be rewritten as

by = ZNij/O / ( )ﬁz‘j (p,€) pij (p,€) f (€) dede, and
7 210

1

00 00 -0
Pj, = {Z Nij/ / ( )ﬁz‘j (0,8) ™" pij (p,€) [ (€) dsoda} :
i 0 ‘sz €

As shown in Appendix C that contains detailed derivation for aggregate variables P;, Pj,, X;
and 7;, all variation in prices due to the idiosyncratic trade cost shocks integrate out so that

we may write these price statistics as

Py = Bp;N;, (15)
1

_1 _1
P, = B3 BN, (16)

where N; = >, N;; is the total mass of firms from all countries that have positive sales in
country j, and 8 and [, are constants that obtain after integrating out € from each expression
(see Appendix C). Similar constants will also appear in each of the aggregate relationships

displayed below.

We assume that there is free entry. Hence, in equilibrium, the expected profit of an entrant
is zero and aggregate profits obtained by individual consumer are also zero. As a result, the

representative consumer’s income y; reduces to the wage rate w; since each consumer has a
1

Wj +(EP]'

unit of labor endowment. Then we have p; = o= . The expression of p7, together with
jo

equation (15) and (16), imply that the quality-adjusted choke price is

1 U)j

T "

Importantly, an increase in the per capita income in a country, w;, is associated with a greater
choke price, while an increase in competition, Nj;, is associated with a lower quality-adjusted

choke price.

Having derived expressions for the “choke price” and the price indices, it is straightforward
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to show that the total expenditure of country j on the goods from country i, given by
Xij = Nz’j/ / rij (0, €) pij (9, €) f (€) dipde,
0 ®i;(e)

can be written as N
_ i
Xij = Xjﬁj, (18)
where X; = w;L; is total absorption. Equation (18) shows that our model shares with many
commonly used models in the literature the feature that variation in trade volumes across

country occur entirely along the extensive margin.

The expected profits can be calculated using

T = Z/ / mij (@, €) gij () f () dpde.
ki 0 (Pfj (e)
As shown in the appendix, these expected profits can be shown to be

1 67r Nij
Wi:jiﬂa_ﬁg Nij 1)

where 3, is also a constant.!”

The household budget equation implies that total income equals to total expenditure
J

Free entry, m; = w; f, together with (18), (19), and (20) pin down the measure of entrants:

B L
_ﬁa_ﬁf.

So, as in standard models of monopolistic competition in the Krugman tradition, the measure

J; (21)

of entrants is proportional to country size and invariant to the trading environment. Finally,

X=X (22)

This concludes our characterization of the equilibrium. Note that equations (12), (13), and

we assume trade is balanced:

(18) imply the following theoretical gravity relationship:

1] 7

)‘jj a Jjbj (@Z_lTjjw;})_e'

Ny b (T )

(23)

15Notice here we have that firms’ total variable profit is proportional to total revenue as Arkolakis, Costinot
and Rodriguez-Clare (2012).
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Equation (23) will lead to an empirical gravity equation for estimation in the later calibration.
In the next subsection, we show how the gains from trade and how comparative statics on shift-
ing trade costs can be inferred from existing data and estimates of the key model parameters,

7, 6, and o.

3.4 Welfare

In this section, we show how the measurement of the gains from trade, and the welfare impli-
cations of any shock to trade costs, are related to the key parameters of the model. We first
derive an Arkolakis, Costinot and Rodriguez-Clare (2012) inspired formula relating changes in
the level of domestic absorption to changes in real income and then derive the Dekle, Eaton
and Kortum (2008) system of equations. The latter system of equations are novel in that they
allow for both iceberg-type and specific trade cost shocks to be analyzed. We present these
results as propositions whose proofs can be found in the online appendix (see Appendix D).
Next we present a multi-sector extension and its welfare implication. In the end of the section

we compare the welfare implications of our benchmark model to three other models.

3.4.1 Gains from Trade

Combining the utility expression (1), equation (3), and equation (C.5) (in the online appendix),

the measure of indirect utility can be expressed as a function of the nominal wage relative to

Uj = Bu <&) N
D;

where 3, = FTe <Bf—jﬁ> °'is a constant. We define the share of expenditure on goods from 7

the equilibrium choke price:

in j, /\ija as:
X
_ j
i =
> i X

We denote the post adjustment value of any variable z as 2’ and the change in its value as

A (24)

T = %, that is, a hat denotes the ratio between the counterfactual and factual value. Then
the change in welfare associated with any foreign shock in country j satisfies the following

Proposition:

Proposition 1. The change in welfare associated with any foreign shock in country j can be

computed as:
= -~ 7% 1+1'r]9
Uj == ()\jj) (25)

Equation (25) shows that the key parameters for assessing welfare implications of shocks
are the taste parameter o which plays a key role in the markup given a firm’s choice of quality
and its productivity, 6§ which governs the degree of dispersion in productivity, and n which

governs the cost of quality upgrading in the model.
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As in Bertoletti, Etro and Simonovska (2018), we compute the global welfare gains associ-
ated with a large change in trade costs. Equation (25) in Proposition 1 is a global measure of

welfare gains from trade liberalization, because it can be derived from the measure of varieties
sold in a country without taking differentiation (see Appendix E.1 for detailed derivation).

Were we to strip the model of its “Washington Apples” mechanism, the model would be

essentially identical to Jung, Simonovska and Weinberger (2019).!7 In that case, the coefficient

o 1

o—11+6
detailed derivation). As we discuss later in the paper, a comparison of the gains from trade

on the change in the domestic consumption share ij becomes — (see Appendix G for

implied by the models with and without the “Washington Apples” mechanism depends on the

details of the calibration.

In order to evaluate the changes in welfare associated with any foreign shock, we need to
measure /):jj and calibrate the parameters (0,7, 6). Given the value of parameters (u,n,6) and

initial value of X;; before shocks, we have the following proposition:

Proposition 2. The percentage change in welfare associated with any change in trade costs in

country j can be computed using equation (25) combined with
N ;)"

ji = PR T N
> i Nij [TZ} Tig} (w;)™"

(26)

where w; are implicitly given by the solution:

~ —0
n—1~ ~ \—nb
R Aijw; L (Tij Tz’j) (w;)

B i, (27)
iwiliy o, A (Ti/j Tz"j) (wir)

Equations (26) and (27) are interesting in that they show that the elasticities associated
with changes in trade costs differ depending on whether they are associated with ad valorem
trade costs 7;;, or specific trade costs ﬁ] Intuitively, shocks to both types of trade costs affect
the extensive margin of entry of firms in markets and so involve the Pareto parameter 6. Shocks
to specific trade costs, however, have an additional effect that works through quality upgrading
and so the effect of these types of shocks depend on the elasticity of the costs associated with
quality upgrading, 1. To see how the quality scope parameter, n, affects welfare, we can
compute welfare gains by alternating the values of n and keeping other parameters constant.
Note that a lower value of n means a large scope for quality differentiation, while a higher value
of n refers to a small scope for quality differentiation. Obviously, when the scope for quality

upgrading is large (a lower n), it is very easy to avoid the impact of specific trade costs and

16 A global measure comes from integrating local calculations when it is clear that all the relevant components
of the expression are continuous and monotonic. Thus, the welfare formula in Proposition 1 is global. We also
compute the Equivalent Variation of income associated with a change in trade costs as the global measure of
the gains from trade liberalization, and find that it is proportional to Proposition 1 formula (see Appendix E.2
for details).

17This involves fixing the quality level to unity and setting all specific trade costs to zero.
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this results in larger gains from trade. As the scope for quality upgrading becomes smaller (a
higher 1), the gains from trade become much smaller. This effect holds regardless of variable

markups.'®

3.4.2 Gains from Trade: Multiple Sectors

The tractability of our model can be also extended to a multi-sector setup, which corresponds
to the sectoral heterogeneity of quality scope that has been featured by the recent literature.”
Given a two-layer utility function U; = [, C%s with subscript s indexing sector and a; denoting
the Cobb-Douglas sector share, the demand function is similar with that of the one-sector

benchmark model and is given by

-2 (5

1

~ s 75P's j 7‘9 . . . . .
where pi; = a(%i_f,—ﬂ”) is the corresponding quality-adjusted price cut-off for the

jos

multi-sector model.?’ We have the following proposition:

Proposition 3. The percentage change in welfare associated with any changes in trade costs

i country j can be computed as:

__Qgos 1

=5 N os—1 1+ns0s
U=11 (%‘js) B (28)

s

where \;js denotes the share of expenditure on goods in sector s from ¢ in j, 7, is the quality
scope parameter in sector s, and 6, is the sector specific Pareto distribution shape parameter.?!
Since the multi-sector model is in spirit similar to the one-sector model, in all the following

quantitative exercises we shall refer to one-sector model as benchmark.

3.4.3 Gains from Trade: Alternative Models

In this subsection, we compare the welfare implications of our model to three other models
that each features a gravity equation and an extensive margin. Our benchmark model (denoted
by “Bench”) accommodates both endogenous quality (the “Washington Apples” mechanism)
and variable markups. The three alternative models are as follows: (1) a model containing

only variable markups but no endogenous quality so the “Washington Apples” mechanism is

18Please also see the related discussion in Section 6 for the quantitative implications for the welfare gains.
We find that the models with quality variation always generate lower gains from trade than those without
endogenous quality (regardless of variable markups).

9The literature points out that firms’ export pricing decision crucially depends on the quality scope that
varies across sectors, e.g., Manova and Zhang (2012), Johnson (2012), Fan, Li and Yeaple (2015, 2017).

20Here we leave detailed derivation to Appendix F.1.

21The detailed proof of Proposition 3 is in Appendix F.2.
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removed (labeled “no q”);** (2) a model with the endogenous quality mechanism but with
constant markups (labeled “con mkp”);** (3) the model lacking the “Washington Apples”
mechanism and with constant markups (labeled “no q, con mkp”).?* The derivations of the

welfare gains from trade for the alternative models can be found in the various appendixes.

Following Proposition 1, the gains from trade in our benchmark model are given by
GTFereh = 1 — (3,77 (29

As shown in Appendix G, the gains from trade under variable markups but no “Washington

Apples” mechanism are given by

led 1

GI}** = 1= () ™77, (30)

As shown in Appendix H, the gains from trade under the model without variable markup but

with quality mechanism are given by
GT™ ™7 =1 — (\)7 . (31)
Finally, the model with neither mechanism implies gains from trade of
G} " ™ = 1 — (\y;)7. (32)

The four models for which we have derived global gains from trade formulas each feature an
extensive margin. For the two models featuring variable markups this is due to a “choke” price
whereas for the two that feature constant markups this is due to a fixed cost of exporting.
Holding fixed the trade elasticity, the gains from trade implied by the models can be ranked

across these four models.

Of the four models, two feature CES preferences and fixed export costs, and so fall into
the class of models considered in Arkolakis, Costinot and Rodriguez-Clare (2012), and two
feature non-CES preferences and a choke price, and so fall into the class of models considered
in Arkolakis et al. (2019). Within each class, the models differ in that one features our quality
mechanism while the other does not. Note that when the quality mechanism is shut off but
the variable markup is operating, as shown by equation (30), the benchmark model collapses
to Jung, Simonovska and Weinberger (2019). Conditional on the trade elasticity, which is né
when there is quality differentiation and ¢ when there is not, it follows from the parameter
restriction that o — 1 < 6 < nf that the model with variable markups implies greater gains
from trade than the model without variable markups. This result is due to an “excessive

love of variety” implied by generalized CES preferences. Intuitively, with generalized CES

22This means that there are no specific trade costs and quality ¢ is set to one for all firms. See Appendix G
for the details.

23See details in Appendix H.

24This means that there are no specific trade costs, quality ¢ is set to one and Z is set to zero.
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preferences, consumers obtain positive levels of utility simply for having the option to consume
a good. Hence, goods available at the choke price lead to strictly positive levels of utility as is
the case in models with fixed export costs and standard CES preferences. Our findings do not
contradict Arkolakis et al. (2019) because they assume away positive utility provided by goods
sold at the choke price.?

Moreover, conditional on the same parameter values across models and given the parameter
condition that 7 is larger than one, the models with quality variation should generate lower
gains from trade than those without endogenous quality, regardless of variable markups (see
equation (29) vs. equation (30) and equation (31) vs. equation (32)). This is verified later
in Section (6) by our quantitative results of welfare comparisons across models. However, an
issue that arises in the quantitative comparisons provided below is that tariff variation alone
cannot identify the trade elasticity when our quality mechanism is present and so differences

in welfare estimates will also arise for purely quantitative reasons.

4 Quantification

This section describes how we solve, calibrate and simulate our benchmark model and the
three alternative models. The first two subsections detail how we estimate and simulate the
benchmark model. The final subsection discusses how we adjust our calibration strategy to
estimate the three alternative models, each of which contains only a subset of the parameters

of the benchmark model.

We first estimate the parameters of the benchmark model. There are two sets of parame-
ters. The first set ©; = {n,60,0.,0}, including the inverse of quality scope, the productivity
shape, the standard deviation of specific trade cost shocks, and the elasticity of substitution.

1 1 I
The second set Oy = {{wj’,Pjo-,Pj,fJi,j—;Z Ti]’,bi,Nj}il}j_l

variables.?® We show that our model specification enables us to identify ©; without information

includes all endogenous macro

about ©,. Therefore, we can first identify ©;, and then recover macro level parameters in 6,
through the structural equations implied by the model. We then simulate the model based on

parameter estimations. Finally, we generate pseudo-Chinese exporters that is comparable with

25For models without quality mechanism, we also find that the model with variable markup yields larger
welfare gains than the constant markup model (see detailed derivation in Appendix 1.2). The differences
between our results and those of Arkolakis et al. (2019) stem from the changes in firm productivity cutoff at the
extensive margin due to the “excessive” love of variety feature in the generalized CES model which the footnote
12 in Arkolakis et al. (2019) was meant to rule out. Our generalized CES model is in the similar spirit to models
with fixed exporting costs where discontinuity emerges. Once a firm chooses to export to a market, the increase
in utility is discontinuous at zero consumption due to the existence of 7, so it is like jumping to a positive level
of consumption even though a consumer might consume zero at the margin. This discontinuity feature under
special conditions has been mentioned by Arkolakis et al. (2019), and our model falls into this special situation.
Under such discontinuity, the welfare changes associated with the change in productivity cut-off is no longer
infinitesimal. Thus, in our setup, the variable markup models yield higher gains from trade than the constant
markup models. When the extensive margin effect is shut down, we obtain the same results as Arkolakis et al.
(2019) that variable markup models yield lower gains from trade than constant markup models.

26Tn our calibration, we focus on 36 countries, i.e., I = 36.
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the customs data and analyze the model fit by comparing the real data and model simulated
data.

4.1 Parameterization

In this subsection, we first show how a gravity equation can be used to recover an important
model parameter. Next, we show how the remaining parameters in the set ©; can be recovered.
Finally, we show how given estimates of the parameters in ©; and the model’s structural

equations can be used to recover the parameters in O,.

Gravity and the Two Trade Elasticities

The set ©1 = {n,0,0.,0} contains four key parameters of our model. We begin by discussing
the estimation of . Following Caliendo and Parro (2015) and Arkolakis et al. (2018), we
estimate 6 from the coefficient on tariffs in a gravity equation. Taking the logarithm of equa-

tion (23) yields an empirical gravity equation for estimation:

JJ

log (%) = log [Jibiwi_en] — log [Jjbj (’_Z}Z-_lTjjwj_")e] —0(n—1)logT;; — Ologi;, (33)

S; S;

where S; is the exporter fixed effect, and S; is the importer fixed effect. We call the coefficient
on log7;; the ad-valorem trade cost elasticity and the coefficient on logT;; the specific trade
cost elasticity. Note that these coefficients are structural but identify different parameters.
This is an important observation in that all four of the models for which we compare welfare
implications below feature an ad-valorem trade cost elasticity that has a structural interpreta-
tion while only the two models with the “Washington Applies” mechanism feature the specific

trade cost elasticity.

To estimate a trade elasticity, we must make auxiliary assumptions. First, we assume
that both logT;; and log7;; are linear in bilateral pair geography. Second, we assume that
the majority of the tariff variation observed for manufacturing goods are ad valorem, which
is reasonable for manufactured goods.?” Following Waugh (2010) and Jung, Simonovska and
Weinberger (2019), we use a set of gravity variables to proxy for T;; and for 7;; through the

following equations:

(n—=1log(Tyy) = a +ew] +y,dy + 74 log (distyy),
logr;; = o +ex] +v,dy, + vy log (dist;;) + log tar;,

where o and a” are constants. As in Waugh (2010), we also add an exporter fixed effect, ex;,

27Strictly speaking tariffs are not standard cost shifters like shipping costs, but we follow much of the literature
in assuming that they are. For a discussion see Costinot and Rodriguez-Clare (2014) and Felbermayr, Jung
and Larch (2013).
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a set of three dummy variables, dj,, indicating whether (1) the trade is internal; (2) whether the
two country use the same currency; (3) whether the two country use the same official language,
and the logarithm of distance from country ¢ to country j, log (dist;;). This yields the following
estimating equation:

log (j\:]) =9;—S5;—0 ((aT +a”) + (ex;fp + ex]) + (YE +47)dy, + (’y;‘lp + 7 ) log (dist;;))—0 log tar;;+e;;

(34)
where ¢;; is assumed to be Gaussian measurement error. Note how the coefficient on tariffs,
the ad valorem trade cost elasticity, has a structural interpretation. It is the productivity
distribution shape parameter . Further, also note that with an estimate of 6 it becomes

possible to back out from these estimates the aggregate trade cost (Tij)"fl Tij-

The bilateral trade share \;; is constructed following the method in Ossa (2014) by using
the GTAP 9 data for the year 2004.® Bilateral gravity variables: dist;;, dj, (common currency,
common official language) is taken from the CEPII dataset. The tariff data is from WITS,
where we compute the average tariff rate for all HS6 sectors of each destination to represent
tar;;.* We let tar;; = 1 if trade is internal. We also let tar;; = 1 if both ¢ and j belongs to EU,
NAFTA, ASEAN members countries. For the case of EU, we apply common external tariff by

the EU for non-EU members. The summary statistics are presented in Table 4.

Table 4: Summary Statistics of Gravity Variables

Variable Mean Std. Dev. Min. Max. N
log (A;/A;) -5.221  1.842  -10491 0 1296
log (tar;;) 0.066 0.067 0 0.264 1296
log (distij) 8.432 1.059 2.258 9.811 1296

The coefficients on the gravity variables and tariffs obtained by estimating equation (34)
via OLS are shown in Table 5. The estimates on the standard gravity variables all of their
expected sign and fall in common ranges for gravity equations (see Head and Mayer, 2014).
For instance, a 10 percent increase in distance is associated with an approximately 7.65 percent
reduction in the volume of trade. Most importantly, the coefficient of 6.1 on tar is sensible
and is measured with high precision.?* We now discuss the estimation of the model’s other key

parameters.

28The bilateral trade shares Aij are only constructed for our selected 36 countries. For any i # j, we first
compute X;; as the sum of trade flow from 7 to j across all GTAP sectors. We then compute X;; as the total
domestic output, X;, minus its total export, E#j Xji. We then compute \;; = X;;/>", X;;. One important
advantage of using GTAP is that we do not get missing/negative value for our constructed X ;, and hence all
the values for A;; are valid.

292004 tariff data for Russia is not available. We use the year 2005 instead. We also try year 2002 as an
alternative, the result is very similar.

30This number falls in the range of estimates in Arkolakis et al. (2018).
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Table 5: Estimation of Gravity Equation

Dependent variable: log (A;;/Aj;)

log (tar;;) -6.097*
(0.795)
lOg (dZStU) -0.765"**
(0.031)
Common language 0.349**
(0.071)
Common currency 0.165*
(0.086)
Same country Dummy  2.658"**
(0.139)

Importer Fixed Effects YES
Exporter Fixed Effects YES
Observations 1,296
R-squared 0.988

Notes: Standard errors in parentheses.

The Remaining Parameters of 0O,

Our approach to estimating the remaining coefficients is very different. To identify the id-
iosyncratic dispersion in trade costs, 0., the taste parameter o, and the quality upgrading cost
elasticity 1, we make use of our estimate of #, the model, and moments from firm-country-
product data on unit values (p;;(w) in the model) and export values (r;;(w) in the model). The
core of our estimation strategy involves using the first-order condition for price determination
(6) and values of o, 0., and 71 to generate an artificial dataset that match the standard deviation
of the logarithm of price charged by Chinese firms, the standard deviation of the logarithm of
the corresponding sales, and the correlation of the logarithm of prices with the logarithm of

sales.

We follow the simulated method of moments procedure in Eaton, Kortum and Kramarz
(2011) and Jung, Simonovska and Weinberger (2019). In particular, we define u = b.p~?, where

b. denotes China’s productivity. The cumulative distribution of v can be shown as follows

be

Pr (U < u) = Pr (beg™* < u) = Pr <¢ . (5)‘1}) .

The conditional productivity entry cutoff ¢};(¢) can also be written in terms of u,

—0
N " - o\
us: (€) = b WTZ; lq-ijw? (pj) n 5”] . (35)

Equation (35) implies that a firm that has received cost shock ¢ will export when u < u; (¢).

Importantly, v = u,f_‘(a) follows a uniform distribution from (0, 1] where the highly efficient
cj
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firms with @ close to zero and the marginal firms with « close to 1. We first draw 1,000,000
realizations of @ from uniform distribution on (0,1]. Each draw corresponds to a simulated
exporters. For each exporter, we draw I (=36) destination specific realizations of £s from the
standard normal distribution. Note that by construction, @ = (%) - and € = U—lg log €, thus

the true productivity ¢ and the real cost draw € can be recovered whenever necessary.

Combining equations (9), (10), and (11) with (6), yields the following expression:

i = (w)gﬂ to—1P (36)

D; p]

Note that the inverse of the left hand side follows a Pareto distribution with location parameter

1 and shape parameter nf. We can recover 2 ”( )

according to the previous equation for each .
To connect the implied pricing behavior in the model with the Chinese firm-product-country

data, we define the following transformation:

s D) D
pij (0,€) = ——=—¢;5 (€) — =,
0,9 =000
where ¢;; (€) = —Lw;T;; exp (0.€) is the endogenous (unadjusted) marginal cost of firms. Using

equations (9) and (11) and taking logarithms yields

. pZJ( )) ( n >
log p;: (u,€) = lo < 4+ 0.6 — —lo + log | ——=T;;w; 37
g pij (4, €) = log = neg() el 1% (37)

J
this implies that the standard deviation of log exporter price, once we subtract the destination

average to eliminate the constant term (the last term on the right), will only depend on the

parameter set O = {n, 6, 0.,0}, and is not destination specific.

Making similar transformations for the logarithm of the sales revenue of a firm, given by

(4), we obtain:
(50
P;

This expression shows that the standard deviation of country-product exports by Chinese

log 7 (1) = log (psz( )) + log + log(zL;), (38)

J

firms, once it has been demeaned by subtracting its sector-destination mean, depends only on
parameters nf and o. Notice that two types of relationships here are relevant. First, both
parameters drive the standard deviation of logr;; (@), while only o governs the dependence
of logry; (@) on Py (%) /p;. Moreover, we can obtain the correlation between log-sales and
log-price given parameters nf, o., and o. Our discussion suggests that these three moments
are sufficient to jointly identify our three parameters nf, o., and ¢ via simulated Generalized

Method of Moments, while our gravity estimate of 6 allows us to separate 1 from 6.

We now summarize the estimation strategy. First, we calibrate o to target the standard

deviation of the log of export sales. To see this, notice that in equation (38), pi; (@) /p;
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is bounded from 0 to 1 (the marginal exporter to destination j takes value 1 while for the
most productive firms it tends toward 0). An increase in o makes sales more responsive to
productivity and so leads to larger sales dispersion. Second, we choose o, to target the standard
deviation of the log of export price. Firms’ marginal cost depends on the trade cost draw £ (see
equation (37)), so greater dispersion of these shocks yields greater dispersion of price. Third,
the correlation between log-sale and log-price helps to identify nf. In a model without quality,
as in Jung, Simonovska and Weinberger (2019), price and sales exhibit negative relationship
because the productive firms have lower marginal cost. This negative relationship is overturned
here because high productivity firms produce higher quality which allows firms to raise their
prices. This mechanism can also be seen from the log (@) term in equation (37): a lower
u implies a higher real efficiency and hence higer price and sales. The distribution of u is

governed by the value of nf. We now turn to our construction of the data moments.

To construct the three micro moments for the data, we use the Chinese customs’ ordinary
trade data at the year 2004. We aggregate the data into firm-country-HS6 level, construct
our data moments for by each country-HS6 pair and choose the median among them. The
parameters are jointly identified through the following minimization routine:

min {[mD _mM (nf, 0670)}/1/1/ [mD —mM (nd, o, 0)]}

71970570

where m? is the (column) vector that contains the data moments, and m* (nf, 0., o) contains

the corresponding model moments. W is identity weighting matrix.

Following Jung, Simonovska and Weinberger (2019), we check the sensitivity of our quan-
titative results by comparing the estimates from our exactly identified benchmark to those
obtained from an over-identified specification. In the over-identification specification, we tar-
get a larger set of the moments from the distribution of sales and prices (e.g., the 90-to-10,
90-to-50, and 99-t0-90 percentile ratios of log sales and log prices). These additional moments
are desirable given that the focus of the quantitative exercise in this paper is to match both

sales and price dispersions as well as the relationship between the two.

Solving for O,

The set of ©4 includes all endogenous macro variables. We begin by describing how we uncover

wages, the measure of total entrants per market, and aggregate prices statistics.

To solve wage w; for each country, we use the labor market clearing condition, which is

szz = ZX” = Z )\ijijj-
J J

Here we normalize the wage in US to be 1 so that every other countries’ wages are all relative to
the US. Market size L; is proxied by total population of that country, which is from the CEPII

dataset. Note that market size immediately pins down the number of entrants per country,

given by
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fJ;, from equation (21).
To recover b;, we use the importer fixed effect from the gravity estimation in equation (23)
which is

S; =log |(fJ;) b; (wj)—nG] 7

where S; is the estimated importer fixed effect.*® The bilateral trade cost (Tg_lnj) can also
be recovered from the gravity equation (23).%? Finally, we solve for the mass of firms that serve
country j, N;, using equation (13), and equation (17). These two equations when combined
yield
n=1 1
N; = L) (T ) 7 (ﬂ) -
nz (B, — B+ Y w; \ Ny

Having recovered all the variables in this expression up to the constants, we can use Chinese
custom data to compute the total number of firms that export from China to country j, Nchina,;,

except for China itself. Then N; (j # China) can be computed from the above equation.

4.2 Model Simulation

Given estimates for all the key parameters, we can simulate the model to assess its ability to
reproduce the facts that were illuminated in Section 2. We follow the procedures below to

construct the full panel of model generated exporters:

(1) For each draw of i, we construct entry hurdles u}; () for each country j using equation
(35).

* max
cj

productivity for a firm to sell their product in countries other than China. We then construct

(2) For each a1, we compute u = MaX;£Cnhina { U (£) }. This is the minimum requirement

* max ;3

i@ using our draw of @ in step (1). Because in the model, the measure of firms that

export from China to country j is u

uUu=1u

* max

i, our artificial exporter u is assigned a sampling weight

of uy "
(3) For each u, we set the export status J.; indicating whether firm u exports to j to be

given by

1, if u <wl ()
Ocj = 7 oY
s (v) { 0, otherwise

(4) We recover firm level variables, which include productivity, price and sales. First, we

1
obtain firm level productivity from ¢ = (%)9 Second, we construct exporter-destination
1

quality ¢;; (p,e) = (n—‘%%)g Note that at this juncture, we have to take a stand on the
ij

relative magnitudes and cross-country variation in 7;; and 7;;. Motivated by the discussion in

Hummels and Skiba (2004), we assume that T;; specific costs account for all of the geographic

31In the above regression, we’ve added both the importer and exporter fixed effect. This induces multi-
collinearity. To avoid this, we follow Levchenko and Zhang (2016) and normalize the importer fixed effect S;
for US to 0. Essentially, we choose US for the reference country, and the importer fixed effect estimates for all
other countries are all relative to the reference country.

32Note that we set Tj”j_lTjj =1 for all j.
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variation in the gravity equation and 7;; is driven exclusively by tariffs. Finally, we compute
firm-level prices that are not adjusted for quality:
~ ﬁzg (a7 g) ~% ~

pij (0,€) = ———"P;q;; (4,€)
J

where p;; (@, €) are solved through the pricing equation (36). Finally, firm sales can be con-

structed from equation (4).

In summary, after dropping non-exporting Chinese firms, we have constructed a dataset

that contains one million exporting firms that can export to a maximum of (I — 1) countries.

4.3 Estimation of the Alternative Models

The procedures to estimate and to simulate the three alternative models are similar to those
for the benchmark model. Because we are only interested in how these models fit the joint
distribution of firm-level prices and sales and because the parameter estimates in the set 0
are those that are necessary to compute welfare gains, we confine our discussion to these

parameters.

As all four models feature a structural ad-valorem trade cost elasticity, we use the coefficient
from the gravity equation above to discipline the value of 8 across all models. Conditional on the
same 6, we then use the same set of moments, namely, the standard deviation of sales and prices
as well as the correlation between sales and prices, to jointly calibrate the key parameters across
models. It is important to use the same set of moment conditions to yield consistent parameter
estimations across models. As pointed out by Simonovska and Waugh (2014), it could be the
case that targeting the same moments in the data results in parameter estimates in different
models that are different, and this would matter for welfare quantification of alternative models.
Note that in models in which there is no “Washington Apples” mechanism the shocks to specific
trade costs do not exist and there is no quality to adjust so that o. and n are not estimated.

We now turn to the estimation results and the assessment of model fit.

5 Results and Model Fit

In this section, we report the parameter estimates for the four alternative models and compare
their ability to fit the data. We begin with the benchmark model by reporting the parameter
estimates for ©; for both the exactly identified and the over identified cases. We then report
summary statistics for our estimates of the parameters in O, calculated using the exactly
identified parameters in ©; and compare these statistics to the data. We conclude the section
by reporting the parameter estimates for each of the alternative models and demonstrate that
fitting the key feature of the joint distribution of prices and revenues requires both variable

markups and endogenous quality. Omitting either mechanism makes the model unable to
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generate the positive correlation between prices and revenues across firms and markets.

5.1 Parameter Estimates and Fit: Benchmark Model

We begin with our estimates of the key parameters of the benchmark model which are shown

in the following table.

Table 6: Calibration of ©4

Parameter symbol value (Exact ID) value (Over ID)
elasticity of substitution o 4.8179 5.4819
std. dev. of cost shock o, 0.6004 0.7599
inverse of quality scope n 1.7111 1.2193
trade elasticity w.r.t. tariff 0 6.0973 6.0973

Table 7: Data Targets and Simulation Results

moment data model (Exact ID) model (Over ID)
Panel A: targeted moments

std(log(sale)) 1.3916 1.3916 1.4935
std(log(price)) 0.6017 0.6017 0.7613
corr(log(sale), log(price)) 0.0543 0.0543 0.0541
trade elasticity w.r.t. tariff 6.0973 6.0973 6.0973
log(sales) 90-10 4.1551 - 1.9511
log(price) 90-10 2.0297 - 3.6124
log(sales) 90-50 2.0369 - 0.9752
log(price) 90-50 1.0451 - 1.6070
log(sales) 99-90 1.3814 - 0.7954
log(price) 99-90 1.3242 - 1.4837
Panel B: non-targeted moments

exporter domestic sales advantage 1.7152 2.0831 3.3971
firm frac. with exp. intensity (0.00, 0.10] 38.2064 27.2619 64.4882
firm frac. with exp. intensity (0.10, 0.50] 35.5425 72.5898 35.5118
firm frac. with exp. intensity (0.50, 1.00] 26.2511 0.1483 0.0000

Notes: The targeted moments are constructed from customs data, which covers the universe of all ex-
porters and importers. The non-targeted moments are constructed from the merged sample based on
customs data and Chinese Manufacturing Survey data provided by NBSC (National Bureau of Statistics
of China), because we need both exporters and non-exporters in the non-targeted moments to check
exporter domestic sales advantage, and we also need total sales information from the NBSC data to
compute export intensity.

Table 6 lists our calibration results for the key set of parameters ©;. Table 6 shows that the
parameter estimates obtained under both exact identification and over identification strategies
are similar. As in Jung, Simonovska and Weinberger (2019), when we try to match the tails of

the sales and prices distribution in the over identification case, o increases to match the large
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dispersion in the firm-level data. Compared with the exact-identified case, the over-identified

model slightly overpredicts the dispersion of firm sales and prices.

Table 7 further presents the data targets and the simulation results for both targeted
moments (see Panel A) and non-targeted moments (see Panel B). Given the trade elasticity,
our model matches the targeted moments relatively well although it underestimates the extreme

skewness in firm sales and overestimates the skewness in firm prices.

Our non-targeted moments are exporter sales advantage, measured as the ratio of domestic
sales of exporters to non-exporters, and exporters’ export intensity measured as the share of
output that is exported. There are three measures of export intensity: the share of firms
that export less than 10 percent of their total revenue, the share of firms that export between
10 and 50 percent of their output, and the share of firms that export more than 50 percent
of their output. All non-targetted moments were computed using a merged sample between
customs data and the NBSC manufacturing survey data. Here, we see that the overidentified
specification does a better job fitting the export intensity distribution than the exactly identified

model.

The markup distribution formula in our model is the same as in Jung, Simonovska and
Weinberger (2019). Yet, we fit to different moments and different parameter values are ob-
tained. Thus, our model’s generated markup distributions have a relatively thin tail than those
in Jung, Simonovska and Weinberger (2019). Our estimate of the elasticity of substitution im-
plies that the upper bound for markups would be -5 = 1.26. Given that § = 6, the model’s
generated markups distribution has a relative thin-tail. Thus, the average markup charged by
exporters in our model is lower than that of Jung, Simonovska and Weinberger (2019). More
specifically, our model implied average markup is 1.0229, the log(markups) 99-50 percentile
ratio is 0.0853, and the log(markups) 90-50 is 0.0517. We plot the model simulated markups
and sales distribution in Figure 9 in Appendix K.

We now check the model’s fit for the solution to our model. The four panels of Figure 5
demonstrate the fit of our model to data. The first panel shows that the logarithm of the wage
by country relative to country averages implied by the model closely follows the logarithm of
GDP per capita relative to country averages as reported in the CEPII data set, explaining
over 80% of the variation in cross country incomes. In the second panel, we plot the implied
productivity by country versus its GDP per capita. This too shows a very strong fit. In the
third panel, we plot model generated specific trade costs against the real data of distance from
China to each destination country and observe a very strong positive slope. In the last panel
is the number of Chinese firms that serve a particular country predicted by the model against
the actual number of entrants. Our model’s predictions closely mirror the variation across

countries in terms of the extensive margin.

We now turn our attention to the key object of interest in our paper, the relationship
between the price charged by a firm and its sales. Figure 6 illustrates the price and sales

relationship for both data and model. For the data, we first construct firm’s normalized sales
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Figure 5: A Check on the Solution of the Model
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by subtracting each firm’s log sales by its HS6xdestination average. We apply the same
treatment for the firm’s price. Then, for each HS6xdestination pair, we sort firms’ normalized
sales into 10 deciles. In this step, we require that each HS6 xdestination have at least 10 firms
so that the 10 deciles can be properly obtained. We then compute the median of both the
normalized price and sales at each decile for each HS6 xdestination pairs. We finally aggregate
the median value for all HS6 xdestination pairs, leaving only one value for each sales decile.
For the model, we follow a similar procedure. Thus, each dot in the figure represents deviations
of log sales from their relevant industry mean relative to the deviations of log price from their

relevant industry mean.??

Quantitatively, the model traces the data reasonably well. In the data, when log firm sales
increase from -3 to +3, the logarithm of the firm price increases by 0.25, whereas in the model,
it increases by about 0.15. Hence, the model explains about 60% of the positive relationship
between price and sales. The increase for the model mostly comes from large firms, i.e. firms
that have higher sales than average. For the small firms, the model predicts a higher price level
than that of the data. The reason appears to stem from the endogenous cut-off price induced

by non-homothetic preferences that limit the scope for variation among small firms.

33Figure 6 also suggests the positive correlation between prices and market share since market share is equal
to firm sales over the total sales by all Chinese exporting firms in that destination market. Thus, the relationship
between prices and market share would be the same as the relationship between prices and sales.
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Figure 6: Model Fit: Price-Sales Relationship
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Note that the positive relationship between prices and sales in Figure 6 also highlights the
importance of the interaction of variable markups and endogenous quality. This is because, with
endogenous quality under monopolistic competition, variable markups as in Jung, Simonovska
and Weinberger (2019) are essential for our model, which aims to reconcile the price dispersion
across firms and across markets, to generate positive relationship between sales and prices.
If firms were to set constant markups over marginal costs, there would be no correlation
between firms’ sales and prices which can be seen from the marginal cost formula ¢;; (£) =
#wiTij exp (0:€). In other words, the variable markup mechanism is crucial for our model that
features both endogenous quality and pricing-to-market to deliver factual relationship of prices
and sales. On the other front, there are existing studies that rely on the quality mechanism
alone to generate this positive relationship, such as Johnson (2012), but these endogenous-
quality models are not able to explain the facts across countries that firms set higher export
prices in higher-income destinations and that more firms export to higher-income destinations.
Our model is to generate exporter pricing pattern both within market and across markets in a

unified general equilibrium framework.

We conclude this section by considering the model fit along dimensions not directly fit in
our calibration procedure. We first consider the within and across firm variation in prices as
a function of the GDP per capita of the destination country. Figure 7 shows this relationship

for the model in the left-hand panels and in the data in the right hand panels. The top two
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Figure 7: Model Fit: Price-Wage Relationship and Entrants-Wage Relationship
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Notes: In the top two panels, we normalize each exporter’s price by it’s price at USA

(log (pcun,; (¢,€) /pcun,us (p,€))). we then calculate the average destination price as the mean of this nor-
malized price across firms on each destination. For the bottom two panels, we calculate the average destination
price as the simple average of log price for all exporters on that destination. For the model, w; is model
predicted wage rate; for the data, w; is the 2004 destination GDP per capita in CEPIL For consistency with
our empirical exercise, we control for log destination population, and log distance for both the data and the

model. Since the model does not have an exact counterpart for distance, we thus use T;; as a proxy.

panels are the variation across country within firms (intensive margin) and the bottom two
panels are the relationships averaged across all firms (intensive and extensive margin). The

model predicts a slightly stronger correlation between price and GDP per capita than the data
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but slightly less variation than the average across all firms. Both deviations can be understood
with respect to the price-revenue relationship shown in Figure 6. Looking at only the intensive
margin disproportionately picks up firms in the higher end of the productivity distribution that
have high prices and high revenue, while the average price that includes the extensive margin

picks up the small firms whose behavior the model has trouble fitting.

We now look more closely at the extensive margin in Figure 7. The panel E is the model
prediction of the measure of entrants as a function of country per capita income while the
panel F is the actual data. The model correctly predicts a positive relationship between the
two, but there is slightly less variation in the model predictions than there is in the data. In
addition, we also check the relationship between firm sales, prices and quality with market
size (measured by the product of population and wage) and plot those positive relationships

simulated by the model in Figure 10 in Appendix K.

5.2 Parameter Estimates and Model Fit: Alternative Models

We now present the parameter estimates and assess the fit of alternative models. Recall that
each model has been fit to the same set of moments but differ in the mechanisms that are
available to fit the data. The various parameter estimates for each calibration are shown in
Table 8. By observing how the quality of the fit changes as mechanisms are removed, we can
assess how large the “Washington Apples” effect is in our benchmark model. For comparison

purposes, we show the parameter estimates for our benchmark model in the first column.

Table 8: Parameter Values of the Alternative Models

parameters Bench mnoq con mkp no q, con mkp

o 1818 1210 22.682  7.086
o, 0.600 - 0.602 -
" 1711 - 3558 -
0 6.097 6.097 6.097  6.097

Table 9: Fit of the Alternative Models

moments data Bench noq con mkp no q, con mkp
std(log(sale)) 1.392 1.392 1.262 1.000 0.999
std(log(price)) 0.602 0.602 0.084 1.000 0.164

corr(log(sale), log(price))  0.054 0.054 -0.767 -0.000 -1.000
trade elasticity w.r.t. tariff 6.097 6.097 6.097 6.097 6.097

Consider the fit of the three alternative models to the key moments. In all models, the

dispersion of price and sales are matched but our benchmark model does a better job. More
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importantly, the positive relationship between price and sales would only be matched through
our benchmark model (see Table 9). This is also related to the previous discussion in the theory
part after the illustration of model mechanisms in Figure 4 when comparing our benchmark
model with alternative models in the literature. Not all alternative models can reconcile the dis-
persion of prices and sales and the correlation between the two simultaneously.** Without the
“Washington Apples” effect interacting with the variable markup induced by non-homothetic
preferences, it is not possible to generate a positive relationship between sales and observed
prices at the firm level. With the “Washington Apples” effect, it is in principle possible that
a configuration of parameters would allow for a positive correlation, but given the parameters
estimated to fit the full set of moments this is not the quantitative outcome. Lacking the

variable markups the correlation in the “con mkp” model is essentially zero.

6 Welfare Analysis

In this section we compare the welfare implications of the four different models. As discussed
earlier in the text, theory tells us that conditional on the aggregate trade elasticity, the models
have different implications for the magnitude of the gains from openness. In addition to having
different theoretical reasons for different welfare implications, the different parameter estimates
that obtain in practice when fit to the same data make the welfare implications quantitatively
different.

Table 10: Welfare Comparison

country Bench noq con mkp no q, con mkp

CAN 5.925 36.196  2.519 8.676
DEU 3.934  25.566 1.662 5.789
FRA 3.478  22.929 1.468 5.124
GBR 4706 29.857  1.993 6.912
JPN 1.292  9.125 0.542 1.914
USA 2.130 14.647  0.895 3.148
MEDIAN 4.403 28.200 1.863 6.473

Table 10 shows the various estimates of the gains from trade by each of the models for
a subset of the countries in our dataset (see Appendix J for all countries). Column 1 shows
the gains from trade estimated from our benchmark model. Column (2) corresponds to the
model with only variable markups but without endogenous quality (“no q”) which falls within

the type of models analyzed by Jung, Simonovska and Weinberger (2019) and Arkolakis et al.

34This is also the reason why the estimated ¢ is a very low value in the “no q” model and a very large value
in the “con mkp” model. For example, in the “no q” model, there should be no correlation between sales and
prices but we force the elasticity of substitution o to match all three moments (std(log-sale, std(log-price), and
corr(log-sale, log-price)). Thus, a low value of ¢ = 1.21 is obtained.
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(2019) (henceforth, an ACDR-type model). Column (3) corresponds to the gains from trade
in the model without variable markup but with endogenous quality (“con mkp”). The last
column refers to a typical Melitz-type model with neither variable markup nor the “Washington

Apples” mechanism (“no q, no var mkp”) which belongs to the ACR-type model.

We begin our discussion of the results by first comparing the models with variable markups
versus those with constant markups. As noted earlier, the quantitative results in Table 10 are
consistent with the previous discussion of welfare formulas in equations (29)-(32): the “Bench”
model (with median gains of 4.40%) yield greater welfare gains than the “con mkp” model
(with median gains of 1.86%); the “no q” model tend to produce gains from trade that exceed

those of the “no q, con mkp” model with median gains of 28.2% versus 6.48%.

Turning now to the welfare gains due to “Washington Apple” effects, when comparing the
gains from trade under the models with endogenous quality versus those without endogenous
quality (regardless of variable markups), we find that the models with quality variation al-
ways generate lower gains from trade (see Column 1 versus Column 2 and Column 3 versus
Column 4 in Table (10). This can also be verified by directly comparing the welfare formulas
in equations (29)-(32) conditional on the same parameter values across models and given the

parameter condition that 7 is larger than one.

Given the recalibration of the each of the models, it is ultimately true that the particular
ordering of welfare gains regarding the quality mechanism across models that obtains is quanti-
tative. Here, the distinction between the specific trade cost elasticity and the ad-valorem trade
cost elasticity is important.®> For instance, if we were to set 7;; = Tj;, we would obtain the
“true” trade elasticity with respect to trade costs is nf in the models with endogenous quality.
Our decision to impose that the ad-valorem trade cost elasticity is the same across models is
born in part of a desire to highlight the fact that all models have such an elasticity but models

with specific-trade costs have an additional trade elasticity with no analog in standard models.

We now turn to a comparative static that also highlights the complications that arise in

models with ad-valorem trade costs, specific trade costs, and endogenous quality upgrading.

7 Comparative Static

In this section we show that the impact of trade cost shocks on prices depends crucially on
the nature of the shock. Consider a 5% increase in trade costs between country ¢ and j as
measured by ﬂz_lTij. As can be seen in proposition 2 and in the gravity equation, whether
this increase was due to an increase in 1}?_1 or 7;; or some mixture of the two has no bearing
on welfare or trade volume effects of the liberalization. As shown in this section, there are very

big differences in the effect of these trade liberalizations on prices. Intuitively, an increase in

35Note that the above results are obtained by assuming tariff to act as cost shifters and using tariff to measure
trade elasticity. However, as discussed briefly in Costinot and Rodriguez-Clare (2014) and Felbermayr, Jung
and Larch (2013), tariffs could also be viewed as revenue shifters which would lead to a different estimation of
trade elasticity instead of viewing tariffs as iceberg trade costs.

37



Tg-_l raises the cost of serving the market and induces quality upgrading which leads to higher
prices, whereas an increase in 7;; induces firms to reduce their quality. Combined with the
extensive margin effect through a change in firm productivity cutoff after increases in trade

costs, the overall effects on average export prices are different for two types of trade costs.

In this section we demonstrate how these shocks lead to changes in prices quantitatively
and then contrast the price effects of a 5% increase in ad valorem trade cost with an equivalent
increase in specific trade cost. In addition, we check the effect of two types of trade costs shock

on the distributional moments of prices, sales, and markups.

Applying “hat” algebra to the choke price p; and equations (12) and (13), it is straightfor-

ward to solve ;5; and @7; according to the following two equations:*’
e~ ?jj\j
>N (5)
s - *\ 7
Pij = ,I;Z ITZJ( i) (p]> ) (40)

where w; can be solved from the system of equations (27). We can obtain other macro variables

in a similar way by applying the hat algebra.

Next, we re-simulate the model to generate pseudo exporters using our solved macro vari-
ables after the trade shock. We use the same firm productivity draw (¢) and cost shock draw
(¢) in the benchmark simulation. This guarantees that our comparative statics are performed
on the same set of firms and cost draws, and all the changes are solely driven by the change
in 7T;; or the change in 7;;. Specifically, for a firm with productivity ¢ and cost draw e, we

construct after-shock firm price using

(pC’HN,j (%5))/ = (ﬁCHpr—W) (25;)/ (QCHN,j (90, 5))I>

1
where (Pemn,; (¢,¢€) /p]) depends on (cp/ (P&mn, (6))/> " via the firm pricing equation (36)
and where (gpc HN ( ) = (en N Pomn,) €7 denotes the after-shock productivity cut-off.*”

Similarly, ( ) = pjpj is the after-shock quality adjusted choke price and (goun; (¥,€)) =

Pj
1
(5TO v P/ (=1 Tonn ]) " is the after-shock optimal quality choice. Finally, we compute the

mean of log-price across firms for each destination.

Figure 8 shows the results of our comparative static. The top panel shows the impact of
YA’;}_I = 1.05 for ¢ # j on average export prices set by our model simulated Chinese firms
across countries in our data set while the bottom panel shows the results across the same set

of countries for 7;; = 1.05 for i # j.

The differences in the results are both striking and intuitive. On average a 5% increase in

36The exact steps are omitted here to save space.
37"Due to an increase in YCHN,j» some unproductive firms that use to export to destination j before the shock
will not be able to export after the shock.

38



0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0.005

-0.005

-0.01

Figure 8: Different role of T and 7 on export prices

T"-1 increase by 5%
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Notes: y-axis is average destination (log) price increase after the shock.

specific trade costs induces an approximately 6.5% increase in export prices as the shock both
raises the cost of serving the market and induces firms to upgrade their quality. The increase
in firm productivity cutoff magnifies this latter effect so that there appears to be more than
100% pass through. For the case of a shock to ad valorem trade costs, the effect on average
is very close to zero because there are competing effects of roughly equal magnitude. On the
one hand, higher ad valorem trade costs induce firms to downgrade their quality and so reduce

their prices. On the other hand, higher ad valorem trade costs raise the firm productivity cutoff
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which induces weaker firms to exit and thus increase average prices. These two effect offset

each other so the overall effects of ad valorem trade costs on export prices are small.

If firms set constant markups over marginal costs, the ad valorem trade costs would not
affect the price, and hence the effect on export prices is only from the changes in specific
trade costs. After introducing variable markups, the ad valorem trade costs would affect both
productivity cutoff and prices. However, its impact of ad valorem trade costs on prices is still

smaller compared to the impact of specific trade costs on prices.

The key point to take away from this comparative static is that when trade costs are mixture
of ad valorem and specific as must be so in the real world, the relationship between import
prices, export volumes, and the gains from trade becomes complicated. The nature of the

shock determines this relationship.

Table 11: Effects of T" and 7 shocks on distributions of prices, markups, and sales (% change)

CAN DEU FRA GBR JPN USA

Panel A: T shock

mean(log(prices)) 5.86  5.77 575 580  5.67  5.70
Panel B: T shock

mean(log(prices)) -1.00 -1.09 -1.11 -1.06 -1.19 -1.16
panel C: common responses to T and T shocks

std(log(prices)) 0.02 001 0.0 0.02 002 0.02
log(prices) 99-50 -0.02 0.01 -0.04 0.03 0.02 0.03
mean (log(markups)) .00 -1.09 -1.11 -1.06 -1.19 -1.16
std(log(markups)) 259 28 291 276 312  3.03
log(markups) 99-50 2.81 3.11 3.18 3.00 3.40 3.30
mean(log(sales)) -78.04 -80.06 -80.36 -78.92 -87.62 -85.28
std(log(sales)) 70.57 7218 71.12 T71.04 7874 75.33
log(sales) 99-50 20.61 21.63 21.60 21.00 23.67 22.99
corr(log(prices), log(sales)) -10.50 -21.35 -29.09 -15.61 -11.84 -18.10
corr(log(prices), log(markups)) 204 373 486 267 3.03 289
corr(log(markups), log(sales)) -16.32 -16.21 -15.31 -15.85 -18.02 -16.59

Finally, we examine the effect of different trade costs on distributions of prices, sales, and

markups in different destinations in Table 11. We focus on the same set of firms that export to
the specific destination before and after the trade cost shock and find the following observations.
First, due to the quality mechanism, price levels change differently depending on trade shocks
from T" or 7, which can be seen from the mean of log prices in panels A and B. Second, only
the price levels show differential responses to 1" and 7 shocks. The other variables — including
the dispersion moments of prices, markups, and sales, the levels of markups and sales, as well
as the correlations between prices, markups, and sales — display identical changes in response

to either T shock or 7 shock. This is because the two types of trade cost shocks have identical
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effect on productivity cut-off ¢};(e) by construction. We report those common responses of

various distributional moments to T" and 7 shocks in Panel C.

It is interesting to note that after the trade cost shock, the dispersion of prices alters very
little, while the dispersion of sales changes substantially.*® This is because high- versus low-
productivity firms show differential responses to trade cost shocks. To demonstrate the mech-
anism at work, we illustrate the changes in prices and sales by a low- versus high-productivity
firm that exports to destination j using Figure 11 (see Appendix K for details). The analytical
result of the illustration in Figure 11 suggests that firms with different initial productivities
change their export prices to a similar extent, whereas the associated changes in their sales
are profoundly asymmetric across firms, with relatively less productive firms reducing their
sales by more. As a result, we observe little changes in the dispersion of log(prices) but larger

changes in the dispersion of log(sales) after the trade cost shock.

8 Conclusion

In this paper, we analyzed a model that contains three mechanisms that contribute to price
dispersion across firms and countries. These mechanisms include firm heterogeneity in pro-
ductivity, non-homothetic preferences that give rise to variable markups, and a “Washington
Apples” mechanism that features specific trade costs and quality choice by producers. These
three mechanisms allow our model to fit well the rich pattern of cross-country and cross-firm
price variation observed in the data. Removing any one of these mechanisms made it difficult

for a simpler model to fit the key aspects of the joint distribution of firm-level prices and sales.

A nice feature of our model is that incorporates specific trade costs into a quantitative
framework in a simple manner. An important implication of adding specific trade costs is that
there are now two distinct trade elasticities that arise. Cost shifters that act as ad-valorem
trade costs imply a lower elasticity than cost shifters that act as specific-trade costs. In the
absence of a way of categorizing trade costs, standard gravity equation analysis is problematic.
To overcome this, we showed that the aggregate trade elasticity could still be recovered from

variation in markups as in Jung, Simonovska and Weinberger (2019).

We also showed that the relationship between export prices and the gains from trade de-
pends substantially on the nature of trade costs. Specifically, among trade cost shocks with
equivalent welfare implications, shocks to specific trade costs generated outsized shifts in ex-
port prices while shocks to ad valorem trade costs had little impact on these prices. This means
that in the absence of accounting for quality upgrading and for its interaction with pricing-
to-market, it is hard to infer the relationship between export prices and the welfare effects of

trade shocks.

38Gee, for example, for Canada, under a cost shock of a 5% increase in 777!, the changes in the distribu-
tional variables are the following: std(log(prices))=0.01, 99-to-50 percentile ratio of log(prices)=-0.02 whereas
std(log(sales))=67.83, 99-to-50 percentile ratio of log(sales)=40.45.
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Finally, we demonstrated that global welfare results can be derived from variable markup
frameworks and that these can be compared across models conditional on a given aggregate
trade elasticity. We found that generalized CES systems imply greater gains from trade than
non-generalized CES preferences because they feature an “excessive” love of variety that arises

from positive utility obtained from simply having access to a variety.

Going forward, we hope that research in the field of international trade will become more
cognizant of the importance of modeling trade costs more flexibly. We hope that our framework
will encourage more research by demonstrating the potential quantitative importance of specific
trade costs and by showing that it is possible to write down relatively simple models that allow

for both firm heterogeneity and non-iceberg-type variable trade costs.
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The Online Appendix for “Quality, Variable Markups,
and Welfare: A Quantitative General Equilibrium
Analysis of Export Prices”

A Derivation of Demand Function

The utility of a consumer in country j takes the following form:

fed

o—1

Z/ (g (@), (w) +7) 7 dw] (A.1)

subject to the following budget constraint:

Z/ pij(w)z;(w)dw < y; (A.2)
i OJGQZ']'
. . o—1 =75
So that the Lagrange function can be written as: £ = [Z fw€Q (qw w5 (w )+x) g dw} +
( - > fweg pij(w ( )dw) where A is the Lagrange multiplier, y; denotes the con-

sumer’s income. Takmg the first order condition with respect to x§;(w) yields:

|

1

Apij (w) = U7 (i (w)af;(w) +7) 7 g5 (w) (A-3)

1

Following Jung, Simonovska and Weinberger (2019), we define P}, = {Z, Joeq,, Dij (W)™ dw}m,
and Py =37, [ o Pij (w) dw, where py; (w) = pyj (W) /gi; (w) is the quality adjusted price. The

first order condition (A.3) can be rewritten as:
¢ij (W) (w) + 7 = U; (Api; (w)) ™7 (A.4)
Plugging equation (A.4) into equation (A.1), we have:

A=—
P

Jo

Then substituting the above equation into equation (A.4) yield the solution for zf;(w):

) = |22 o -, (A5)



Plugging the previous equation (A.5) into the budget constraint, we have:
-3 / | Pale)a ()
pz I . "
i Y wE

_Uf)]zr_ 'Pj7

Hence, we have:
Yy +ab;

Uj — P
jo

Combing the previous equation (A.6) with equation (A.5) implies:

L |y +7P (pz-j (w)>” _ j] (A.7)

Gij (w)

zij(w) = a2 (w)L; =

P77 \gij (W)

B Log Utility Function

The representative consumer in country j’s demand satisfies:

() = 26 (L — FLi U
wil) = )Ly Gij (W) Li,-j(w) 11 (B1)

TN;
Now, sales and proﬁt for a given variety exported from i to j are as follows,

where p;js (W) = p” w) and ¢; = Yttt The aggregate prices satisfies P =3 [ cq.. Pij (W) dw.
ij

) = 7Ly () | =1 -1 (B.2)
o) = ol [y () = B )] [~ 1] (B3

where ¢&; (w) = Z?f EZ; is the quality-adjusted marginal cost. Given the quality adjusted marginal
ij

cost, firms maximize their profits. This implies that the optimal price of the good satisfies:
Pij (W) = /65 (w)

We assume that the marginal cost of producing a variety of final good with quality ¢;; by
a firm with productivity ¢ is given by:

wZ 1,
cij(p,e) = <,Tijwz’ + - JQZ)

where 7;; is ad valorem trade cost and 7j; is a specific transportation cost from country i to

country j. Maximizing the profit is equivalent to minimizing the quality-adjusted cost ¢&; (w)



by the envelop theorem. Choosing the quality to minimize the quality-adjusted marginal cost

implies that the optimal level of quality for a firm with productivity ¢ is:
- 1
ijP K
w9 = (25— ) (B.1)
’ (n—1) 7y
and hence the quality adjusted marginal cost of production now is:

n—1 _1
~ n n ) n
G (p.8) = | ——Thw; B.5
&ij (p,€) (77_1 gw> (nwm) € (B.5)

At the productivity cutoff ¢j; (¢), we have pj; (p,¢) = &; (¢,€) = 1b;, which implies that the

productivity cutoff ¢7; (¢) takes the following form:

n" n—1 n -1 1
WTM Tijw; (¥5) " e,

In the log utility function, price could be written as:

90:;' (e) = 802}577 =

1

4 oo
pij(p,e) = [ - 1 Tie.
il %‘j(5> n—1"

Different from the CES utility function, now the markup function could be expressed explicitly
1

R
as [T;(a)] '

C Derivation for P;, P, X;; and 7;

To derive the aggregate variables, we define t;; = py; (w) /p;j. Following the insight of Arkolakis
et al. (2019) and Jung, Simonovska and Weinberger (2019), this will make the integration not

country specific. From equations (9) and (11), we have:

Gij (p,€) _ Cylpe) ( ¥ )_’1’ (C.1)

P; Cij (¢, €) ©i (€)
Combining the above equation with equation (6) we have:
1
4 K o+1
ol —— =t7" 4+ (0 — 1)ty (C.2)
(%’j (5)) ! ’

which implies that ¢;; is a monotonically decreasing function of ¢. Note that ¢;; will lies between

(0,1] since ¢ € [¢}; (¢) ,00). Totally differentiating both sides gives us:

(c+ 1)ty + (0 —1)
o T4y i
[tij+1 + (0 —1) tij] !

dp = —no'yj; (€) (C.3)



First, we derive Pj,. By definition, we have:

1

PjU = Nij S ~ij ) e AL Z) dpd -
{Z /0 /%(8)29 (¢, ) 7 wij () f(e)dp 8}
=Pj {ZNU /OOO [/OO ti 7 pij (0, €) ds@] f(e) ds} _ (C.4)

?j (e)

Plugging in the expression of conditional density p;; (¢, €) into equation (C.4) and then we
transform the integration variable from ¢ to ¢;; by using the relationship between ¢ and t;;,

the inner integration with respect to productivity can be written as:

] 1
-0 779 —0o [40 0—1 o
/* ( )tz‘lj pij (i, €) dp = e 0 tz‘lj [tij—H +(0—-1) tij}n [(‘7 + 1)t + (0 - 1)} dty;
wij €

which is a constant, and we denote it as 5,. Thus,

1 1

Pj — al'—a It)‘;k le—o
Second, we derive P;. By definition, we have

P,=Y N, / / P (59) (€ e
i 0 Jeyle
=5 |

= Bp;N;

[/Oo tijhij (,¢€) dw] f(e)de

fj(f)

In the last equality, we use the same variable transformation method as before where [ is a

constant, defined by:

nf [t o 0—1 o
b= W/O ti [t5 + (0 = Dty]™ [(o+ 1)t + (0 — )] dty

=

To derive the equations (C.5) and (C.6), we plug in p} = (ﬂ) " into Pj, and P;, we

g
xPjO,G
have:
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1
w; +72P; \°
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which provide us with 2 equations to solve for P;, and P;. Solving the system yields:

_ B
TP; =
! /BO' - 6
) Bo® =
TP, = 3, Ble w;

Next, we derive bilateral trade flow X;;, which is given by:

Xij = Nz‘j/ [/ ( )Tij (p,€) pij (@, €) d@] f(e)de
0 cpz‘j €

= Ny (zp; L) /O [/ ( )tz’j (t57 = 1) paj (0, €) d@] f(e)de
Pij\&
N

N

= (85 — B) Tp;L;

where X; = ). X;; is total absorption.

Finally, we derive firm’s expected average profit m;, which satisfies:
1 oo o0
M= Z Nz‘j )Wz‘j (v, ) pij () f (€) dpde
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D Proof of Propositions

D.1 Proof of Proposition 1

The percentage change of U; satisfies:

g

danj =

7 (dlnwj —dlnﬁj)

Based on equations (11), (13) and (21), we can rewrite N;; as:

—0
nﬂw b,L, N e g (7))

Nij fﬁX ( 1)7] 17145

ti) (t;7 = 1) (15 + (0 — 1) tij}"e_l (0 + 1)t + (o — 1)] dt;;

(D.2)



where Sx = B, — [ is a constant. This implies that

1 —0
Xi; Ny hL (T )

Xy YNy > biL; (TZZ 'ijw n>76

Ajj = (D.3)

Consider the foreign shocks: (b;, L;, T;;, ;) is changed to (¥, L;, T/, 7};) for i # j such that

3 Lig zg
by =0, Lj = L}, Tj; = Tj;, 755 = 7;;. Totally differentiating the previous equation implies:

dInXj; =Y Nij [0 (dInw; — dInw;) — dIn &l (D.4)

where dIn &;; reflects any foreign shock, which satisfies:
dn&;=—-0(n—1)dInT;; —6dIn7; + dlnb; + dIn L,

The expression of p, together with equation (C.5) and (C.6), imply that:

1
dlnf; = —dInw, + = 5o = dlnw; — Y Aydln N (D.5)
g -

Totally differentiating the expression of NV;; and substituting the percentage change of N;; into

the previous equation, we have:
dinp; =dlnw; — > AdIn N

=dlnw; + Y Xy [0n (dInw; — dInp}) — dIng;]

1 1
:—1+n9dlnw]~—l— 1+n92i),~j [OndInw; — dIn&;j] (D.6)

Hence, the percentage change in welfare satisfies:

g

dnU; = —— (dlnw; —dInf;)
0'_
o 1
T - 1?7]0;)‘@' [0n (dInw; —dInw;) — dIn&;]

o 1
= 0_11+ gdln)\ﬂ (D.7)

Integrating the previous expression between the initial equilibrium (before the shock) and the

new equilibrium (after the shock), we finally get

o 1

0= (3,) 7 (D3

It shows that the changes in welfare at country j can be inferred from changes in the share of

o 1

domestic expenditure, A;;, using the parameter, — 3T



D.2 Proof of Proposition 2

We consider an arbitrary change in trade costs from 7;; to 7;; and Tj; to T};. The share of

expenditure on domestic goods in the initial and new equilibrium, respectively, are given by:

1 —0
s — Xy bl (TJZ T5W n) D.9
. e ) 09
iV 3 bl (T mjw!)
b;L, T ()
N = (735 Jﬂl( i)") - (D.10)
> i biL; <(7—11/]>17 i (wé)n>
Combing the previous two equations, we obtain:
N ()"
Ajj = T (D.11)
- ~ =B
2 Nig {( w) Tij] (@)~
Labor market clearing condition implies that:
biL; [T 7] - w; "
wlLZ = Z )\ijijj = Z J ’U}ij (D12)

i > i bir L [szj]*@w;""

After 7;; becomes 7' and T;; becomes T}., the previous equation becomes:

’L]’

1, 17" _
iam S bLs (1) 7] »

? —0
> i bir L [(Ti,’j)n_l Ti/'j} (w;,)—ne

We can rearrange the previous expression as:

n—1~ —0 ~\—nb
R )\ [T‘z] 7_7«]:| (wl}
wzw,Ll = ’ijij

n—1~ —0 ~ \—7
i D )‘m[ i'j TZJ] (W)

which implies the equation (27).

E Global Measure of Welfare Gains

E.1 Derivation of Equation (25) in Proposition 1

The welfare measure can be written as follows:

Z/ QZJ ( ) + :B) = dw = %{fpj (El)




1

= .o
which together with the expression of TP; = %wj and TPj, = g"_ 5 le"’ w;, implies that

U; =287 N7, (E.2)
By definition, N; = >, N;;, we thus have the following relationship
Ny =) Ay, (E.3)

and combining the equation (E.2), we have

The equation (17) implies that \;; = % = ZN%, SO
. . N..
Nj=) Ay ==, (E.5)

R o) T
Uj = ( A]J> ) (E6)
Njj
We thus have

—0 ~ —0
A ~k —0 'lz]] ! A~ _977 Nj 1 ! N lj»Zn
Ny = (¢5;) = = = <Nj) =13 = <Ajj) (E.7)
j

JJ

where the first equality stems from the equation (13), the second equality stems from the
equation (12), the third equality stems from the equation (17), the fourth equality stems from
the equation (E.5). The previous equation (E.6), together with the equation (E.7), implies
that:

o

R o) T o SR A
- () - ) -

14+6n
o Ajj)

E.2 Equivalent Variation as Global Measure of Welfare

Formally, the exact welfare change in country j is computed as e (pj,U ]’) Jw; —1, where p; and
w; are the set of good prices and the wage in the initial equilibrium, respectively, and U7} is the

utility level in the counterfactual equilibrium. The expenditure function in country j takes the



following form:
-3 [ mwg (©3)
i Jwey;

subject to the following budget constraint:

[Z/ QZ] ( )"’ Q?) ;1 dw] > Uj (EQ)

Taking the first order condition with respect to x;(w) yields:

1

P () = AU7 (g5 (@) (@) +7) 7 g5 (W), (E.10)

where ) is the Lagrange multiplier. The previous equation can be rewritten as:

¢ij (W) (w) +T = Uj (pi (w) /A) 7 (E.11)

where p;; (w) = pij (w) /qi; (w) is the quality adjusted price. Plugging equation (E.11) into

equation (E.9), we have:

1

zf': /wegij (Bij (w))' ™7 dw] =

Then substituting the above equation into equation (E.11) yields the solution for z;(w):

) = |2 Ty -, (£.12

Plugging the previous equation (E.12) into the object function, we have:

- Z/EQ__ﬁij(“)%j(w)xfj(w)dw

R Ry I

)

= Pyol; ~ 2P,

Hence, the exact welfare change in country j is computed as

bjoUj —xb; — (Pj,Uj — 2F))
PjcU; — TP
PoU; U= U
BiUj —2P; U

e(p;,U;) Jwj —1 =

where Pj,U; = and TP; = 5 BwJ in equilibrium. Hence, the exact welfare change in

,6’ Fop Wi



country j satisfies
Bo Uj/ - Uj . Bo [7

e(pﬁU]{)/wj_l:BU_ﬁ Uj _/80_6 J

F  Multi Sector Extension

F.1 Derivation of Multi Sector Model

Household utility in country j can be written as:
Ui =116, (F.1)

with

gs

Z/EQ (4 (@) () +7) 5 dw] . , (F.2)

ijs

Cjs =

The representative consumer in country j’s demand satisfies:

2 () = — {{ﬁijf(w)}_gs—l} (F.3)

Qijs(w) p;ks

1

where p;js (w) ) . plos

— Piis(@) o0 Pl = [a(zx—w} ". The aggregate prices satisfy P =

1
~ _ _ T .
> fweQijS Pijs (W) dw and Pjys = {Zz fweﬂijs Dijs (w)l 7 daJ} . Now, quantity, sales, and
profit for a given variety exported from ¢ to j in sector s are as follows,

() = TsL; [(ﬁz’js (w)>_as B 1] (F.4)

B Qijs(w) p;s

rijs(W) = T,LPijs (W) [(pj—(”)> T 1] (F.5)

*
ij

_ _ N Pijs (W) 7
WM@I%%@mW%meﬂK%§—> —1 (F.6)
75
Cijs (W)
ijs(w)
marginal cost, firms maximize their profits. This implies that the optimal price of the good

where ¢;;5 (w) = is the quality-adjusted marginal cost. Given the quality adjusted

satisfies:

fm@ﬁz(%JW>H1HU_DQEE2 (F.7)

Pis Djs Pjs
We assume that the marginal cost of producing a variety of final good with quality ¢;;s by a

firm with productivity ¢ is given by:

Ui
wiTijqu'jss)
— ) ¢

Cijs<307 8) = (ﬂjswi + ©

10



where 7,5 is ad valorem trade cost and T is a specific transportation cost from country ¢ to
country j in sector s. Productivity ¢ follows the Pareto distribution with c.d.f. G; (¢) =1 —
bisp~ %, and ¢ follows the log-normally distribution with the variance o, in sector s. Maximizing
the profit is equivalent to minimizing the quality-adjusted cost ¢;; (w) by the envelop theorem.
Choosing the quality to minimize the quality-adjusted marginal cost implies that the optimal

level of quality for a firm with productivity ¢ is:

1

ﬂjs%p s,
s\, ) = | —————— F.
Gis(:) <(%_%S) (F.8)

and hence the quality adjusted marginal cost of production now is:

ns—1 _1
- ’)78 Ns 90 Ns
o= ()™ ()
! ( ) <773—1 ! NsW;iTijs ( )

At the productivity cutoff ¢, (), we have pj;, (p,¢) = ¢, (p,€) = pj,, which implies that the

productivity cutoff ¢j;, (¢) takes the following form:

n
sS ns—1

ijjs (8) - Sojjsgns - 1)773—1 158 Tijsw'?s (ﬁ;s)_ns 8”87

(ns -

Based on the similar derivation in the one-sector model in Section 3, we know that the
exporting firm mass N;j,, the aggregate price Pjs and Pj,s, the trade flow Xj;,, the expected

average profit m;s and the potential firm mass .J;s in sector s satisfy:

—0s

Nijs = KsJisbis (@:js) (F.10)
ﬁsp]s (F.11)
TPy = BT p;SN.l—%fs (F.12)
Xijs = BxsTsPjsNijs Lj (F.13)
Tis = Brs 3 Totisbis (95) " BiaLys (F.14)

J
Ll 19

where £, B, Bys, Brs and Bxg are constant. Now, the expression of choke price pj, together

11



with the equation (F.11) and (F.12), implies®

ists = ’)/S’U)j <F16)

:Z'spjo's = 5 Uls 7 les JS W (Fl?)
~k 78 W

p]s - 53 ]s (F18)

where 7, are determined by Ssas (3, Vs + 1) = BosTI*Ys.

F.2 Proof of Proposition 3

The percentage change of U; satisfies:

dnl; = Y~ (dlnw, — dlnp;,) (F.19)

Based on equations (11), (13) and (21), we can rewrite N;; as:

K//qus s —1 ~ _7]3) _0S
Ny = asbis Ly | ——————=T" " 15w} (D7, F.20
! /BXsfs ((775 _ 1)%—1 J J (pj ) ( )
which implies that
1 —0
oo — Xjjs  Nys  bisly (7755 miswy) (F.21)
jis = = = - :
SXa  SVo ¥ bl (T )

Consider the foreign shocks: (b;s, L;, Tijs, Tijs) is changed to (b, Lj, T}, 7/;,) for i # j such that
bjs =V, L; =L, Tjjs =T

iss Lij 5 Tijs = Tj4,Tjjs = Tjjs- Totally differentiating the previous equation implies:

dInXjjs =Y Nijs [0 (dInw; — dInw;) — dIn &) (F.22)

39We can get them by first conjecturing T, P;s = vsw;, where v, is sector level constant. Then Y ZsPjs =
(2_4 7s) wj, which implies the price cut-off pj, can be written as:

(~* )as _ Os Qosrs +Hw; B, (3,7 + 1) (j\l;g)o

Pis xspl 7 B Bosx ’Ys T

jos

Hence, we have

Bsous (Z Vs + 1)

1
s
w; = YsW;
— o5 J s
6053709’75 :|

i’spjs = Bs (0579&775)]5;5]\[3'5 = [
Hence, v, is determined by

Bsas (Z Ys + 1) = Basfgs’ys

Hence, we have equations (F.16), (F.17) and (F.18).

12



where dIn §;;, reflects any foreign shock, which satisfies:
dln 51]8 = —93 (773 — 1) dlnTUS — Qsdln Tijs —+ dIn bis + dIn Ll

The expression of p}, together with equation (C.5) and (C.6), imply that:
J

s — 1

1
dinpj, = —dlnw; + dIn Pjgy = dInw; — Y~ AjjedIn Ny, (F.23)

S

Totally differentiating the expression of NV;; and substituting the percentage change of N;; into

the previous equation, we have:
dinpj, = dlnw; = AjjudIn Ny,

1
T g AW + ) Z Aijs [Ns0sd 10 w; — d1n €] (F.24)

Hence, the percentage change in welfare satisfies:

dnU; = Y 2= (dnw; - dnp;,)

Q50 1
= B Sy zi:/\ijs 505 (dInw; — dlnw;) — dIn g
o 1

__ dln A,
o, 11470,

(F.25)

Integrating the previous expression between the initial equilibrium (before the shock) and the

new equilibrium (after the shock), we finally get

Qg0g 1
] > T os—11+ns0s
0 =11 (Ajjs> i (F.26)

s

It shows that the changes in welfare at country j can be inferred from changes in the share of

QsOs 1

domestic expenditure, Aj;s, using the parameter, 7% .

G Fixed Quality Case without 7;

We prove the welfare implication of our model without ¢;; and 7j;. From the demand system,

we have the representative consumer in country j’s demand given by:

|yt ah

zij(w) = L; plo Pi () I (G.1)
jo

13



1

e 1-0o .
where P; = ), fweﬂij pij(w)dw and Pj, = {Z, fweQij pij(w)? dw} . Now, quantity, sales,
and profit for a given variety exported from ¢ to j are as follows,

zij(w) = L, [(pij Sw))_a - 1] (G.2)

p;

rig() = 7Ly (@) [(p—“")) - 1] (@3)

P;
)

() = L, [y () — € () [(p’”’i ) - 1] (G4

1

is the choke price. Given the quality adjusted marginal cost, firms

where p;- = | For=
Jo

maximize their profits. This implies that the optimal price of the good satisfies:

SCu (@) _ (Pz‘j (w)>a+1 (o —1)Pi (W) (G.5)

p;j p;j p;j

For the production, we assume that the marginal cost of production is

W; Ty
Cij = —E
¥
where ¢ follows the Pareto distribution with c.d.f. G; () = 1 — b~ and ¢ is drawn from a
log normal distribution. At the productivity cutoff ¢j; to sell goods from country 7 to country

J, we have pj; (p) = ci; (¢) = pj, which implies:

o = —2e (G.6)

Based on the similar derivation in Section 3, we know that the exporting firm mass NV;;, the
aggregate price P; and Pj,, the trade flow X;;, the expected average profit 7; and the potential

firm mass J; satisfy:

Ny = &' Jib; (90:]')_9 (G.7)
xP; = B'p;N; (G.8)
#Py0 = BpNT (G.9)
Xi; = By @piNyL; (G.10)
mo= 0> ik (9}) " piL (G.11)

J
J = E_XLT (G.12)

where &', 3', 8}, B and 3 are constant. The expression of choke price p}, together with the

14



equation (G.8) and (G.9), implies

_ o4
TP = 5 —5’wj (G.13)
1
. (Be) ™7 %
TPj, = -7 7 N~ w; (G.14)
1 wj
e —L G.15
BT =N, (61
Now, the welfare still satisfy:
w:\ 71
Uj = Bu <—])
P;
where (3, = P ( ,B’Bé B’) °' is a constant. The percentage change of U; satisfies:
g *
dInU; = 7 (dInw; — dlnpj) (G.16)
Now, \;; satisfies:
-6
Ny — Njj _biLj (m55w)) (G17)

>Ny > bl (Tijwiyg
Consider the foreign shocks: (b;, Li, 7i;) is changed to (b;, L}, 7j;) for i # j such that b; =

i, 7jj = 7;;- Totally differentiating the previous equation implies:

dln\j; = Z Nij [0 (dInw; — dInw;) — dIn ;] (G.18)
where dIn§;; reflects any foreign shock, which satisfies:
dIng;; = —0dInT;; + dlnb; +dIn L;
The expression of p; imply that:

dlnp; =dlnw; — > \ydIn Nj; (G.19)

Totally differentiating the expression of NV;; and substituting the percentage change of N;; into

the previous equation, we have:
dlnp; =dlnw; + > Ay [0 (dlnw; — dInp}) — dIn&;]

1 1
:_1+9d1nw.+—1+92i:Aij [fdInw; — dIn &) (G.20)

15



Hence, the percentage change in welfare satisfies:

dInU; = 7 ] (dlnwj —dlnp;)
O'_
o 1
:—0_1—1+9d1n)\jj

Integrating the previous expression between the initial equilibrium (before the shock) and the

new equilibrium (after the shock), we finally get

__o _1_
0= () " (G.21)
It shows that the changes in welfare at country j can be inferred from changes in the share of
domestic expenditure, A;;, using the parameter, —ﬁﬁ.

H No Variable Markup Case with x =0

We prove the welfare implication of our model with a constant markup. From the demand

system, we have the representative consumer in country j’s demand given by:

22() w; L (Pij (W)>_U (H.1)

gy (w) P gy (W)

1
where Pj, = {Zz Joca,, ﬁz‘j(w)l_"dw} "7, To make our derivation compact, we define f;; (w) =
ij

pij (W) /qi; (w). We thus can write quantity, sales, and profit for a given variety exported from

1 to j as follows,

o) = Wiy Dy (W) "
l’lj( ) Qij (w) leo_g (HQ)
)1—0

rij(w) = ijjPN—ij}gf_a (H.3)
() = sl [y () — 2 ()] DI (H4)

where ¢;; (w) = ¢;j (W) /¢;; (w) is the quality adjusted marginal cost, where ¢;;(w) is the marginal
cost of production. Given the quality adjusted marginal cost, firms maximize their profits. This

implies that the optimal price of the good satisfies:

o—1

pij (W) = ——Cij (w) (H.5)

In a similar spirit as in Feenstra and Romalis (2014), the marginal cost of producing a

16



variety of final good with quality ¢;; by a firm with productivity ¢ is:

Y
wﬂz‘j%j) .

cij(p,e) = (Tij’wi +

where ¢ follows the Pareto distribution with c.d.f. G;(¢) = 1 — bjp=? and ¢ is drawn from
2

a log normal distribution with zero mean and variance oZ. From the first-order condition
associated with the previous marginal cost equation, the optimal level of quality for a firm
with productivity ¢ is:
1
Tye |"
Gi(.2) = { ; ] (1.6)
’ (n—1) 7
and hence the quality adjusted marginal cost of production, the quality adjusted marginal cost

and the export profit could be rewritten as:

n—1 _1
. cij (p,€) n A" "
i (p,e) = = Ty, H.7
G (:) qij (¢, €) (77—1 Jw) (nwmj> : (5.7)
n=1 _1
- g — 1 77 n gp n
(W) = Ty, H.8
pj(‘*}) pu (77_1 ]w) <77wz‘7'z'j) € ( )
1 piy (W)
mij(w) = ;ijj]PT (H.9)

There is also an export fixed cost f;;w;, which need to pay before the exporting. As a result,

only a fraction of firms will export and export produtivity cutoff satisfies:

n

n—1 1
% g — 1 77 n 1 lefz ,Pllo-*O' o—1
iy = (—77 — 1Tijwi> (qwiTi)n e (—J : (H.10)

g 'LU]L]

With these definitions in mind, the aggregate price statistics, Pj,, can be rewritten as:

1
o—1—6n _917

n—1 —977
779:‘{1 ag — 1 7] n lefz] o—1
J 776 - (0_ . 1) i bZJZ ( P (17 1 l]wl) (nwlTZ]) > ( /LUJL]

3=

(H.11)
where « is a constant. The bilateral trade flow, X;;, would satisfy:

Xij = Nz‘j/ / 15 (¢, €) g (@, €) f () dpde (H.12)

0 Pis
] =1 ) —0n ; o—1—0n
o— n = ow; fij o—1
ok (71 (7T meﬂ") (%) i
= 0= (o 1) ik P (H.13)
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Firm’s profits equals to the total fixed cost paid, which yields the free entry condition:

=== X; == H.14
wf O'JZ' 7 J o Jz ( )

where the last equality stems from that total income equals to total expenditure. Hence, the
potential firm mass is

Now, the percentage change of U; satisfies:

dinU; = dlnw; — dln P},

(H.15)
Now, \;; satisfies:

b L. <(T?7,—17,.)% w')Hn (w.f..)%:f)"
\ Xj; i i Tii b 545

Z o 1 —0 1 (H16)
E T S () ) )

v

Consider the foreign shocks: 7;;, Ti;, fi; are changed to

i, Ty, fi; for i # j, respectively, such
that 7;; = 7/, Tj; = T}, and f;; = f};. Totally differentiating the previous equation implies:

dln\;; = Z)"'j [(00_1677— 1) (dInw; — dlnwj) —dlngijl

where dIn&;; reflects any foreign shock, which satisfies:

(H.17)

(H.18)

1 1 11
dlng,; = —0y <5d1mij + ”len:nj + (m - %) dln fij)

The expression of Pj, implies that:

1 1
dlnPj, =YX [dlnwi+ (_ -

1
7 977) (dlnw; —dlnw;) — %dlnfij] (H.19)

Hence, the percentage change in welfare satisfies:

1 1
dinU; = -\, K% - %) (dInw; — dInw;) — %dln&j]
1

Qnd ln )‘jj

Integrating the previous expression between the initial equilibrium (before the shock) and the

18



new equilibrium (after the shock), we finally get

1

ﬁj = (ij> B (H.20)

It shows that the changes in welfare at country j can be inferred from changes in the share of

1

domestic expenditure, A;;, using the parameter, — o

I Derivation for Welfare Comparison

I.1  Quality Case with T;

The representative consumer has preferences of:

o

o—1

Y; +zP; BU W;

Z/ QZ] ( )+ZL’) ;1 dWI = Pja ) — ﬁa—ﬁg (Il)

1

where Pj, = {Z Ji [5° f(p (o Dij (0,€ ) g (o) f (e )dgpde} . Totally differentiating the pre-

vious equation, we have:

dinU; = dlnhw; —dlnPj,

1 (o) [e%¢) ~ Y
- dlnwj—ZAij (;dln [J/O /w.(e)pij(so,f)l gi(sO)f(E)dsodED

where

[Ji | / IRCERIACHE ds@d€]

fo fgp ) Dij (p,€ )1 Udlnpw (¢,€) gi (@) f (e) dipde
T i (P (0 T () dde

1

12 0 (05 (0) @ (e) f (e) de
o—1 fO f () Dij (¢, )170 9: () f (¢) dpde v

_|_

where the first term is the effects of changes in the prices of existing varieties calculated in
ACDR; the second term is the effects of a change in potential firm entrants; the third term
is the impact on welfare associated with the change in cutoff. Same as ACDR, the effects of
changes in potential firm entrants, dIn.J; = 0. However, the third term, the impact from a
change in cutoff, is not infinitesimal, which should be larger than the gap between GTBe"Ch

con mk; : : el 1
and GT; ?. The welfare change in our benchmark model are given by —-%+ Toon )\ and the
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welfare change under the model without markup is given by —#ﬂ Hence, their gap equals to

o b5 Y
o—11+6n"" On
onp—(c—1) 1

_ dln ),
Onloc—1] 1+nb H A

In the following, we will prove that the third term is larger than this gap, — egn[ﬁf 11) ﬁd In \;j;

Hence, if we only focus on the first term by ignoring the extensive margin, the gain from trade

. . k e . .
in our benchmark model, GT;’G”C"7 is less than GT;" ™. However, if including extensive, the

gain from trade in our benchmark model, GT}**", should be larger than GT;*" mkp

Proof: The third term could be rewritten as:

1 [ E) g (e () @ ( ’
0= L[5 S o B (9.6) 7 gi (@) f () dipde T
)

B 1 fo 9i (%’j (e )) ©r; (e) f(e)de ¥
= — . dln w3
o =15 [ [1 =Gy (95 ()] f (e) de
A
= TlBdln ©i;
- 1-0o -
where 8 = f% © [p ”gf’s)} — GZZ((i” E ))dgo is constant. Consider that Z ”I%f’s) > C”I(;; £ —

3=

<W—%> ) , we know that [ could satisfy
ij

1

) ) n 709 * 0+1 91 2
F < [pfj(a) [(@fj(f?)) ] (25 @) ¢ d‘Pfj(g)

00 7977*(0'*”71
- LGER)  Ee) e
o) \Pij (€) v (e))  On—(o—1)

The expression of Ny; = J; [° [1 — Gij (¢ (¢))] f (¢) de implies that:

1
dIngj; = —édln Nij

which implies that the impact of cutoff on welfare satisfies:

N fooo (ﬁ;)l_g gi (%02}' (5)) ©3j (¢) f(e)de i
Z)\” . f;o Dij (8075)1_0 gi( ) f(e) dgodedl 7ii

On —
- U_lﬁZ)\mdln<p”>— 0__1 Z)\Udhupw

bn—(c—1) 977—(0—1) 1
= AijdIn N;; = dln )\,
0770—1 Z g Onlo—1] 1+4nb H A

T o—1
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This implies that the impact on welfare associated with the change in cutoff should be larger

On—(oc—1) 1
than — gn[a 0 1+77edln)\

I.2 Fixed Quality Case without T;;

The representative consumer has preferences of:

o

Z / W) +7) 7 dw] = ij 5% (1.2)

1

where Pj, = {Zl Ji [ pij (©) 7 gi(p )dgo} . Totally differentiating the previous equation,

we have:

dinU; = dlhnw; —dlnPj,

[e.e]

1
i 14

ij

pij (9) 77 g () d90] )

where

o —

1 o0 Y
~dIn [Ji / i (©) 77 g: () dsol
Lp*

3

f i ()7 dlnpii (9) 6i () dyp
fw;jpm )7 i () dy

dln J;

p—
1 3) g (o) e
o =1 [ pi (0) " gi (@) dy

dIn p;;

where the first term is the effects of changes in the prices of existing varieties calculated in
ACDR; the second term is the effects of a change in potential firm entrants; the third term
is the impact on welfare associated with the change in cutoff. Same as ACDR, the effects
of changes in potential firm entrants, dInJ; = 0. However, the third term, the impact from
a change in cutoff, is not infinitesimal, which should be larger than the gap between GT;"‘

and GT;"” % “" ™k The welfare changes under variable markups but no Washington Apples

_o

. . noq _
mechanism are given by GT;; ——57 +0

AJ ; and the welfare change under the model without

no q, con mkp

both endogenous quality and variable markup is given by GT; T' Hence, their
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gap equals to

o b5 Y
c—114+6"%" 0

0—(c—1) 1
- - din )
Olo—1 1+6° %

In the following, we will prove that the third term is larger than this gap, ﬁ 1i9 dln A

Hence, if we only focus on the first term by ignoring the extensive margin, the gain frorn

trade under variable markups but no Washington Apples mechanism, GTj”O 7 is less than

GT % “"™P  However, if including extensive margin, the gain from trade under variable

T?w q, con mkp

markups but no Washington Apples mechanism, GT;* ¢, should be larger than GT;

Proof: The third term could be rewritten as:

1) g (o) e

= — dln g,
o—1 fﬁj pij (#)' 7 g () dg ’
1 4
= — lﬁdlngow

—o —1
Pij 9i(¥) pijp) o ciip) _ [ o
where g = fs@ [ ; : } — GU(%)dgp is constant. Consider that ; : > = = <§ij> , we

know that could satisfy

o0 —(6—(o—1))—1
<& &) e
o, Pij Pij 0—(c—1)

3

The expression of N;; = J; [1 — G (gpfj)} implies that:

1
——dlIn Nij

dlngofj =3

which implies that the impact of cutoff on welfare satisfies:

9 (¢3) ¢5

! )
D Aj — dln @7,
0_1; Jfgo;jpz‘j(@)l 9i () dyp ’
1 ¢ S Gl ) .
= _0—152i:>\ijdhl%j>_Tzi:)\ijdln¢ij
0—(oc—1)
= - dln \jj
o —1] 1+9 .

This implies that the impact on welfare associated with the change in cutoff should be larger

0—(c—1) 1
than — 7o 1] 1+edln)\
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J Supplementary Table: Welfare Comparison for All

Countries

country Bench mnoq con mkp no q, con mkp

AUS 4131 26.684 1.747 6.077
AUT 6.391 38.485  2.721 9.347
BEL  10.731 56.618  4.630 15.521
BRA 1.114 7910 0.467 1.651
CAN 5.925 36.196  2.519 8.676
CHE 7.154 42.082  3.053 10.444
CHN 1.636  11.425  0.686 2.421
DEU 3.934  25.566 1.662 5.789
DNK 5.955 36.348  2.532 8.720
ESP 3.703  24.242 1.564 0.453
FIN 3.805 24.827  1.607 5.601
FRA 3.478 22929 1.468 5.124
GBR  4.706 29.857  1.993 6.912
GRC 4.294  27.595 1.816 6.313
HKG  10.800 56.864  4.661 15.618
IDN 2.565 17.403 1.080 3.788
IND 1.037 7.384 0.435 1.537
IRL 7.951 45.638  3.401 11.583
ITA 2.273 15565  0.956 3.359
JPN 1.292  9.125 0.542 1.914
KOR 2314 15.820 0.973 3.418
MEX  4.513 28.805 1.910 6.632
MYS 6.530 39.154  2.781 9.547
NLD 2.977  36.453  2.541 8.750
NOR 5187 32.420  2.200 7.609
POL 3.453  22.779 1.457 2.087
PRT 4.643 29.514 1.966 6.820
RUS 2.445 16.650 1.029 3.612
SAU 4.688 29.763 1.986 6.887
SGP 13372 65.218  5.819 19.208
SWE  4.714  29.899 1.996 6.923
THA 4.962 31.231 2.103 7.283
TUR 2.436 16.595 1.025 3.599
TWN  5.045 31.672  2.139 7.404
USA 2.130 14.647  0.895 3.148
ZAF 2112 14533  0.888 3.122
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K Supplementary Figure

Figure 9: Sales and Markup Distribution
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Figure 11: Illustration: the Changes in Prices and Sales by Low- vs. High-productivity Firms after
Trade Cost Shock
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Explanatory notes on Figure 11:

The upper panel plots a low-productivity firm whose productivity is only 5% above the

cutoff productivity before the trade shock, i.e., (p—*% = 1.05. When trade cost increases by
cj
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5% (either from 7 or T), SD%}E) goes to 1. Then, this producer starts to become a marginal
cj

exporter. The left y-axis plots the change of log(price), and the right y-axis plots the change
of log(sales). Clearly, the variation in price changes is very small whereas the change in sales

is large. Next, we turn to a initially high-productivity firm with @%@ = 2.10 shown in the

cj
lower panel. When it is hit by 5% increase in trade cost, the changes in log(price) is similar
comparing with the low-productivity exporter in the upper panel, but the change in log(sales)

is much smaller for this high-productivity firm.
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