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change in imported input cost followed by a change in the exchange rate affects export
prices through two distinct channels: directly changing the marginal cost of export prod-
ucts(i.e., the marginal cost channel) and indirectly altering exporters’ incentive to upgrade

JEL classification: (or downgrade) the quality of products (i.e., the quality change channel). These two chan-
F1 nels generate opposite effects on the exchange rate elasticity of export prices. Our empir-
F3 ical analyses find strong evidence of the existence of the marginal cost and quality change
F4 channels. Overall, the marginal cost effect dominates the quality change effect. The marginal

cost channel is weaker for products with larger scope for quality differentiation and firms
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Exchange rate pass-through with a higher ability to upgrade quality, as predicted by the theoretical model.
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1. Introduction

How movements in exchange rates affect the prices of internationally traded goods has been an actively studied topic in
international economics. In the existing literature, extensive efforts have been made to estimate the exchange rate elasticity of
export prices, most of which are based on aggregate data, yielding widely varying results. Yet, the underlying mechanism of
exchange rate pass-through (henceforth ERPT) remains understudied. Based on disaggregated transaction-level data, a recent
line of work identifies certain firm-level characteristics as important factors affecting the exchange rate elasticity, including
exporters’ productivity (Berman et al., 2012; Li et al.,, 2015), export product quality (Auer et al., 2018; Chen and Juvenal,
2016), and so forth. These works provide helpful insights for understanding the ERPT mechanism.

In this paper, we study the potential impact of imports of intermediate inputs (henceforth inputs) on the exchange rate
elasticity of export prices, which has received little attention to in the existing literature. We show theoretically and empir-
ically that imported inputs’ share, quality, and export quality affect ERPT deeply. Our study is empirically motivated by the
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following data patterns in China’s General Administration of Customs data: (i) exporters who engage in input imports have
better export performance than those who do not, and; (ii) exports and input imports overlap substantially. Our study is
also motivated by a growing line of research that finds that exporters adjust their export product scope and upgrade export
quality in response to input trade liberalization (Goldberg et al., 2010; Feng et al., 2016; Fan et al., 2015; 2018), which also
echoes the data pattern (i) above.

As a first step, we construct a theoretical model to illustrate how input import activities affect export prices in response
to exchange rate movements. We take the economic model of Amiti et al. (2014) as our starting point and depart from
there by allowing for input and output qualities to be endogenously chosen by exporters. Another distinct feature in our
model is that exporters source inputs from multiple countries and can freely choose import sourcing countries in response
to exchange rate movements. Our theoretical model predicts that a firm’'s exchange rate elasticity of export prices depends
on the change in the marginal cost of export products (i.e., through the marginal cost channel) and the exporters’ ability to
upgrade (or downgrade) their input and out qualities (i.e., through the quality change channel). When product quality cannot
be chosen, or is treated as exogenous, the marginal cost channel plays a dominant role.

Guided by the theoretical model, we specify imported inputs share and product quality as the key explanatory variables,
and export prices as the explained variable, in our baseline regression for the empirical analyses. We find strong evidence
of the existence of the marginal cost and quality change channels. Particularly for exporters with a low degree of quality
change, the exchange rate elasticity of export prices increases noticeably, from 3 to 22%, when moving the imported inputs
share from the 5th percentile to the 95th percentile, indicating that the use of imported inputs has a substantial impact
through marginal cost on ERPT. In comparison, for exporters with a high degree of quality change, the exchange rate elasticity
of export prices decreases slightly, from 9% to 8%, when moving the imported inputs share by the same amount, which
indicates the existence of the quality change channel and that the impact of the use of imported inputs through the quality
change channel slightly surpasses that through the marginal cost channel for this particular type of exporters. Our empirical
study yields the following additional findings: (i) the marginal cost channel is weaker for products with larger scope for
quality differentiation or firms with a greater ability to upgrade quality, as expected by the theoretical model; and (ii)
exporters upgrade their input and product quality facing home currency appreciation; and (iii) overall, the marginal cost
channel dominates the quality change channel.

As RMB appreciation is an essential cause of competitive pressure on Chinese exports, we analyze the impacts of RMB
exchange rate movements on Chinese export quantity and value. Briefly, we find that export quantity and value decrease
by greater magnitudes for products with a low degree of quality upgrading compared with products with a high degree
of quality upgrading. With the observation of significant variation in quality upgrading and imported inputs share among
Chinese exporters, we show that these two channels are key in understanding the sensitivity of Chinese export prices to
RMB exchange rate movements and variations in ERPT across firms and products.!

Our study contributes to the recent line of work that links the exchange rate elasticity to firm-level characteristics
(Chatterjee et al., 2013; Amiti et al., 2014; Bernini and Tomasi, 2015; Li et al., 2015). Among these works, our study is most
closely related to Li et al. (2015). We use the same data set, the Chinese Customs Data, as Li et al. (2015). And one of our
main empirical findings, that RMB prices are insensitive to exchange rate movements, is consistent with theirs. Nevertheless,
our study differs from Li et al. (2015) in two major aspects: (i) Li et al. (2015) mainly focus on firm productivity, showing
its impact on ERPT, while we mainly focus on input imports and quality (of input and output), controlling for productivity
as a robustness check; and (ii) we make a major effort to explain our empirical findings, based on the proposed theoretical
model featuring endogenous quality choice. Therefore, our study complements Li et al. (2015).

Moreover, our study provides new insights into the underlying mechanism of ERPT. We extend the seminal work of
Amiti et al. (2014) by taking into account the quality choice of firms, and examine how it affects the ERPT. We build on
the theoretical framework of Amiti et al. (2014), and borrow the idea from Fan et al. (2018) to endogenize input and out-
put qualities as exporters’ choices when facing bilateral exchange rate movements.?2 We show theoretically that exchange
rate movements affect export prices through two offsetting channels - the marginal cost and quality change channels. This
main theoretical prediction, together with our empirical validation and quantification of both channels, nicely explains the
insensitivity of RMB prices to exchange rate movements. Overall, the impact through the marginal cost channel dominates
that through the quality change channel among Chinese exporters, but not by much in magnitude. We note that Bernini and
Tomasi (2015) adopt a framework similar to Amiti et al.’s (2014). Although allowing for heterogeneity in input qualities,
Bernini and Tomasi (2015) still treat qualities as exogenously given. They also assume 100% imported input share. Our study
differs from Bernini and Tomasi (2015) by treating both qualities and imported input share as endogenously chosen by
exporters.

By endogenizing quality choice, we show how firm-product heterogeneity in quality change maps into firm-product het-
erogeneity in the exchange rate elasticity of export prices. Our theoretical model and empirical result show that the quality
change channel is vital in understanding the exchange rate elasticity of export prices. We also show that quality change in

T Product-level evidence from China shows that ERPT into import prices is nearly complete. For example, Li et al. (2015) find that the average ERPT for
Chinese exporters is around 95%. But they remain silent on explanations for the low exchange rate elasticity of export prices. Berman et al. (2012) also find
very high ERPT using French firm-level data.

2 In their theoretical model, Fan et al. (2015) show that input tariff reduction induces exporters to upgrade their output quality. Following similar logic,
with nevertheless nontrivial modifications, we model quality changes as endogenous choices by exporters in response to exchange rate movements.
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exports generated by exchange rate movements is prevalent in our sample, especially in the differentiated goods sector. It
is worth noting that existing estimates of the exchange rate elasticity of export prices vary across countries. Our framework
is potentially applicable to (partially) explaining those varying estimates by considering the endogenous quality choice.?
However, admittedly, the empirical validity of such an explanation needs to be carefully examined.

The remaining parts of the paper are organized as follows. Section 2 introduces the data used in the paper and provides
some important data pattern on the link between a firm’s imported inputs and export prices and the adjustments of ex-
port prices, quality, and imported inputs during the sample period. Section 3 develops a model to interpret how a firm’s
export prices are affected by exchange rate movements by endogenizing the input imports and exports quality decision.
Section 3 also presents our empirical specification and baseline results, guided by the theoretical model. Section 4 provides
a series of robustness checks and further discusses the potential channels. Section 5 concludes.

2. Data description and patterns
2.1. Data description and variable construction

Our main data source is China’s General Administration of Customs. The trade data are compiled at the Harmonized
System (HS) 8-digit product level. They include information on each product’s quantity, value (in US dollars), type of trade
(i.e., processing or non-processing), and export destinations (or import sources). Our sample period spans from 2000 to
2011. The raw data on transactions are recorded at monthly frequency before 2007 and yearly frequency since 2007. We
collapse the data set at the yearly frequency level for the analysis. We use the concordance table from the United Nations
(UN) Statistics Division to unify the commodity classification system.* Specifically, we use the HS 1996 classification code for
defining products. We define products at the HS 6-digit level. And to be consistent with our theoretical analysis, we restrict
our data sample to manufacturing firms by deleting all observations of trade intermediaries.” To alleviate the impacts of
outliers, following Devereux et al. (2017) and Xu et al. (2019), we restrict the sample to price changes within the -300% to
+300% range. Around 46% of the observations remain in our sample. Our variable of interest, the unit price, is calculated
as export value divided by export quantity for each transaction.® As the export value is expressed in US dollars in Chinese
Customs, we convert the unit price to an RMB-denominated price for the empirical analyses.

The main macro-level data, including the exchange rate and Consumer Price Index (CPI), are from the International Mon-
etary Fund’s International Financial Statistics. Observations on other macro-level variables, such as real gross domestic prod-
uct (GDP) and real GDP per capita, are from the Penn World Table 8.0. The bilateral real exchange rate index of the RMB
(henceforth RER) over destination country c’s currency in year t is constructed as

RERy = M (1)

Pen ¢

where NR is the bilateral nominal exchange rate of the RMB over destination country c’s currency (in direct quote), Py
is country ¢’s CPI, and Py, is China’s CPI. We use year 2000 as the base period, thus RER. 2000 = 1. An increase in RER
denotes a real depreciation of the RMB against destination country ¢’s currency. Fig. 1 plots the RER indexes (defined above)
over five of China’s major trade partners - the United States, Japan, South Korea, Germany, and the United Kingdom - from
2000 to 2011.7 According to Fig. 1, the RMB has been appreciating in real terms against the currencies of all five partners
roughly since 2006, with substantially more appreciation against the euro, British pound, and South Korean won than against
the U.S. dollar and Japanese yen.®

2.2. Data patterns

To extract useful information from the data, it is helpful to construct the real effective exchange rate index of the RMB
(henceforth, REER) and proper export price indexes. The REER measures the strength of the RMB relative to an export-

3 For instance, based on Belgian data, Amiti et al. (2014) find the euro prices to be somewhat sensitive to exchange rate movements among Belgian
exporters, as opposed to the finding of price insensitivity among Chinese exporters. A possible explanation for the high (estimated) elasticity, according to
our theory, is that the marginal cost channel dominates the quality change channel by a large margin in this case.

4 The commodity classification system changes every five years. Before 2002, China’s Customs used HS 1996 to define products. From 2002 to 2006,
it used HS 2002, and from 2007 to 2011, HS 2007 to define products. The concordance table we use in this paper is from the UN Statistics Division:
https://unstats.un.org/unsd/cr/registry/regdnld.asp?Lg=1.

5 We follow the criteria in Tang and Zhang (2012b) for identifying the trade intermediaries. Specifically, we search for the keywords “waimao,” “maoyi,”
“waijing,” “jinchukou,” “jingmao,” “gongmao,” “kemao,” and so forth among Chinese firm names. If a firm’s name includes such keywords, we identify the
firm as a trade intermediary.

6 There were a few inconsistencies in the units of transactions for each firm-product-country pair. We deleted those observations to exclude their impacts
on the measure of the unit price.

7 In our data, excluding exports to Hong Kong, Macao, and Taiwan, five countries were China’s top trade partners: the United States (ranking first for
exports, third for imports), Japan (second for exports, first for imports), South Korea (third for exports, second for imports), Germany (fourth for exports,
fourth for imports), and the United Kingdom (sixth for exports, 22nd for imports).

8 Germany has adopted the use of the euro since 1999.
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RER_index

Fig. 1. RMB Bilateral Exchange Rate against Major Trade Partners. Note: RER_index denotes the bilateral real exchange rate between China and its trade
partners, constructed based on Equation (1). An increase in RER_index denotes a real depreciation of the RMB. We set the base period for all exchange rate
indexes as 2000 (index = 1 in 2000).

share-weighted basket of all other currencies. It is constructed as
REER: = [ [ RERs" (2)

ct

for a given year t, where w denotes the export share of China’s total exports to destination c in year t, and RER. is the
real exchange rate index of the RMB over and destination c in year t defined by Eq. (1).

For the export price indexes, we categorize products into homogeneous products and differentiated ones according to
Rauch (1999). Based on the Tornqvist index (Feenstra and Weinstein, 2017), we construct price indexes for the two categories
as

uv Wc,k.t uv W:,k.t
Tindex_homo; = [ <“”> . and Tindex_dif f, = [] <“”> , (3)

uv, uv,
c.keH k-1 c,keD k-1

respectively, where w , is the import share of product k in country c’s total imports, W, , is the simple average value of
the import share at times t and ¢t — 1,° uv,;, denotes the unit export price of China’s product k to its trade partner c, and
H and D are the sets of homogeneous products and differentiated ones, respectively. We use year 2000 as the base period
for both price indexes.

Fig. 2 plots the time series for the REER and the two export price indexes (for homogeneous and differentiated products,
respectively), from the BACI database and International Financial Statistics.'”

According to Fig. 2, the RMB has experienced a continuous and quick appreciation since 2006. The REER index increased
from 1.01 in 2005 to 0.39 in 2011 - an appreciation of 61.4%(=1— %). Both export price indexes increased, although
by different magnitudes. The export price index of homogeneous goods more than tripled during the sample period, while
that of differentiated goods increased by around 50%, which is noticeably less. In short, Fig. 2 indicates a trend of RMB
appreciation since 2006 and increasing export prices in RMB during the same period.

From a more micro perspective, we look into adjustments in export prices and export scale for given firm-product or
firm-product-destination pairs. We summarize our findings in Table 1, where we distinguish between importing exporters and
non-importing exporters according to whether they engaged in (intermediate) input imports in the same year.!" According to
panel A in Table 1, importing exporters exported at larger scales, in terms of total exports, number of export destinations,
and number of HS 6-digit exporting products, compared with non-importing exporters did. In panel B in Table 1, we report
changes in (log) export prices by incumbent exporters, that is, those exporting the same product to the same destination in
consecutive periods. According to panel B, among incumbent exporters, the export prices of importing exporters were higher
on average than those of non-importing exporters. Moreover, although the export prices of both groups increased over the
sample period, the price increment was larger for importing exporters. Table 1 exhibits the following fact:

Fact 1. Exporters who engage in input imports have better export performance than those who do not, in terms of larger
scale of exports and higher export prices.

9 Here we use the simple average share at times t and t — 1, to smooth the effects of outliers.

10 The BACI database is provided by CEPII, covering all bilateral trade data for more than 200 countries since 1995. The classification code using in this
data is HS 1996. Products are defined at the HS 6-digit level.

1T We define the intermediate input by the Broad Economic Categories (BEC) classification. We convert the BEC classification to HS 1996 product
classification using the World Integrated Trade Solution (WITS)'s concordance table: https://www.google.com/url?q= https://wits.worldbank.org/product_
concordance.html.
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Fig. 2. Homogeneous/Differentiated Product Export Price Index and RMB Real Effective Exchange Rate Index. Note: REER_index denotes the RMB real
effective exchange rate, defined by Equation (2). An increase in REER_index denotes a real depreciation of the RMB. Tindex_dif f and Tindex_homo denote
the export price indexes of differentiated goods and homogeneous goods, respectively, defined by Equation (3). The export price indexes are constructed
according to the Tornqvist index. Export price is converted to RMB-denominated price. Product differentiation is classified according to Rauch (1999). We
set the base period of all three indexes as 2000 (index=1 in 2000).

Table 1

Comparison between Importing Exporters and Non-Importing Exporters .
A. Export scale Importing exporters Non-importing exporters
Total exports (US dollars) 8,038,492 1,977,618
Export destinations (#) 10 7
HS 6-digit products exported (#) 35 27
B. Export price Importing exporters Non-importing exporters
Full sample 2001 2011 Aln(Exportprice) 2001 2011 Aln(Exportprice)
In(Exportprice sy ) 3.00 3.79 2.49% 2.47 3.26 1.51%
In(Exportpricefpc; ) 2.20 7.66 6.24% 1.25 3.89 6.05%
Homogeneous goods sample 2001 2011 Aln(Export price) 2001 2011 Aln(Export price)
In(Exportpricey, ) 3.10 3.89 2.49% 2.64 3.42 1.61%
In(Exportpriceype ) 2.37 8.72 7.27% 1.49 4.51 6.30%
Differentiated goods sample 2001 2011 Aln(Exportprice) 2001 2011 Aln(Export price)
In(Exportpricey, ) 3.02 4.09 5.92% 2.35 3.92 3.40%
In(Exportprice pc; ) 2.47 9.60 18.60% 1.19 6.80 10.02%

Note: The data sample is restricted to manufacturing firms by excluding trade intermediaries. The sample contains
only incumbent exporters with observations for consecutive periods in panel B. In(Exportprices,) is firm f's export
price of product p in year ¢ in log value. In(Exportprices,) is firm f’s export price of product p to destination ¢
in year t in log value. Aln(Exportprice) denotes change in export price, measured as the first-difference log value
of the export price. Products are defined at HS 6-digit level. Importing-exporter refers to an exporter that imports
intermediate inputs; otherwise, an exporter is tagged as a non-importing exporter. Total exports, number of export
destinations, export scope, export, export price, and price changes are reported in median values. Product differen-
tiation (homogeneous goods or differentiated goods) is classified according to Rauch (1999).

Next, we explore the use of imported inputs among incumbent exporters. Table 2 reveals the novel fact of the high over-
lapping pattern between export destination countries and import sourcing countries. We report the share of imported inputs
involving imported inputs from the same export destination in terms of export transaction frequency and value for 2001,
2011, and the sample period average. Column (3) in Table 2 shows that on average, around 56.7%(= 1 — 43.3%) of the export
transactions involved imported inputs, among which around 47.6%(=1 — %) of the export transactions involving input
imports from the same export destination. As shown in column (6), export transactions involving input imports from the
same export destination contributed more to export value than their share in total export transactions on average, at around

59.4%(=1—18.4% — 22.2%) of total exports. In sum, Table 2 exhibits the following fact:

Fact 2. Exports and input imports overlap substantially.
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Table 2
Intermediate input imports incidence in exports (%) .
(1) (2) 3) (4) (5) (6)
Fraction of export transactions  Fraction of export value
2001 2011 Average 2001 2011 Average
Imports =0 34.84 5045 4332 1546  23.83 1842
IMshare,; = 0 and Import;, >0  27.11 30.06 29.70 18.84 2560 22.23
0 < IMshares, <0.1 19.61 1044 13.91 36.39 3478  38.51
0.1 < IMsharef, < 0.2 3.32 1.42 2.22 5.05 2.44 3.97
0.2 < IMshare;; < 0.3 2.12 0.84 1.28 3.68 1.71 2.37
0.3 < IMshares, < 0.4 1.44 0.62 0.90 2.14 1.45 1.75
IMshareg, > 0.4 11.57 6.19 8.66 18.44 1019 12.74

Note: The data sample is restricted to manufacturing firms by excluding trade intermediaries and
only keeping incumbent exporters with observations for consecutive periods. Firms with Import; =
0 refer to those exporters without imported intermediate inputs in year t. Imported inputs share,
IMsharey, is firm f's share of imported inputs from the export destination c in the total imported
inputs cost of the exporter. The values in columns (1) to (3) denote the fraction of export transactions
(recorded at the firm-product-destination-year level) in terms of the number of observations number
for each corresponding bin of imported inputs share. The values in columns (4) to (6) denote the
fraction of export transaction in terms of export value for each corresponding bin of imported inputs
share.

Marginal Cost Channel

Decrease in Imported Decrease in Export
. Input Cost Price
Home Currency
Appreciation
Quality Upgrading of Increase in Export
* Imported Inputs + Quality and Export
Price
Quality Change Channel

Fig. 3. Marginal cost channel and quality change channel for the effect of changes in the exchange rate on export prices.

3. Baseline analyses
3.1. Theoretical model

To save space, we sketch a theoretical model to illustrate the interactive roles of the shares of imported inputs and export
product quality in determining firms’ exchange rate pass-through.’? To begin with, note that exchange rate movements
directly affect the cost of imported inputs, which in turn affects export prices in two offsetting channels: the marginal cost
and quality change channels.

Consider a case of home currency appreciation that directly reduces the cost of imported inputs. As illustrated by Fig. 3,
on the one hand, through the marginal cost channel, a decrease in the cost of imported inputs reduces the overall marginal
cost of producing the final product (to be exported), and, in turn, drives down the export prices, given that both inputs and
outputs qualities are fixed. On the other hand, through the quality change channel, a decrease in the cost of imported inputs
potentially encourages firms to pursue higher quality for their final products by upgrading to better inputs, since better
inputs are now more affordable now. This drives up the marginal cost of the final product. Since the quality change and
marginal cost channels drive export prices towards opposite directions, they generate offsetting effects on the exchange rate
elasticity of export prices. Our model also predicts the following contributing factors to export quality upgrading: a reduction
in the cost of imported inputs, an increase in import intensity, and quality upgrading of imported input, all of which can be
induced by home currency appreciation. We then discuss two different cases with and without allowing exporters to choose
optimal quality.

Under a set of regularity conditions (specified in the Appendix), we derive the following testable implications: When
there is a real appreciation of the home currency, exporters will lower the prices of exports when the marginal cost effect
dominates the quality change effect in products with a low degree of quality differentiation. Exporters would increase the
export prices when the quality change effect dominates the marginal cost effect in products with a high degree of quality
differentiation. These theoretical results are formally stated as Proposition A.1, with detailed proofs, in the Appendix.

We also consider the impacts of exchange rate movements on a firm’'s input quality. In this case, exchange rate move-
ments induce exporters to adjust input quality. In response to a real appreciation of the home currency, exporters would

12 A detailed and rigorous presentation of the model is provided in the Appendix.
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lower the quality for imported inputs when producing products with a low degree of quality differentiation. Exporters may
increase the quality for imported inputs only when producing products with a high degree of quality differentiation. These
results are formally stated as Corollary A.1 in the Appendix.

In summary, our theoretical model predicts that adjustments in export prices depend on the imported inputs ratio (i.e.,
marginal cost) and the degree of quality differentiation of the firm’s product (i.e., quality change). In addition, firms adjust
input price and quality in response to exchange rate movements. We now set up a baseline econometric model to examine
the empirical validity of the above-mentioned theoretical implications.

3.2. Input imports and ERPT: Empirical specification

In this section, we first formally introduce the baseline empirical specification. Then we report our empirical findings
on the average ERPT among Chinese exporters and its variation across exports with heterogeneous input imports. These
findings suggest the prevalence of the marginal cost channel. We test theoretical implications on the role of quality sorting
in the next section. To link input imports to ERPT in empirically, we consider the following baseline specification:

AlnExportpricesp = o + B1 AINRERc + B2 AINRER.: x IMshare
+ BsIMsharege +y "Wee + Vppe + Aet€fper (4)

with subscripts f, p, ¢, and t indicating exporter, product (at the HS 6-digit level), export destination, and year, respectively.
The dependent variable AlnExportprices, is the first-difference of the log export price, representing the export prices
movement.'IMshare fce and AINRER.; are the key explanatory variables. IMshare, is the share of exporter f’s inputs sourced
from destination c in its total imports, and is constructed as

Import e
Y qlmportsg,’

where Importy. is exporter fs input imports value from country c in year t. " AInRER is the first difference of the log RER
(previously defined by Eq. (1)), representing real exchange rate movements. W, is a vector of covariates that we include to
control destination country characteristics, such as the real GDP and real GDP per capita. vy, is the firm-product-destination
fixed effects, incorporating time-invariant factors that likely affect export pricing, such as the geometric and economic dis-
tances, culture, and consumer preferences. And A; is the time fixed effects, incorporating contributing factors that are com-
mon to all firm-country-product pairs, such as the price level and economic trend of the domestic country (i.e., China in the
current study). €p, is the idiosyncratic error.

An identification issue arises in Specification (4), due to heterogeneous impacts of input import activities on export
performance across firms, as documented in the recent literature (see, Feng et al. 2016 and Fan et al. 2018, among others).
That is, B, and B3 vary across firms. More importantly, the decision to engage in input imports is endogenous to firms.
Existing works, such as Fan et al. (2018) and Bastos et al. (2018), find that exporters are more likely to import higher quality
intermediate inputs or source intermediate inputs from high-income countries for export quality upgrading. If so, a firm’s
extent of input imports engagement, measured by the imported inputs share, is also endogenous, as firms with a high
share of imported inputs are more likely to charge higher export prices. Thus, our estimation equation contains random
coefficients that are correlated with the endogenous imported inputs share. Therefore, it is a correlated random coefficients
(CRC) model (Wooldridge, 2008).

Following Heckman and Vytlacil (1998), we handle the CRC model to identify average coefficients via a series of exoge-
nous variables Z; (to be specified soon). Specifically, we have

IMshareg; = E(IMshareg|Zy;) + €f, with E (€| Zs) = 0. (6)
Substituting Eq. (6) into Eq. (4) yields

AlnExportpricesy, = o 4+ B1 AINRER 4+ B2 AINRER. x E(IMshare e |Z ;)
+ ,33E(IMSharefct|cht) + V/Wct + Ufpc + )"t+ufpct’ (7)

IMshareg, = (5)

where the error term ugp; = (B2 AINRERc + B3)€ st +5fpcr-15 The estimation is based on a feasible version of Eq. (7), in
which E(IMshare|Zs.;) is replaced by a predicted value IMsharefct obtained via a type-2 Tobit model, or, equivalently, a
bivariate sample selection model (Cameron and Trivedi, 2005).!6 The type-2 Tobit specification is as follows:

3 AlnExportprice,, = InExport price,,. — INEXportpricepc(_1)-

4 Qur measure of import intensity is different from that of Amiti et al. (2014), who use firm-level imported inputs share (measured as the ratio of the
firm’s imported inputs overt total intermediate inputs). We would suffer a great loss of data if we replaced the current denominator with total intermediate
inputs, as this information is only available before 2008 in the merged data sets. And we find that the two imported input shares are highly correlated.
Therefore, we use the other measure in a robustness check.

15 The conditional homoscedasticity of covariance assumption for the term €&y, is needed to ensure that the estimates are unbiased.

16 Feenstra et al. (2014) and Yu (2015) adopt the same method to estimate average effects in CRC models.
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Table 3
Heckman two-step estimates of import selection .

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

Dep.var. IMshare IMdummy g IMshare s IMdummy
FITs -0.071+** -0.009%** -0.127+** -0.030%**
(-184.26) (-93.94) (-342.82) (-347.64)
Inimportcost %! -0.064*** -0.056***
(-15.14) (-13.33)
Importerage_1) -0.096*** -0.098***
(-510.83) (-519.98)
Inv. Mill’s Ratio 1.238*** 1.160***
(120.15) (116.43)
Fixed effects
Country Y Y Y Y
Year Y Y Y Y
Observations 3,191,538 9,691,834 3,191,708 9,690,941

Note: We use the two-step variance Heckman estimator to estimate the covari-
ance matrix. The t statistics are reported in parentheses. ***, **, and * indicate
significance at the 1%, 5%, and 10% level. IMshares denotes firm f’s value of
imported inputs from source country c in year t divided by the total imported
value of inputs by firm f in year t. IMdummy;. denotes whether firm f imports
inputs from source country c in year t. In the first two columns, we use the ini-
tial imported inputs share(IMshare . initia year = %) to construct input
tariffs (FITf). In columns (3) and (4), we use the average imported inputs share
(IMsharey) to construct input tariffs. We use the one-period lagged term for im-
porting cost of border compliance (Importcost!r, in log value) and importer’s
importing age in the regression. We include country and year fixed effects in the
regression. All regressions include the source country’s GDP (gross domestic prod-
uct) and GDP per capita controls.

(i) An intermediate input imports participation equation,

1 lf % ct > 0;

IMdummy ., = {0 if ijct Yy (8)
where V. is a vector of latent variables determining firm f’s use of imported inputs.

(if) An “outcome” equation, where Z; is a series of exogenous variables in the corresponding Heckman selection equa-
tion, including the firm-level input tariff, real GDP per capita, and real GDP in the importing country. Specifically,
China’s import tariff rate for product p at the HS 6-digit level (ty), is recorded by and available from the Wrold Trade
Organization (WTO).!” We construct the firm-country-level input tariff as FiTy, = Z’I;’:1 Wype * Tpr, @ Weighted aver-
age of the tp’s over HS-6 products, with the weight w,. being product p's imported inputs share in firm f’s total
input imports from country c. Following Topalova and Khandelwal (2011) and Yu (2015), to avoid potential endogene-
ity, we use imported inputs shares from the initial sample period, rather than the current period, for computing the
time-invariant weights (wfpc).]8 Hence, the weights are time-invariant.

The type-2 Tobit model above is estimated by the Heckman two-step procedure, which requires a vector of excluded
variables that affect the firm’s import decision but does not appear in the extent of imports. We include the importer’s
importing age and importing cost of border compliance in the selection equation as the excluded variables. Importer’s im-
porting age (Importeragey,) is defined as the current year minus the importer’s initial year of importing from a given source
country. We use it as a measure of the importer’s experience. Previous literature points out that export probability is higher
for more experienced firms (Amiti and Davis, 2012). The importing cost of border compliance (Importcostg"’d”) is measured
as the monetary cost of compliance with the economy’s customs regulations and with regulations relating to other inspec-
tions for exporter’s shipment to cross the border in the country c.!® The importing cost of border compliance is classified
as a fixed cost; thus, we believe it only affects the decision whether to import or not, and it does not affect the value of
imports.

In Table 3, we report the estimation results for the Heckman two-step selection model. According to columns (2) and
(4), from the first-step probit estimates, importers are less likely to import intermediate inputs with a higher firm country-
level input tariff. In addition, we find that a higher importing cost of border compliance would dampen the firm’s intention

17" China’s import tariff data are from the WTO webpage: http://tariffdata.wto.org/ReportersAndProducts.aspx.

18 Since a firm will lower its imported inputs share of the product with an increase in input tariff rates, using imported inputs shares from the current
period (for computing the wy,.'s) would introduce endogeneity and lead to an underestimation of the actual input tariff facing importers.

19 The data are from the World Bank’s Investment Climate Report, http://data.worldbank.org/indicator/IC.EXP.CSDC.CD?.
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Table 4
Imported intermediate inputs and exchange rate pass-through .

Dep.var. 1) (2) (3) (4) (5) (6)

AlInExport price pe Full Full Non-importing  Importing  Full Full

AINRER 0.081%** 0.075%** 0.039+** 0.114#** 0.076*** 0.020
(4.36) (5.59) (3.31) (5.90) (4.53) (0.66)

AInRERc; x Import s, 0.188*** 0.281%**

(4.48) (3.27)
Import 0.038 0.057**
(1.59) (2.34)

InGDPPC 0.013 0.006 0.029 0.106* 0.090 0.086
(0.65) (0.46) (1.26) (1.69) (1.44) (1.34)

InGDP: -0.008 -0.011 -0.021 -0.110* -0.095* -0.098*
(-0.47) (-1.01) (-1.03) (-1.96) (-1.68) (-1.73)

Fixed effects

Firm-product-country Y Y Y Y Y

Product-country Y

Year Y Y Y Y Y Y

Observations 8,796,313 8,796,313 5,101,911 3,694,402 3,551,533 3,551,533

R-squared 0.446 0.028 0.486 0.394 0.394 0.394

Note: Robust standard errors are corrected for clustering at the destination country level. The t statistics are re-
ported in parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% level. The data sample is restricted
to manufacturing firms by excluding trade intermediaries and only keeping incumbent exporters with observations
for consecutive periods. The sample for the regressions in columns (1), (2), (5), and (6) includes export transac-
tions with and without imports of intermediate input. We use export transactions without and with imports of
mputs from the same export destmatlon in columns (3) and (4). We use the predicted imported inputs share
(lMsharefa) and dummy (IMdummym) from Heckman selection estimates (from columns (1) and (2) in Table 3)
in columns (5) and (6).

to import intermediate inputs.’We obtain our fitted value of the firm’s imported inputs share from a sourcing country
(IMs?larefct) with controlling for the endogenous selection of imported inputs use in columns (1) and (3).

In Table 4, we report empirical results on the average ERPT and its variation across exports with heterogeneous input
imports engagements. These results suggest the prevalence of the marginal cost channel. According to column (1), at the
annual horizon, the average exchange rate elasticity of export prices is 0.08, which is equivalent to a 92%(= 1 — 0.08) ERPT
(into import prices). In column (2), we control for product-destination fixed effects and year fixed effects, in addition to
column (1)’s specification, and we obtain a similar estimate for ERPT. Our ERPT estimate (for China) is higher than the
estimates for some other countries. For instance, Amiti et al.’s (2014) ERPT estimate for Belgian exporters is around 80%. And
Berman et al.’s (2012) estimate for French exporters is around 87%. A possible explanation is centered around the offsetting
effects from the quality change channel: Chinese exporters might be more actively engaged in quality sorting and, hence,
experience stronger effects from the quality change channel. This would be because Chinese exporters are at an earlier stage
of quality upgrading, compared with exporters in high-income countries (such as Belgium and France) do. Nevertheless, the
empirical relevance of such an explanation needs to be carefully examined, which is beyond the scope of the current study.

In columns (3) and (4) in Table 4, we separately estimate the exchange rate elasticity of export prices for importing
exporters, and for non-importing exporters. The exchange rate elasticity of export prices for importing exporters is noticeably
higher than that for non-importing exporters. On average, following a 10% appreciation of the RMB real exchange rate, the
export prices among importing exporters decrease by 1.1%, while prices among non-importing exporters decrease by only 0.4%.
In column (5), we report estimation results based on regression Eq. (7), where the imported inputs share (estimated) and
its interaction with exchange rate movement are included. In column (6), we slightly modify the specification of Eq. (7)’s
specification as a robustness check, where the imported inputs share is replaced by the imported inputs dummy (defined
by Eq. (8)), IMdemmyfct, as an alternative measure of the use of imported inputs. The results in both columns (5) and (6)
show that the exchange rate elasticity of export prices increases with imported inputs use from the same export destination,
which is consistent with the findings in columns (3) and (4).2!

3.3. Quality change, input imports and ERPT

Our theoretical model predicts that compared with the marginal cost channel, the quality change channel has an opposite
impact on export prices. It is through the quality change channel that a real appreciation of the home currency affects

20 Further, the importing cost of border compliance cost and importer’s age have weak explanatory power for the importer’s use of imported inputs.
Further, when we include the importing cost of border compliance and importer’s age in the second-step Heckman estimate, we find that the joint contri-
bution of the two variables in explaining the variation in input imports value is less than 1%. Hence, we have validated the appropriateness of our choice
of excluded variables.

21 We also try an additional modified equation, where the lagged term for imported inputs share is used. We obtain very similar results, which we omit
to save space.
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Table 5
Product differentiation and exchange rate pass-through .

1) (2) 3) (4) (5) (6)

Dep.var. Rauch (1999) R&D intensity GM index

AlnExport price sy IMshare et IMdﬁmmy et IMshare et IMdlImmy et IMshare fet IMdlfmmy fet

AInRER ¢ 0.054+** 0.007 0.082%** 0.024 0.082%** 0.025
(3.79) (0.32) (5.42) (1.06) (7.04) (0.47)

AInRER; x Imﬁortm x Dif f,  -0.444* -0.551** -1.408* -1.723 -0.099 -0.148*
(-1.66) (-2.35) (-1.82) (-1.64) (-1.41) (-1.83)

AINRER; x Im[)ortm 0.808*** 0.852%** 0.214*** 0.331%** 0.227%** 0.348**
(2.93) (3.50) (3.12) (4.80) (4.36) (2.50)

Im[)ortm 0.048** 0.075* 0.045%** 0.056 0.045** 0.056**
(2.48) (1.78) (3.99) (1.35) (2.31) (2.55)

Fixed effects

Firm-product-country Y Y Y Y Y Y

Year Y Y Y Y Y Y

Observations 2,767,590 2,767,590 2,996,099 2,996,099 2,996,099 2,996,099

R-squared 0.388 0.387 0.392 0.392 0.392 0.392

Note: Robust standard errors are corrected for clustering at the destination country level. The t statistics are reported in
parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10% level. The data sample is restricted to manufacturing
firms by excluding trade intermediaries and only keeping incumbent exporters with observations for consecutive periods.
We use the imported inputs share (IMsflarefC[) predicted from Heckman selection (column (1) in Table 3) second-step esti-
mates in columns (1), (3) and (5). The input imports dummy we use in columns (2), (4) and (6) is the imported inputs use
dummy (IMdemmym) predicted from Heckman selection first-step estimates (column (2) in Table 3). Product differentia-
tion (homogeneous goods or differentiated goods) is classified according to Rauch (1999). The R&D intensity and GM index
were obtained from Kugler and Verhoogen (2012). All regressions include GDP and GDP per capita controls. GDP=gross
domestic product; GM=Gollop Monahan; R&D=Research and Development.

export prices positively (i.e., drives up the prices), rather than driving down the prices, as suggested by the marginal cost
channel, because exporters are more motivated to pursue quality upgrading when facing home currency appreciation. The
effect from the quality change channel is relatively strong for products with a large scope for quality differentiation, and for
exporters that are capable of making quality adjustments. In this section, we test the empirical validity of this prediction
to examine the existence of the quality change channel among Chinese exporters, and then we quantify the magnitudes of
both channels.

To test the theoretical prediction above, we utilize quality differentiation at two different levels - the product level
and firm-product-destination level. At the product level, we distinguish between homogeneous products and differentiated
products according to Rauch (1999) and Kugler and Verhoogen (2012). If the quality change channel exists, we expect that
the marginal cost channel’s impact on the exchange rate elasticity of export prices is weaker, because for differentiated
products the quality change channel has a stronger impact, it offsets a greater portion of the impact from the marginal cost
channel. As we will show, our empirical findings ascertain this case. At the firm-product-destination level, we take a closer
look to provide further evidence on the existence of the quality change channel by introducing a firm-product-country level
measure for the quality change measure in baseline Eq. (7).

We report and compare the ERPTs for products with different quality differentiation at the product level in Table 5. We
use Rauch’s (1999) classification to define two subgroups of products, homogeneous products (Dif f, = 0) and differentiated
products (Dif f, = 1). According to the estimation results in Table 5, columns (1) and (2) show that the marginal cost chan-
nel is much stronger in homogeneous goods than differentiated goods. We report the estimation results in column (1) with
imported inputs use measured as imported inputs share. In column (2), we measure the imported inputs use as a predicted
dummy. We interpret the results in column (2) quantitatively: the ERPT for importing exporters is 85 percentage points
lower than that for non-importing exporters for homogeneous products. For differentiated products, the ERPT for importing
exporters is only 30 percentage points(=0.85-0.55) lower than that for non-importing exporters. In columns (3) to (6), follow-
ing Kugler and Verhoogen (2012), we replace the product quality differentiation measure with research and development
(R&D) intensity and the Gollop-Monahan (GM) index and the estimations yield similar results.?2,23

Observing a notable variation in quality change across firms within the same product category shown in the data,
we introduce a firm-product-destination level measure for quality change to facilitate further analysis. The firm-product-

22 R&D intensity is defined as (r&d expenditure + advertisement cost)/sales. The GM index is constructed as: GM; = Pit Wik (i ‘S”“Zi’s'*“)”z,where i,
J, k and t denotes intermediate input, firm, industry and year, respectively. s; ;. denotes the cost share of firm j in industry k for intermediate input i at
time t. s;), denotes the average cost share of firms in industry k for intermediate input i at time t. w;,, is firm j’s market share in industry k at time t.
This measure is constructed according to Bernard et al. (2007). The raw data are at the International Standard of Industrial Classification second version’s
4-digit level. We use the concordance table from UN COMTRADE to match the data to the HS 1996 6-digit level.

2 Bernini and Tomasi (2015) try a similar specification using the initial value of export product quality instead of export product quality change in the
triple interaction. Different from their explanation, we propose the endogenous quality change generated by the exchange rate movements as the key
channel. We also included the quality and all its interactions in the regression for a robustness check and found that our baseline results remain robust.
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destination level measure, denoted by (prd. is defined as the first difference of log product quality:2*

dprtEAanprt (9)

where Qg is a quality measure a la Khandelwal et al. (2013) and Fan et al. (2015), for firm f's export product p to

destination c.2° Specifically, Qfpet Is constructed as the residual from ordinary least squares (OLS) estimation of the product
and destination-year fixed effects (denoted by ¢, and ¢, respectively) based on the following regression:

lnxfpct :Olnpfpct+(pp+(pct+8fpct (10)

where X, is product quantity, py,. is product price, and o represents the elasticity of substitution across different prod-
ucts.”6 That is, Qfpet = Efper = InXfper — o INPper — Pp — Per, With @p and @cr being the OLS estimators. The economic intu-
ition is to use the unit price and export quantity to infer product quality from the demand side. Given the same product
price, if a product’s export volume is higher than that of another product within the same product category, it is consid-
ered a higher quality product. In Table A.5, we see that larger exporters are associated with much higher total input import
growth rates.?’ B

Adding the quality change measure Q. and its interaction with the existing regressors to Eq. (7), we obtain the follow-
ing specification:

AlnExportpricepy, = o 4+ B1AINRER + B2 (AINRER. x E(IMshare | Zsc;))

+ B3(AINRER: x Qpper) + Ba(E(IMshare .| Zse) x Qpper)
+ Bs(AINRER x E(IMshare e |Ze) x Qfper) + BeE (IMshare et |Z et )

+ B7Qfpet + V' Wer + Upe + At + Upper (11)

Table 6 reports the estimation results based on Eq. (11). Based on Proposition A.1, we should expect a negative coefficient
on the triple interaction term (fs) in Eq. (11): for firms with a high ability to adjust the exported product’s quality, the
quality change channel will weaken the marginal cost channel of imported inputs. The estimation results in Table 6 provide
evidence to support our conjecture, with the coefficient on the triple interaction term being negative and significant.

We quantify the relative magnitudes of the marginal cost and quality change channels by comparing two particular types
of exporters, referred to as types LC and HC. LC exporters have a very low degree of quality change (at the 5th percentile),
and HC exporters have a very high degree of quality change (at the 95th percentile). Presumably, both two channels would
appear in HC exporters’ experience, while only the marginal cost channel would appear in LC exporters’ experience. Accord-
ing to column (1) in Table 6, when moving the imported inputs share from the 5th percentile to the 95th percentile, the
exchange rate elasticity of export prices for LC exporters increases noticeably, from 3% to 22%, indicating a substantial im-
pact from the marginal cost channel. In comparison, the exchange rate elasticity of export prices for HC exporters decreases
slightly, from 9% to 8%. The slight decrease in the elasticity for HC exporters, as a result of the collision between the two
offsetting channels, indicates that the quality change channel slightly dominates the marginal cost channel for this particular
type of exporters.

4. Robustness checks and further discussions
4.1. Exports and input imports activity engagement

We take an alternative approach to quantify the magnitudes of the two channels, namely, the marginal cost channel and
the quality change channel by exploiting heterogeneous ERPT between firms with different sourcing and export destinations
and those with identical (sourcing and export) destination. To explain the idea, consider the following thought experiment:

24 We also tried one-period lag value, moving average value, and mean value of the quality change in the robustness checks to alleviate endogeneity. Our
baseline conclusion did not change with different quality change measures.

2> These papers assume a constant elasticity of substitution utility function incorporating product quality. Under this assumption, the individual demand
function can be written as: Xy = q}’P’C} p };’“Pg"ya, where Xsp, Grpets Prpee ar€ €xport quantity, quality, and price, respectively. Py and Y, are country c's
price level and income level, respectively.

26 Like in Fan et al. (2015), we plug in Broda and Weinstein’s (2006) mean and median value estimates for o.

27 Table A.5 summarizes the time series of quality change at the firm-product-destination-level measure prn. To link quality change to imported input
use, we also summarize the time series of firm-level imported inputs use in the same table. In panel A, we report the summary statistics of the full sample.
Accordingly, the export qualities and imports of intermediate inputs grew rapidly in the sample, with annual growth rates of 2.6% and 0.2%, respectively.
To exclude the impacts of the global financial crisis, we recalculated the annual growth rates of export product quality and imported inputs with a sample
without observations during the global financial crisis. We find that the annual growth rates of the reduced sample were much higher than those of the
full sample. A possible explanation is a large decline in the production capacity of the imported inputs providers. We find consistent evidence from the
data on imports of intermediate inputs by Chinese exporters. During 2008-2009, there was a plummet in intermediate input imports by Chinese exporters,
with an accumulated percentage decline of over 20%. Panel B in Table A.5 offers information on annual growth rates for various subsamples. Products
exported to developed countries had higher growth rates in quality compared with products exported to developing countries did. Our summary statistics
are consistent with the findings in Hallak and Schott (2011) and Feenstra and Romalis (2014). Both studies confirm a positive relationship between import
quality and the importing country’s income level.
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Table 6
Imported intermediate inputs, quality change, and exchange rate pass-through .

Q) (2) (3) (4)

Dep.var. IMSTmrefa IMdemmyfd

AlnExport price pe Q}m jz"p[t Q}ptt %pct

AINRER 0.059** 0.077** -0.096*** -0.074
(16.94) (2.32) (-6.73) (-1.20)

AINRER x Imﬁortm x pra -0.033*** -0.075%** -0.088*** -0.095***
(-3.29) (-2.93) (-5.28) (-2.82)

AINRER x dfm 0.008*** 0.009 0.035*** 0.032
(5.69) (0.74) (4.96) (1.45)

AINRER x Imﬁortm 0.104** 0.077 0.508** 0.487+*
(11.73) (1.58) (13.50) (2.25)

ImpBrtm x prc[ 0.012** 0.015*** -0.000 0.005
(39.51) (3.50) (-0.17) (0.46)

Im[)ortm 0.005*** 0.005** -0.075%** -0.058***
(6.07) (2.04) (-20.83) (-6.24)

ﬁfpc[ 0.090*** 0.071** 0.096*** 0.075***
(29.63) (68.41) (26.53) (30.54)

Quantification: change in the effect of AInRER; (%), from 5th to 95th percentile of IMsﬂarem

5th of Qpye 33— 22  4-— 379

95th of Qype 86 — 79 115 — 95

Fixed effects

Product-country Y Y Y Y

Year Y Y Y Y

Observations 3,530,367 3,530,367 3,530,367 3,530,367

R-squared 0.342 0.408 0.343 0.406

Note: Robust standard errors are corrected for clustering at the destination country level. The t
statistics are reported in parentheses. ***, **, and * indicate significance at the 1%, 5% and 10%
level. The data sample is restricted to manufacturing firms by excluding trade intermediaries and
only keeping incumbent exporters with observations for consecutive periods. The imported inputs
share measure we use in columns (1) and (2) is the imported inputs share (IMsﬁarem) predicted
from Heckman selection (column (1) in Table 3) second-step estimates. We use the input imports
dummy (IMdlfmmyfa) predicted from Heckman selection first-step estimates (column (2) in Table 3)
in columns (3) and (4). We use the median and mean values of substitution elasticities among goods
from Broda and Weinstein (2006) to construct quality change measure 1 (Q}pd) and quality change
measure 2 (Nf ), respectively. All regressions include gross domestic product (GDP) and GDP per

. pet
capita controls.

Two firms, say, A and B, import the same amount of inputs, and export the same amount to the same destination country.
Yet, firm A imports from its export destination, while firm B imports from countries other than its export destination.
Heuristically, both channels would appear in firm A’s experience, while only the quality change channel would appear in
firm B’s experience. Therefore, comparing the ERPT of these two types of firms would provide additional insights on the
relative size of the two channels.

To implement this thought experiment, we divide the observations into four bins according to export value and imported
inputs use. The four bins are as follows:

Bin 1: If Exportsy > mediang(Exports,) and Imports > median(Importy);
Bin 2 : If Exports, > median;(Exports,) and Imports, < median;(Importy,); (12)
Bin 3: If Exports, < median;(Exports,) and Importy, > mediang(Importy,);
Bin 4 : If Exports, < medians(Exportf) and Imports, < median;(Importy,),

where Exporty is firm f’s export value to destination country ¢, Imports = 3" Imports is firm f’s total input imports value,
and mediang(-) represents the mathematical operator of taking median over all firms. Therefore, for firms within each bin,
although they import inputs from different countries, their total input imports (from all countries), as well as their exports
(to a given destination), are roughly comparable or at similar levels.

For each bin, we estimate regression Eq. (11) and report the results in Table 7. According to Table 7, our baseline findings
remain valid for all four bins of exporters. Based on these estimation results, we can predict the exchange rate elasticity
of export prices for two firms whose only noticeable difference is in their inputs sourcing countries (as described in the
thought experiment) for comparison. To illustrate, consider two hypothetical exporters within Bin 1, firms A and B, both with
the average level of quality change (0.02 for Bin 1) such that they export to the same destination c. Yet, firm A’s imported
inputs share is fixed at IMshare, . = 1 (firm A sources all its imported inputs from the export destination c), while firm B’s
share is fixed at IMshareg ;, = 0 (firm B sources all its imported inputs from countries other than c). As expected from our
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Table 7
Exports and input imports activity engagement .

Dep.var. (1) (2) 3) (4)

AlInExport price sy Bin 1 Bin 2 Bin 3 Bin 4

AInRER: 0.049*** 0.046 0.0471*** 0.037**
(10.49) (1.25) (3.98) (2.14)

AINRER x IMshare;e x Qppe  -0.031%* -0.197***  -0.031 -0.107**+
(-2.19) (-3.57) (-0.82) (-3.11)

AINRER x pra 0.010*** 0.043** 0.007 0.023***
(4.99) (2.42) (1.34) (3.54)

AINRER x IMsﬁarefCr 0.165%** 0.126* 0.117*** 0.148***
(12.24) (1.92) (3.68) (5.29)

IMshare e, x Qppet 0.019*** 0.009***  0.022***  0.014***
(40.10) (7.70) (15.09) (12.95)

IMshare -0.013**  0.002 0.003 0.011%**
(-10.60) (0.52) (1.12) (4.62)

Qfpr 0.092+** 0.087***  0.090***  0.084***
(17.69) (48.13) (181.32)  (151.80)

Fixed effects

Product-country Y Y Y Y

Year Y Y Y Y

Observations 2,098,221 467,513 640,153 324,480

R-squared 0.352 0.372 0.389 0.399

Note: Robust standard errors are corrected for clustering at the destination country
level. The t statistics are reported in parentheses. ***, **, and * indicate significance
at the 1%, 5%, and 10% level. The data sample is restricted to manufacturing firms by
excluding trade intermediaries and only keeping incumbent exporters with observa-
tions for consecutive periods. We classify observations into four bins according to the
exporter’s exports and use of imported inputs. For classification of exports and input
imports activity engagement, please see Eq. (12). We use the imported inputs share
(IMsﬁarem) predicted from Heckman selection (column (1) in Table 3) second-step
estimates in all columns. We use quality change measure 1 (Q}pa) in all columns. All
regressions include gross domestic product (GDP) and GDP per capita controls.

model, the exchange rate elasticity of export prices for firm A is higher than that for firm B, predicted at 0.210 and 0.049,
respectively.?8

In addition, we provide more robustness checks by using alternative measures and alternative samples, by taking cur-
rency area and vehicle currency into account, and by exploring exporter size and destination heterogeneity. All such checks
yield similar results, which are provided in the Appendix to save space.

4.2. Further analysis of the channels

We further decompose the export prices into export quality and net-quality export price. In columns (1) and (2) in
Table 8, we examine the impact of exchange rate movements on export quality. If exporters adjust export quality in response
to exchange rate movements, as predicted by our theoretical model, we expect exporters to upgrade their product quality
when facing a reduction in imported inputs costs as a result of domestic currency appreciation. Moreover, we expect the
impact to be magnified by increases in imported inputs share and degree of product quality differentiation. According to
columns (1) and (2), these results are indeed the case, as indicated by the coefficients. In columns (3) and (4), we examine
the impact of exchange rate movements on net-quality export price. In this way, we separate the quality change effect from
the marginal cost effect. Consequently, the impact of input imports on the exchange rate elasticity of net-quality export prices
is solely from the marginal cost channel. Following Fan et al. (2015), the net-quality export prices (Inprice adjustedy,.) are
defined as the log of export prices (InExportpricey,.) subtracting log of export quality (InQualitysp.,). As shown in columns
(3) and (4), the coefficients are consistent with our theoretical predictions of the marginal cost effect. Qualitatively similar
results are obtained when the estimations are restricted to the subsample of ordinary exports, which we report in the
Appendix.

The imported inputs share, input quality, and export quality, as endogenous choices by exporters, should be affected by
exchange rate movements. In Table 9, we empirically evaluate the impact of exchange rate movements on the imported
inputs share and input and export qualities. According to column (1), Chinese exporters tend to increase their imported
inputs share from a given country, say ¢, when the RMB appreciates against c’s currency. In column (2), we analyze the im-
pact of exchange rate movements on imported inputs quality, for which we use the unit price of inputs as a proxy, following
Fan et al. (2018). Q5; measures export quality at the firm level, and is constructed as the average value of Qg over products

28 We have 0.21 = 0.049 — 0.031 x 1 x 0.02 + 0.01 x 0.02 + 0.165 x 1 and 0.049 = 0.049 — 0.031 x 0 x 0.02 + 0.01 x 0.02 + 0.165 x 0.
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Table 8
Exchange rate movements on export quality and net-quality export prices .
(1) (2) (3) (4)
Dep. Var. AlnQuality ppe; Alnprice adjusted
Differentiated Homogeneous  Differentiated = Homogeneous
AInRER ¢ -0.149*** 0.899** 0.223%** 0.707**
(-6.08) (2.52) (8.27) (2.16)
AINRER x IMshare;, ~ -0.212++ -1.151 0.369%** 1.125
(-3.36) (-1.16) (5.29) (1.23)
IMsh?Jre[a 0.027*** 0.152* 0.035%** 0.149*
(5.10) (1.75) (5.81) (1.87)
Fixed effects
Product-country Y Y Y Y
Year Y Y Y Y
Observations 2,725,954 21,523 2,725,954 21,523
R-squared 0.036 0.181 0.038 0.178

Note: Robust standard errors are corrected for clustering at the destination country level. The t
statistics are reported in parentheses. ***, **, and * indicate significance at the 1%, 5%, and 10%
level. The data sample is restricted to manufacturing firms by excluding trade intermediaries. We
use the median values of substitution elasticities among goods from Broda and Weinstein (2006)
to construct the quality measure. Inprice adjustedy, is measured as log value of export price
(InExportprices,) less log value of export quality(InQuality,. ). We use the imported inputs
share (IMsﬁarefd) predicted from Heckman selection (column (1) in Table 3) second-step esti-
mates in all columns. Product quality differentiation (differentiated or homogeneous) is classified
according to Rauch (1999). All regressions include gross domestic product (GDP) and GDP per
capita controls.

Table 9
Exchange rate movements, imported intermediate inputs and quality change .

1) ) 3)

Dep.var. AlMshare AlnIMprice e AlnQuality e
AINRER -0.003*** 0.475*** 0.220***
(-2.76) (11.38) (8.85)
AINRER: x Qf, -0.008**
(-2.38)
Qe 0.015%**
(43.72)
AInRER: x AlnIMpricej, -0.195%**
(-3.55)
AlnIMpriceg, 0.091***
(14.87)
Fixed effects
Country Y
Product-country Y Y
Year Y Y Y
Observations 2,772,432 4,229,999 3,969,484
R-squared 0.001 0.011 0.044

Note: Robust standard errors are corrected for clustering at the destination coun-
try level. The t statistics are reported in parentheses. ***, **, and * indicate sig-
nificance at the 1%, 5%, and 10% level. The data sample is restricted to manu-
facturing firms by excluding trade intermediaries. We use the firm average qual-
ity change (df,) in column (2). We construct the imported inputs price change
(AlnIMprices,) as the firm f’s average value of change in log imported inputs
prices (AlnIMpricef,) in column (3). Regressions include the source country’s
gross domestic product (GDP) and GDP per capita controls in columns (1) and
(2). Regression includes the destination country’s GDP and GDP per capita con-
trols in column (3).

and destinations.?? As shown in column (2), the empirical result is consistent with Corollary A.1’s prediction that exporters

29 For a given imported input g, there is no specification information in the data on the variety of corresponding export products, that is, export products
whose production involves using input q. Therefore, it is only feasible to measure the change in the quality of input g as responding to a change in Qg,
i.e, export quality at the firm level. From an alternative view, Qs can be interpreted as a measure of the firm’s ability to differentiate export quality.
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Table 10
More discussion on channels .
Dep.var. 1) (2) 3) (4) (5) (6) (7) (8)
AlnExport price AIMshare?er AlnIM, price?f’e }’;’Z‘t‘r Product-year ~ HHI Industry-year  Quality Markup
AINRER¢ 0.0271*** 0.052*** 0.006 0.055*** 0.106** 0.022* 0.065*** 0.033***
(2.97) (8.92) (0.83) (15.52) (2.10) (1.94) (11.46) (6.71)
AINRER x IMsflarefc[ X dfpa -0.033*** -0.010 -0.037*** -0.032%** -0.048* -0.034** -0.076*** -0.143***
(-3.29) (-0.54) (-4.95) (-3.22) (-1.92) (-2.08) (-3.75) (-4.34)
AINRER x dfpct 0.008*** 0.002 0.265*** 0.006*** 0.008 0.008* 0.011** 0.010**
(5.64) (0.36) (5.45) (4.21) (0.43) (1.73) (2.37) (2.29)
AINRER x IMsiwrem 0.097+** 0.149*** 0.152*** 0.089*** 0.087* 0.110%** 0.080*** 0.097***
(11.02) (8.19) (5.79) (9.80) (1.70) (8.31) (5.70) (3.58)
IMsharee; x Qfper 0.012%** 0.017*** -0.004 0.012%** 0.009 0.012+** 0.004*** 0.014***
(39.51) (14.05) (-1.28) (39.48) (0.84) (13.22) (16.12) (15.23)
lMsh?lrefct 0.005*** -0.003 0.300*** 0.004*** 0.006** 0.005*** 0.001 0.015%**
(6.05) (-1.51) (26.35) (5.54) (2.09) (3.42) (0.54) (5.54)
prct 0.090*** 0.094*** 0.008*** 0.090*** 0.064*** 0.094*** 0.040*** 0.083***
(91.70) (68.02) (4.44) (35.75) (22.82) (22.96) (11.76) (18.47)
AlMsharefEf 0.245%+*
(13.08)
AlnlMprice’}fR 0.022+**
(18.04)
Fixed effects
Product-country Y Y Y Y Y Y Y Y
Product-year Y
Firm-year Y
Year Y Y Y Y Y Y
Observations 3,530,367 2,795,791 3,026,068 3,506,696 2,651,962 3,530,367 3,530,367 3,378,144
R-squared 0.342 0.347 0.034 0.349 0.281 0.342 0.343 0.437

Note: Robust standard errors are corrected for clustering at the destination country level. The t statistics are reported in parentheses. ***, **, and * indicate
significance at thg 1%, 5%, and 10% level. The data sample is restricted to manufacturing firms by excluding trade intermediaries. We use the imported
inputs share (IMsharey) predicted from Heckman selection (column (1) in Table 3) second-step estimates in all columns except column (1). We use the
predicted imported inputs share (AIMshare’}f[R) from column (1) in Table 9 for the regression in column (1). We use quality change measure 1 (Q}m) in all
columns except column (3). We use the predicted quality change measure (7’;}’;“) from column (3) in Table 9 for regression in column (3). We construct the

imported inputs price change (AlnIMprice®tR) as the predicted value of firm f's average value of change in log imported inputs prices (AlnIMprice';gg, from

column (2) in Table 9). For column (5), we include HHI's interaction with the exchange rate movement and the triple interaction term for HHI, exchange
rate movement, and imported inputs share. For column (6), we include sector dummies times exchange rate and the triple interaction term for sector
dummy, exchange rate movement, and imported inputs share. For column (7), we include the quality and all its interaction terms with the exchange rate
movement and imported inputs share (including the triple interaction term). To save space, we do not report the coefficients of these terms. All regressions
include GDP and GDP per capita controls. GDP= gross domestic product; HHI=Herfindahl index.

with a high ability to differentiate quality tend to increase input quality when facing home currency appreciation.>? In col-
umn (3), we examine the impact of imported input quality change on the exchange rate elasticity of export quality. Again,
we use the imported input’s unit price (IMprices,) as the proxy for imported inputs quality. AlnIMpricey, is constructed
as the average value of AIMpricef,; over all imported inputs.?’ As shown in column (3), the coefficient on the interaction
term suggesting that, in response to an appreciation of the home currency, exporters who upgrade imported input quality
are usually associated with export quality upgrading. Together with our finding from column (2), this further suggests that
exporters adjust imported input quality as a common way to adjust exported product quality when facing exchange rate
movements, which is expected from our model.

In the first two columns in Table 10, we extend our baseline empirical analysis (based on Eq. (11)) to allow explicitly for
the imported inputs share and quality to be affected by exchange rate movements. In column (1), we include an additional
explanatory variable, denoted by AIMshare’}ftR, which is the predicted change in the imported inputs share based on the

regression in column (1) in Table 9. AIMshare?ftR

induced by exchange rate movements. Consequently, the coefficient on AIMshare’}f[R measures the impact of exchange rate
movements (on export prices) through affecting the imported inputs share. According to column (1), our baseline results are
robust to the inclusion of AIMshare’}ff. We also find that the coefficient on AIMshare’}ftR is positive and significant, suggest-
ing that exchange rate movements influence the export prices through affecting the imported inputs share. Nevertheless,
quantitatively, the adjustment in imported inputs share induced by exchange rate movements has little explanatory power

can be interpreted as the (estimated) adjustment of imported inputs share

30 The results in columns (1) and (2) are qualitatively similar when we restrict the sample to ordinary imports and rerun the regression, as shown in
columns (1) and (2) in the Appendix.

31 Since for a given export product p, there is no specific information in the data on the amount or variety of the use of inputs for producing the product
p, we measure output p’s quality change as responding to imported input quality change at the firm level, denoted by AlnIMpricey;.

484



Y. Wang and M. Yu Journal of Economic Behavior and Organization 187 (2021) 470-487

on the variation in the exchange rate elasticity of export prices.>? In column (2), we add a new explanatory variable to the
baseline Eq. (11), denoted by AlnlMprice’}fR. AlnIMpricefER is constructed as the predicted AlnIMpricey, (averaging over
products and countries) based on the regression in column (2) in Table 9, as a proxy for the (estimated) adjustment of im-
ported input quality induced by exchange rate movements. Compared with the baseline results (in column (1) in Table 6),
for the interaction term between export quality change and exchange rate movement and the triple interaction term, their
coefficients become insignificant and much smaller (in absolute value) in column (2) in Table 10. These changes in the cor-
responding coefficients suggest that the input quality adjustment is a primary sub-channel through which the quality change
channel operates to affect export prices.

In column (3) in Table 10, we replace the export quality change @fpct by the (estimated) export quality change due to
imported input quality change, denoted by (5}';’;:". ~}';‘Z‘t“ is constructed as the predicted @fpct based on the regression in
column (3) in Table 9. According to column (3), our baseline results are robust to the alternative specification on export
quality change, which are consistent with our findings in column (2) in Table 10. In the baseline regression, we include
the product-destination country fixed effects to account for all product-destination characteristics that are time-invariant
and potentially affect the product quality change and export prices. In column (4) in Table 10, we include in addition the
product-year fixed effects to capture the impacts of time-varying product characteristics that are homogeneous across firm-
destinations, such as the product-level technology frontier. According to column (4), our baseline results still hold after
including the additional fixed effects.

4.3. Alternative explanations

In this section, we consider three alternative explanations, which might help to understand the variation in ERPT across
firms and products.

(i) Market competition. According to the model of Berman et al.’s (2012) model, the ERPT depends on the elasticity of
substitution between goods, which is closely related to the degree of competition in the sector. Our analysis focuses on
estimating the effect of changes in quality on ERPT. Hence, our estimates might be biased if high-competition industries
were systematically associated with a low degree of quality upgrading. To ensure that this does not drive our results, we
provide two robustness checks in Table 10, columns (5) and (6). In column (5), we control the industry competition effect
by including the Herfindahl index (HHI)(Fan et al., 2015). We construct the HHI (HHI:) as the sum of the squared terms
of all firms’ market shares within a market at the sector (HS 4-digit)-destination level. In column (6), we include industry
dummies interacted with the exchange rate. The results are robust after controlling the market competition effects.

(ii) Quality differentiation in imported inputs. Bernini and Tomasi (2015) shows that the marginal cost channel has a weak
negative impact on the ERPT for high-quality exported varieties, due to the high exchange rate elasticity of the prices of
high-quality imported inputs. To exclude the impacts of quality differentiation in imported inputs, we control the export
product quality and all its interaction terms with exchange rate movements and imported inputs share in Table 10, column
(7). We find that our baseline results still hold.

(iii) Markup channel. The exchange rate elasticity of a firm’s markup is correlated with adjustments in export price and
quality in response to exchange rate movements. To control the possible impacts of change in markups, we include the firm-
level markup by adding firm-year fixed effects to our empirical specification in Table 10, column (8). Further, by including
firm-year fixed effects, we also control the impacts of a firm’s engaging exporting and/or importing inputs. The results
indicate that our baseline results remain qualitatively unchanged after we include firm-year fixed effects.

4.4. Export value and quantity

In Table A.6, we report the exchange rate elasticities of export quantity and value. From the theoretical analysis (demon-
strated in the Appendix), we expect that this impact would vary with different firm-product quality changes. Based on the
estimates in columns (1) and (2), we find that, on average, the elasticities of export quantity and export value to RMB ex-
change rate movements are 0.18 and 0.25, respectively. The estimates are consistent with the literature (Tang and Zhang,
2012a; Li et al., 2015). Further, we find great variation in exchange rate elasticities across firm-products with different qual-
ity change levels. When the RMB appreciates by 10%, export quantity and value for products with a high degree of quality
upgrading (at the 95th percentile of the quality change distribution) decrease by 0.6% and 1.3%, respectively, for exporters
with average imported inputs share. We find that products with a low degree of quality upgrading (at the 5th percentile
of the quality change distribution) decrease by greater magnitudes, 3.0% for export quantity and 3.6% for export value. In
columns (3) and (4), we include firm-year fixed effects to control for unobserved time-varying firm characteristics and find
that our estimates are robust.

32 As shown in column (1) in Table 9, on average, the impact of exchange rate movements on imported inputs share is quantitatively small although
significant. A 10% appreciation of the RMB against a destination country only increases the imported inputs share by around 0.03 percentage points. In
other words, the imported inputs share is quantitatively insensitive to exchange rate movements. Combining the first columns in Tables 9 and 10, we have
that a 10% home currency appreciation, on average, will induce export prices to rise by 0.007%(= 0.03 % 0.245%), which is quite small compared with the
average exchange rate elasticity of export prices (around 0.07).
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5. Conclusion

We show theoretically that exchange rate movements can affect export prices through two offsetting channels - the
marginal cost and quality change channels, both of which are related to imports of intermediate inputs. Based on Chinese
Customs transaction data from 2000 to 2011, we find strong empirical evidence for the existence of both channels. We have
two main empirical findings are as follows: (i) There is a marginal cost channel. The exchange rate elasticity of export prices
is higher for exporters with higher shares of imported inputs. We also confirm the existence of the marginal cost channel
by analyzing quality-adjusted prices. (ii) There is also a quality change channel. Overall, the marginal cost channel dominates
the quality change channel. The offsetting impacts of the two channels, as we show theoretically and empirically, explain the
variation in the exchange rate elasticity of export prices across firms and products, which is low on average among Chinese
exports.
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