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A B S T R A C T
This paper presents an analysis of the effect of China’s entry into the WTO on the quality choices of Chinese
exporters in terms of their outputs and their inputs. Using highly disaggregated ﬁrm-level data, we show
that the quality upgrading made possible by China’s tariff reductions was concentrated in the least productive Chinese exporters. These ﬁrms, which had been laggards in terms of quality prior to the tariff reduction,
were the most aggressive in increasing the quality of their exports and their inputs and in redirecting their
exports toward high income markets where demand for high quality goods is strong. Our empirical results
are consistent with a simple model featuring scale effect and non-Hicks’ neutral productivity that disproportionately affects the eﬃciency with which ﬁrms use intermediate inputs. This latter feature does not appear
in workhorse models of ﬁrm heterogeneity and endogenous quality choice which provide a distorted view
of the impact of trade liberalization on quality upgrading.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
Firms from developing countries historically have failed to break
into developed country markets. Much of their diﬃculties stem from
an inability to produce at suﬃciently low cost the high quality goods
that these markets demand. One of the reasons proposed for the
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competitive disadvantage of developing country ﬁrms is that government efforts to protect domestic intermediate input producers
artiﬁcially raise the cost of the high quality intermediate inputs
necessary to produce high quality goods.
This paper presents an analysis of the effect of China’s entry into
the WTO on the quality of Chinese exports. We use highly disaggregated ﬁrm-product-level data and the shock of China’s entry into the
WTO to trace through in detail the mechanisms through which trade
liberalization contributes to quality upgrading by Chinese ﬁrms. We
ﬁnd that the chief beneﬁciaries of liberalized intermediate input tariffs are not the initially most productive ﬁrms but are instead the less
productive ﬁrms that are operating in industries in which the scope
for quality variation is the most pronounced. It is these lower productivity ﬁrms that are most likely to upgrade the quality of their exports,
increase the quality of their imported intermediates, and upgrade
their workforces. In so doing, these ﬁrms are better able to break into
markets with high demand for product quality and reduce the gap in
their quality performance relative to initially more productive ﬁrms.
China’s entry into the WTO in 2001 provides an excellent opportunity to identify the causal effect of trade liberalization on quality
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upgrading. First, the tariff reductions imposed on China, viewed
as unilateral trade liberalization, were largely outside of China’s
control.2 Second, China’s imports are mostly dominated by intermediate inputs with tiny share of ﬁnal consumption goods, and so the
impact of import tariff reductions is largely operating on imported
intermediate inputs.3 Third, the effect of tariff reductions on the cost
of Chinese production is highly heterogeneous across industries and
across ﬁrms within industries. We carefully calculate total factor productivity of Chinese ﬁrms just prior to the trade liberalization and
provide the following stylized facts: low TFP exporters were most
likely (i) to increase their export prices to foreign destinations, and
(ii) to increase the wages they pay their workers and the prices they
pay for their inputs. Importantly, these outcomes were only present
in those industries in which quality heterogeneity across products is
high. Moreover, the evidence at the extensive margin shows that low
TFP exporters were most likely to expand into high income country
markets where demand for high quality goods is strong.
We develop a simple model of output and input quality choice
to ﬂesh out the mechanisms at work. In the model, ﬁrms differ
in their productivity and maximize proﬁts by choosing the quality
of their output and inputs. As in many models of innovation, our
model features scale effects whereby a larger market share induces
more quality innovation and more productive ﬁrms charge higher
export prices. Additionally, higher quality output requires higher
quality (and more expensive) inputs. As a result, more productive
ﬁrms pay higher prices for their inputs and sell at higher prices for
their outputs. This mechanism induces ﬁrms to upgrade their quality in response to a reduction in import tariffs since productivity and
low cost inputs are in a sense substitutable. More importantly, ﬁrm
productivity is not Hicks’ neutral and disproportionately affects the
eﬃciency with which ﬁrms use intermediate inputs. As initially more
productive ﬁrms are less affected by cost of inputs, the return to
quality upgrading for high productivity ﬁrms is less sensitive to tariffs on imported inputs. Consequently, our model makes it possible
to explain why more productive ﬁrms produce higher quality output
using higher quality inputs, but gain less from tariff reductions than
less productive ﬁrms.
We use the ﬁrst-order conditions of our model to devise an
econometric strategy to estimate the size of mechanism at work in
our model. The model’s predictions prove to be robust to a wide
range of econometric speciﬁcations, to alternate methods of calculating tariff reductions enjoyed at the ﬁrm level or industry level,
and to alternative measures of initial ﬁrm productivity. More importantly, we provide support to the interpretation of the data as quality
upgrading through input prices of both labor input and imported

2
As a condition for WTO accession, the reduction in import tariffs by China is largely
viewed as the unilateral trade liberalization, because the WTO accession does not
require corresponding changes in its trading partners’ import barriers (Ju et al., 2012).
It is also well known that its major trading partners had already granted MFN treatment to China long before China joined the WTO (Fan et al., 2015b). The summary
statistics of the export tariff reductions also supports the fact of unilateral liberalization: between the sample period of 2001 and 2006, the export tariff reductions
imposed on China’s exports by trading partners are around 1%. In contrast, the average
import tariff reductions by China are around 6% during the same period.
3
Based on product classiﬁcation by BEC (Broad Economic Categories), intermediate goods and capital goods account for 74% and 19%, and ﬁnal consumption goods
account for only 4%, of total import values for China during 2000–2006. A fourth
“uncertain” category accounts for approximately 3%. If we view capital goods also as
“intermediates”, then intermediates account for 93% of total imports in China. In contrast, the share of intermediate goods in total imports for US is approximately 47%
during the same period. To show the comparison of import composition between
China and other developed countries, we present the share of the four categories of
goods, namely, capital goods, consumption goods, intermediate goods, and uncertain
goods, in total imports for China, US, EU, and Japan in Fig. A.1 in the online appendix
(see Appendix D).
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intermediate inputs as well as through the share of imported inputs
in total intermediate inputs. In addition, we present evidence at
the extensive margin that the change in export price and destination markets’ income is more pronounced for less productive ﬁrms
who aggressively respond to input tariff reductions by shifting their
exports from countries with relatively weak demand for high-quality
goods to countries with strong demand for high-quality goods.
Our paper is linked to a large literature on ﬁrm heterogeneity in
performance. We show how ﬁrm heterogeneity in productivity maps
into ﬁrm heterogeneity in quality and how shocks to the economic
environment caused by trade liberalization alters this mapping. Our
theoretical model shows and our empirical estimates conﬁrm that the
role of productivity is not as simple as the standard heterogeneousﬁrm models that have followed from the canonical Melitz (2003)
framework. In particular, our results show that ﬁrms demonstrating high productivity in highly protected developing countries are
relatively well adapted for an environment in which high quality
intermediates are expensive to procure. In this way, our results
provide nuance to the results of Halpern et al. (2015) who show
asymmetric effects across Hungarian ﬁrms’ measured productivities following a trade liberalization. Improved access to intermediate
inputs favors relatively low productivity exporters who were less
eﬃcient in handling intermediate inputs before trade.4
Our paper also contributes to a growing literature on the impact
of greater access to imported intermediate inputs on ﬁrm-level
performance, especially on export quality.5 Highly related, recent
examples include Fan et al. (2015b) and Bas and Strauss-Kahn (2015).
Fan et al. (2015b) focus on cross industry heterogeneity. They show
that export price increases were present only in those industries in
which quality variation was initially high and that ﬁrms tended to
migrate toward markets and toward products in which quality heterogeneity is most important. Our current paper digs deeper into
cross-ﬁrm heterogeneity within industries. We show that, both theoretically and empirically, the chief beneﬁciaries of the tariff reduction
with respect to trade liberalization is not the most productive ﬁrms
who were initially producing relatively high quality goods from high
quality inputs but was rather the least productive of the set of
exporters. Indeed, the most productive ﬁrms may respond little to
tariff cuts on their imported intermediates and to the extent that
they did, they simply passed cost savings on to consumers. Bas and
Strauss-Kahn (2015) explore the link between tariff cuts that hit
Chinese exporters asymmetrically and the prices paid by ﬁrms for
their imported inputs and received for their exports. This paper also
differs from Fan et al. (2015b) and Bas and Strauss-Kahn (2015) by
examining extensive margin effect that ﬁrms set different prices for
their outputs in different markets and how the extensive margin
relates to a ﬁrm’s initial productivity under trade liberalization.
Much of the literature on the effect of trade liberalization on quality
(e.g. Verhoogen, 2008) relies on variation in access to foreign markets following a fall in foreign tariffs or a real exchange rate shock.
The interpretation given in these papers tends to be one of scale
effects: more productive ﬁrms enjoy large sales which tilts innovation decisions toward higher variable proﬁts at the expense of higher
ﬁxed costs. Our paper shows this mechanism alone is insuﬃcient to

4
Feng et al. (2016) provide evidence that private Chinese ﬁrms derived a greater
beneﬁt from imported foreign intermediates relative to foreign invested ﬁrms, which
is consistent with the interpretation given by Halpern et al. (2015).
5
For instance, Amiti and Konings (2007) and Kasahara and Rodrigue (2008) for
the impact on productivity. Antràs et al. (2017) estimate a model in which proﬁts are
supermodular in productivity and imports. Goldberg et al. (2010) show that access
to greater intermediate inputs induced Indian ﬁrms to expand their product scope.
Manova and Zhang (2012a) focuses on cross sectional data in trying to infer the
relationship between export quality and productivity. We take the further step to
look at the effect of trade liberalization on the relationship between input/output
quality and productivity.

30

H. Fan et al. / Journal of International Economics 110 (2018) 28–49

understanding the heterogeneous quality upgrading that is actually
observed: the impact on scale effects for the most productive ﬁrms
needs to be moderated by some form of decreasing variable returns.6
The remainder of this paper is organized in ﬁve sections. In
Section 2, we describe the data and generate a series of stylized facts
on the link between ﬁrms’ initial productivity, export and import
prices, and the subsequent adjustment of export and input prices following the trade liberalization. In Section 3, we introduce a model
that shows how input and output quality and ﬁrm initial eﬃciency
map into a ﬁrm’s choice of export and input prices and how this mapping is altered by falling input tariffs. In Section 4, we specify a simple
econometric model and describe the construction of the data and
measures used to estimate the model. Section 5 provides the main
results and robustness exercises concerning the link between a ﬁrm’s
initial productivity, the size of the tariff reduction experienced, and
the resulting impact on export prices, input prices (such as imported
input prices and wage payment) and export destinations. The ﬁnal
section concludes.
2. Data and stylized facts
2.1. Data
To capture ﬁrms’ productivity and import/export prices, we
merged two databases: (1) the ﬁrm-product-level trade data from
Chinese customs, and (2) the ﬁrm-level production data, collected
and maintained by the National Bureau of Statistics of China (NBSC).
Our sample period is between 2001 and 2006.7
The transaction-level trade data, provided by China’s General
Administration of Customs covers the universe of all Chinese exports
and imports in 2001–2006 at the HS 8-digit level. For each trade
transaction, it records detailed information including import and
export values, quantities, products, source or destination countries,
contact information of the ﬁrm (e.g., company name, telephone, zip
code, contact person), type of enterprises (e.g. state owned, domestic private, foreign invested, and joint ventures), and customs regime
(e.g. “Processing and Assembling” and “Processing with Imported
Materials”). As ﬁrms under processing trade regime are not subject
to import tariffs, we focus on ﬁrms under ordinary trade regime.
Then we aggregate transaction-level data to ﬁrm-HS6 product-level
or ﬁrm-HS6-country trade data.8 For each HS 6-digit product, we
use export/import values and quantities to compute unit value
export/import prices by each ﬁrm.9 Our empirical analysis for product/variety therefore refers to either HS6 product category or HS6country combination.
To characterize ﬁrms’ attributes such as TFP and capital intensity,
we also use the NBSC ﬁrm-level production data from the annual surveys of Chinese manufacturing ﬁrms, covering all state-owned enterprises (SOEs), and non-state-owned enterprises with annual sales
of at least 5 million Renminbi (RMB). The NBSC database contains

6
Our framework shares much in common with Feenstra and Romalis (2014) who
focus primarily on aggregate provision of quality across markets, but do not explore
the differential impacts of quality across ﬁrms and the heterogeneous response within
industry.
7
We do not include the year 2000 because the WTO tariff data at HS 8-digit level
are not available.
8
China changed HS-8 codes in 2002, and the concordance between the old and
new HS-8 codes (before and after 2002) is not available. To ensure the consistency
of the product categorization over time (2001–2006), we choose to adopt HS-6 codes
maintained by the World Customs Organization (WCO) and use the conversion table
from the UN Comtrade to convert the HS 2002 codes into the HS 1996 codes.
9
We use two measures to compute unit value export/import prices: (1) the
export/import prices of each HS 6-digit goods by each ﬁrm, and (2) the export/import
prices of the HS 6-digit goods shipped to/from different countries by each ﬁrm, i.e.,
we view the same HS 6-digit goods exported to/imported from different countries as
“different” varieties.

ﬁrm-level production and accounting information of manufacturing
enterprises in China, such as employment, capital stock, gross output,
value added, and ﬁrm identiﬁcation (e.g., company name, telephone
number, zip code, contact person). Due to some mis-reporting, we
follow Cai and Liu (2009) and use General Accepted Accounting
Principles to delete the unsatisfactory observations.10
Then we merge the ﬁrm-product-level trade data from the
Chinese Customs Database with the NBSC Database using the contact
information of manufacturing ﬁrms.11 Our matching procedure is
done by company name ﬁrst, and next by both zip code and telephone
number, and lastly by telephone number and contact person name
together (see detailed description of the matching process in Fan et
al., 2015a). Our merged sample covers 52.4% of total export value
and 42% of total import value reported by the Customs Database.12
We use the NBSC ﬁrm-level production data to measure revenue TFP in our main results. To overcome known issues in revenue
TFP, we also show that our main results are robust to physical TFP
measures by merging the ﬁrm-level revenue-based production data
with another newly obtained dataset on ﬁrms’ quantity output from
the NBSC for the same sample period (see Section 4.3 for more
detailed discussion on various TFP measures and their estimation
methods).13
Finally, the Chinese import tariff data are obtained from the WTO
website, available as MFN (most-favored nation) applied tariff at the
most disaggregated level, the HS 8-digit level, for the period 20012006.14 As our product is deﬁned at HS6 level, we compute average
tariff at HS6 level by using each HS8 tariff line within the same HS6
code. We then calculate ﬁrm-speciﬁc and industry-speciﬁc tariffs in
empirical investigation (see more details in Section 4.2). The summary statistics of key variables in our ﬁrm-product(-country) sample
for regression analysis are reported in Table 1.
2.2. Stylized facts
Now we document three stylized facts concerning the relationship
between output/input prices and productivity during trade liberalization. In this section we use unit-value price as coarse proxy for
quality because quality differentiation is often viewed as the main
determinant of variation in export unit values (Hallak, 2006; Feenstra
and Romalis, 2014), and also because of its simplicity and easy availability in the data. We acknowledge that, apart from quality, there
exist other determinants of export unit values (see a more explicit
and detailed discussion in Hallak, 2006). As a result, unit value prices
are not perfect proxies for quality. The development in the literature
proposes a solution using price and market share data to estimate
quality (see a seminal work by Khandelwal, 2010). In the later part
of this paper we will also estimate quality as residual from a demand

10
We use the following rules to construct our sample: (i) the total assets must be
higher than the liquid assets; (ii) the total assets must be larger than the total ﬁxed
assets; (iii) the total assets must be larger than the net value of the ﬁxed assets; (iv) a
ﬁrm must have a unique identiﬁcation number; and (v) the established time must be
valid.
11
This merging has to be done using the contact information of ﬁrms due to
the lack of consistent ﬁrm identiﬁcation between the two databases. The NBSC
Database uses the corporate representative codes to identify ﬁrms while the Customs
Database adopts another set of corporate custom codes as ﬁrm identity. These two
ﬁrm identity coding systems are not transferable between each other.
12
When merging the Customs Database with the NBSC data, we exclude
intermediaries and/or trading companies.
13
This quantity output database contains information on each product, deﬁned by
the Chinese product classiﬁcation (CPC) at the 5-digit level, produced by the ﬁrm, and
in particular, output quantity. We are able to merge this quantity database with the
NBSC production data as the two databases adopt the same ﬁrm identiﬁcation code.
We will focus on single-product ﬁrms in estimating physical TFP.
14
The data are available at http://tariffdata.wto.org/ReportersAndProducts.aspx.
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Table 1
Summary statistics of key variables and sample.
Variable

Mean

Median

S.D.

Min

Max

Sample: Firm-HS6-country
Dln(price)
0.13
DDuty
−0.06
Dln(TFP)
0.43
ln (price)2001
1.51
1.63
ln (price)2006
ln (TFP)2001
4.34
4.77
ln (TFP)2006

0.09
−0.05
0.38
1.26
1.38
4.30
4.78

0.90
0.05
0.95
2.18
2.16
1.05
1.10

−7.64
−1.11
−9.08
−9.07
−6.54
−0.62
−5.41

9.94
0
5.76
12.76
12.49
8.36
8.53

Sample: Firm-HS6
Dln(price)
DDuty
Dln(TFP)
ln (price)2001
ln (price)2006
ln (TFP)2001
ln (TFP)2006

0.11
−0.06
0.36
1.30
1.45
4.25
4.67

1.01
0.05
0.97
2.08
2.05
1.05
1.10

−9.26
−1.11
−9.08
−9.07
−7.55
−0.62
−5.41

9.96
0
7.35
13.27
14.20
8.36
8.53

0.15
−0.06
0.42
1.53
1.68
4.26
4.68

Notes: The summary statistics of key variables for the continuing ﬁrm-HS6-country
triplets and for the continuing ﬁrm-HS6 combinations are reported in the top and bottom panels, respectively. The numbers of continuing ﬁrm-HS6-country and ﬁrm-HS6
combinations are 16907 and 8971, respectively. Key variables consist of (log) price
and (log) TFP at the year 2001 and 2006, their log change from 2001 to 2006 as well as
ﬁrm-speciﬁc tariff reductions.

equation. Nonetheless, here we document stylized facts using data
on unit values.
The key message from those facts is the closing gap between
less and more productive ﬁrms following the initial differences in
terms of their output and input prices under trade liberalization. As
China joined the WTO in December of 2001, we use the data from
2001 to represent the pre-liberalization period and data from 2006
to represent the post-liberalization period. All ﬁrms we examine are
incumbent exporting/importing ﬁrms that are present in both preand post-liberalization periods. We focus on incumbent two-way
traders that conduct both exporting and importing because of their
importance in the productivity distribution and data availability.
Since a product is deﬁned at either HS6 or HS6-destination level, it is
convenient to compare the changes in export prices at different levels of aggregation that can uncover how changes in the composition
of destination markets affect average export prices.
2.2.1. Fact 1: levels and changes of export prices with respect to ﬁrm
initial productivity
Table 2 reports the changes in (log) export prices by less and more
productive ﬁrms via the levels of export prices in both 2001 and 2006.
Firms are divided into two groups — high- and low-productivity
ﬁrms based on whether their labor productivity (value added per
worker) is above or below the median in the pooled sample in 2001.15
Within each group, the median and mean (log) export prices per
ﬁrm-product in 2001 and in 2006 as well as the percentage changes
(in parentheses) are reported.
Table 2 shows that ﬁrms with lower initial productivity increase
export prices more than those with higher initial productivity,
at both ﬁrm-product and ﬁrm-product-country levels. It is also
interesting to note that the price increases are greater at HS6 product

15
Using estimated total factor productivity (TFP) to group the data yields similar
patterns. Note that when using value added per worker or revenue based TFP
measures, prices might pollute the measured TFP cutoff used to construct two
groups of ﬁrms. Then a simple mean-revision pattern would occur to yield higher
price growth for initially low-price ﬁrms. To eliminate this concern, we also use
physical productivity measures and show the robustness of our results to the use
of physical TFP (see later discussion in Section 5.1.2 “Robustness for Main Results”).
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level than at HS6-country level due to a composition effect, i.e., ﬁrms
would charge higher average export prices by entering more destination markets where demand for high quality goods is strong after
trade liberalization. To better illustrate the difference between lowand high-productivity ﬁrms regarding the change in their export
prices of both HS6-country or HS6 products, we also plot the distributions of export prices (in natural logarithm) in 2001 and 2006 in
Fig. 1. The left panel of Fig. 1 refers to ﬁrms with initial productivity
lower than median productivity; the right panel refers to ﬁrms with
productivity higher than the median. In the two graphs in the top
we include ﬁrm-HS6-country triplets that are present in both years
for the distribution of prices, while in the two graphs in the bottom we focus on ﬁrm-HS6 products. Then we compare export prices
over time by regressing them on ﬁrm-HS6(-country) ﬁxed effects and
plotting the residuals. To ensure that our results are not driven by
outliers, we remove outliers in the bottom and top 2nd percentiles.
The distributions of export prices for both HS6 product and HS6country move to the right in 2006, and this shifting pattern is more
profound for low-productivity ﬁrms. We summarize the ﬁrst stylized
fact as follows:
Stylized fact 1. During trade liberalization, ﬁrms with lower initial
productivity raise export prices more than those with higher initial
productivity.

2.2.2. Fact 2: export price changes depend on product quality
differentiation
To explore whether the effect of trade liberalization on export
prices depends on quality differentiation, we report in Table 3 export
price changes for all goods, differentiated goods, and homogeneous
goods, according to Rauch’s product classiﬁcation (Rauch, 1999).16
It is usual practice in the trade-and-quality literature that adopts
differentiated goods and homogeneous goods to roughly represent
heterogeneous-quality products (i.e., goods with large scope for quality differentiation) and homogeneous-quality products (i.e., goods
with small scope for quality differentiation), respectively. There are
two observations in Table 3. First, for all goods and differentiated
products, the ﬁrms with lower initial productivity always raise their
export prices more than those with higher initial productivity (see
column 1 vs. 2 and column 3 vs. 4), while for homogeneous goods
this pattern is less pronounced (see column 5 vs. 6). Second, for
ﬁrms with similar productivity (see low-productivity ﬁrms in odd
columns and high-productivity ﬁrms in even columns), the export
price increases show the greatest changes in differentiated goods,
the medium changes in all goods, and the least changes in homogeneous goods. Fig. 2 also presents the differential effect of product
differentiation on price distributions by ﬁrm productivity: the export
prices of differentiated goods signiﬁcantly increase from 2001 to
2006 in Panel (a) where the low-productivity ﬁrms (in the left graph)
raise export prices more than high-productivity ﬁrms do (in the right
graph), i.e., the gap between the solid line and the dashed line is larger
for low-productivity ﬁrms; while the export prices of homogeneous
goods nearly remain unchanged over time (see Panel (b)) regardless
of ﬁrm productivity.17 This suggests that the effect of tariff reduction on export prices conditional on ﬁrms’ initial productivity also

16
Here, homogeneous goods include both goods traded on organized exchanges
and reference-priced goods. When we use a narrower deﬁnition of homogeneous
goods with only organized-exchanged goods, the fact still remains.
17
Fig. 2 is based on HS6-country products. We also present the distributions of
export prices for HS6 products in Fig. A.2 in the online appendix and ﬁnd similar
patterns.
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Table 2
Export prices in 2001 and 2006 and price changes from 2001 to 2006.
Firm productivity ≤ 50th

Firm productivity > 50th

(1)

(2)

(3)

(4)

2001

2006

2001

2006

Export price (HS6-country)
Per ﬁrm-product-country, median
Per ﬁrm-product-country, mean

1.04
1.11

1.22 (11.93%)
1.28 (17.53%)

1.33
1.59

1.38 (5.86%)
1.68 (9.05%)

Export price (HS6)
Per ﬁrm-product, median
Per ﬁrm-product, mean

1.13
1.18

1.33 (14.48%)
1.37 (19.65%)

1.38
1.64

1.51 (8.92%)
1.75 (11.78%)

Notes: Prices are in logarithm. Export prices are unit values, computed by dividing deﬂated export values by the physical quantity. Price changes are presented in parentheses.

depends on the scope for product quality differentiation. The ﬁnding
is summarized as follows:

show that more productive ﬁrms pay higher input prices at the
beginning. Hence, we have the following stylized fact:
Stylized fact 3. More productive ﬁrms pay higher input prices for
both its primary and intermediate inputs. During trade liberalization,
ﬁrms purchase more expensive labor and intermediate inputs. This
effect is more pronounced for less productive ﬁrms.

Stylized fact 2. During trade liberalization, ﬁrms with lower initial
productivity raise export prices of heterogeneous-quality products
more than those with higher initial productivity, while the changes in
export prices of homogeneous-quality products are less pronounced
regardless of ﬁrm productivity.

3. Model
2.2.3. Fact 3: changes in input prices
Table 4 shows that the changes in labor input prices through
wage payment per ﬁrm and the percentage changes in import
prices for intermediate inputs per ﬁrm-product between 2001 and
2006 indeed depend on initial ﬁrm productivity. Columns 1 and 2
present the results for wage payments; columns 3–4 and 5–6 show
the results for import prices at HS6-source country and HS6 level,
respectively. Table 4 clearly shows that the increases in wages and
import prices are greater for initially low productivity ﬁrms (see the
odd columns vs. even columns). Also, the initial values in brackets

In this section, we develop a simple model to rationalize the stylized
facts presented in the previous section. There are two mechanisms at
work in the model. First, more productive ﬁrms charge higher prices
for their output and pay higher prices for their inputs because large
scale production induces productive ﬁrms to dramatically upgrade
their output quality and high output quality requires high quality
inputs. This mechanism also induces ﬁrms to upgrade their quality in
response to a reduction in import tariffs. The second mechanism makes
the model’s predictions consistent with the stylized fact that quality
upgrading’s effects are larger for initially less productive ﬁrms. This
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Fig. 1. Distributions of export prices by initial ﬁrm productivity in 2001 and 2006. Notes: Prices for continuing ﬁrm-HS6-country triplets (see the top panel) and for continuing
ﬁrm-HS6 combinations (see bottom panel) are in logarithm. Graphs in the left panel refer to ﬁrms with lower initial productivity (i.e., productivity lower than the median)
and graphs in the right panel refer to ﬁrms with higher initial productivity (i.e., productivity above the median). Price distributions are drawn by regressing export prices on
ﬁrm-HS6-country (see the top panel) and ﬁrm-HS6 (see the bottom panel) ﬁxed effects and then plotting the residuals, as in De Loecker et al. (2016).
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Table 3
Change in export prices for differentiated goods and homogeneous goods.
Whole sample

Differentiated goods

Homogeneous goods

(1)

(2)

(3)

(4)

(5)

(6)

≤50th

>50th

≤50th

>50th

≤50th

>50th

Change in export price (HS6-country):
Per ﬁrm-product-country, median
Per ﬁrm-product-country, mean

11.93%
17.53%

5.86%
9.05%

13.23%
18.67%

7.24%
10.35%

0.34%
0.81%

−0.16%
0.95%

Change in export price (HS6):
Per ﬁrm-product, median
Per ﬁrm-product, mean

14.48%
19.65%

8.92%
11.78%

16.12%
20.96%

11.56%
13.45%

1.16%
5.39%

−2.74%
2.33%

Notes: ≤50th indicates the ﬁrms associated with lower initial productivity (i.e., the bottom 50th percentile); >50th indicates the ﬁrms associated with higher initial productivity
(i.e., the top 50th percentile).

mechanism arises from the assumption that ﬁrm productivity disproportionately affects the eﬃciency with which ﬁrms use intermediate
inputs. Hence, a reduction in the cost of imported intermediates acts
as a relatively less powerful impact on the initially more productive
ﬁrms.
3.1. Assumptions
As we are interested in how ﬁrms behave both within and across
industries, we consider the following system of preferences:

U=

I

i


mi ln

gi
si

q(y) x(y)

si −1
si


dy

si
si −1

,

y∈Yi

where mi is the share of industry i in total expenditure, q(y) is a
measure of quality of variety y, x(y) is the quantity of variety y consumed, s i > 1 is the elasticity of substitution across varieties of good
i, gi > 0 is a measure of the scope for quality differentiation, and
Yi is the set of varieties available of good i. These preferences imply

that in a market in which aggregate expenditure is E, the demand for
variety y in industry i is
si −1

xi (y) = mi EPi

q(y)gi p(y)−si .

(1)

where Pi is the industry-level price index that is exogenous from the
point of view of individual ﬁrms.
Producing a higher quality product raises ﬁrm proﬁtability
directly through its effect on demand but it is more costly to the
ﬁrm for two reasons. First, product design incurs ﬁxed costs and
these ﬁxed costs depend on the number of attributes that the ﬁrm
chooses to build into the variety. We assume that these ﬁxed costs,
measured in terms of bundles of the primary inputs is given by f qbi .
The industry subscript on bi > 0 indicates that given the nature of
goods in some industries, designing products with a large number
of attributes desired by consumers differs. The higher is bi the more
diﬃcult it is to design products that consumers value more. Hence,
a large value of bi or a low value of gi indicates that the scope for
quality differentiation is limited.
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Fig. 2. Price distributions for differentiated goods and homogeneous goods (HS6-Country). Notes: Prices of continuing ﬁrm-HS6-country triplets are in logarithm. Panel (a) presents
price distribution for differentiated goods (see the top panel) and Panel (b) presents price distribution for homogeneous goods (see the bottom panel). Graphs in the left panel
refer to ﬁrms with lower initial productivity (i.e., productivity lower than the median) and graphs in the right panel refer to ﬁrms with higher initial productivity (i.e., productivity
above the median). Price distributions are drawn by regressing export prices on ﬁrm-HS6-country ﬁxed effects and then plotting the residuals, as in De Loecker et al. (2016).
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Table 4
Changes in wages & import prices from 2001 to 2006 and their initial values.

Median
Mean

(1)

(2)

(3)

(4)

(5)

(6)

≤50th

>50th

≤50th

>50th

≤50th

>50th

Change in wage payment
(Firm level)
Per ﬁrm

Change in import price
(HS6-country level)
Per ﬁrm-HS6-country

Change in import
price (HS6 level)
Per ﬁrm-HS6

48.07%
[1.91]
57.53%
[1.80]

10.54%
[2.65]
19.54%
[2.94]

12.63%
[2.62]
23.41%
[2.93]

40.18%
[2.24]
44.74%
[2.22]

6.92%
[3.08]
13.43%
[3.21]

6.26%
[3.11]
15.20%
[3.30]

Notes: The initial values (in logarithm) refer to wage payment and import prices in
2001 (presented in brackets underneath). ≤50th indicates the ﬁrms associated with
lower initial productivity (i.e., the bottom 50th percentile); >50th indicates the ﬁrms
associated with higher initial productivity (i.e., the top 50th percentile).

Second, producing higher quality output requires ﬁrms to use
higher quality inputs. The production function for output of quality q
for a ﬁrm of productivity v takes the following form:

xi (q) = v

V(q)
1 − li

1−l i 

Mi (q)
li

l i
,

l i ∈ (0, 1)

(2)

where V(q) is a bundle of primary factors of quality q, Mi (q) is a
composite intermediate input of quality q that is used in industry i,
and v is ﬁrm productivity. The price facing the ﬁrm for a bundle of
primary factors of quality q is given by w(q) = wg(q), where g(q)
is a strictly increasing function of quality. The price of a bundle of
intermediate inputs of quality q is given by PiM (q). The composite
intermediate input is produced via a Leontief production function
over a unit interval of individual intermediates, indexed by m ∈ [0, 1].
The price of any input m of quality q in China is pd g(q), where pd
is a constant. A ﬁrm may also source an intermediate input from
abroad. The imported price of that intermediate input m of quality q is tpf (m)g(q), where t is one plus the ad valorem tariff on the
input and pf (m) is strictly decreasing and continuous in m.18 We
assume that tpf (0) > pd and tpf (1) < pd so that there exists a cutoff
intermediate that is not imported that is solution to

In addition to production costs, we assume that ﬁrms also face
a variety of additional costs of handling of their outputs. Those
costs possibly span all stages of production, including prior, post,
and during production services, such as services of product design,
advertisement, production monitoring, product quality control, distribution, etc. It is natural to think that higher quality goods require
better all-around production services given by S(q) = swg(q).19 In
the similar spirit of a per unit shipping charge in Hummels and Skiba
(2004), the speciﬁc transport costs in Feenstra and Romalis (2014)
and the distribution cost in Chatterjee et al. (2013), we assume that
these costs are per unit of output sold so that the total cost of
providing a unit of ﬁnal output to its ﬁnal consumers is given by
⎛
⎜
Ci (q; v, t) = ⎝sw +

w1−l i P̃iM (t)
v

li

⎞
⎟
⎠ g(q).

(5)

Henceforth, we parameterize the quality premium schedule as
g(q) = qa .
As the assumption of an additional component of marginal cost
that is not subject to a ﬁrm’s productivity is not common in the
literature, it is worth discussing its role in the model. As both allaround production services and production itself are required in
ﬁxed proportion within a ﬁrm we have essentially adopted a Leontief
production function in which ﬁrm productivity disproportionately
affects the cost of the activity using intermediate inputs. This means
the marginal cost effect of changes in intermediate input prices is
relatively smaller for more productive ﬁrms than for less productive
ﬁrms.20
3.2. Implications
We now explore the implications of our model for ﬁrms’ choices
of quality of inputs, outputs, and prices as a function of ﬁrms’ productivities and the input tariffs that they face. We consider a particular
industry and drop the industry subscript i, henceforth.
Conditional on its cost-minimizing choice on the source of intermediate inputs, the ﬁrm chooses its price, p, and its quality, q, to
maximize its export proﬁts of the ﬁrm, which are given by

tpf (m∗ ) = pd .

p(v) = max (p − C(q; v, t)) x(q, p, y) − f qb ,

Hence, the price of the composite intermediate input of quality q is
given by

Substituting Eqs. (1) and (5) and solving for the ﬁrst-order conditions
for the choice of quality of outputs and inputs and the price of the
ﬁnal good, we ﬁnd that the optimal quality choice is given by

p,q


PiM (q; t) = P̃iM (t)g(q),

where P̃iM (t) = m∗ pd + t



1
m∗

pf (m)dm .
(3)

⎛

⎛

⎜
A⎜
q=⎜
⎝(g − a(s − 1)) bf ⎝sw +

w1−l P̃M (t)
v

l

1
⎞1−s ⎞ b−g+a(s−1)
⎟
⎟
⎟
,
⎠
⎠

(6)

It follows from these assumptions, that the cost of production of a
ﬁrm of productivity v for a level of quality q is given by
w
cP (q; v, t) =

1−l i

P̃iM (t)
v

li

g(q).

(4)

18
In the online appendix, we develop a simple microfoundation for the price setting
given here (see Appendix A).

19
The assumption that all-around production services vary in quality is realistic but
is made primarily for convenience. It is realistic because, according to Chinese data,
ﬁrms that produce high quality outputs are also high-productivity ﬁrms that indeed
disproportionately hire more highly-educated workers. Meanwhile, it is safe to believe
that those all-around production services usually require hiring non-production workers to conduct management related tasks, and highly-educated workers often conduct
management related, non-production tasks.
20
More generally, a model that features concavity of the proﬁt function with respect
to productivity where more productive ﬁrms respond less to a cost reduction on
high-quality foreign inputs would generate the similar predictions as in the current
model. In the online appendix we present a more general formulation with wider
interpretations (see Appendix B).
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1−s

s
where A = s1 s−1
mEP s−1 is the mark-up adjusted demand level
common to all ﬁrms in the same industry, and the optimal price is
given by



p=

s
A
(g−a(s −1))
s −1
bf



⎛
a
b−g+a(s−1)

⎜
⎝sw+

w1−l P̃M (t)
v

l

⎞

b−g
b−g+a(s−1)

⎟
⎠

.
(7)

Note that an interior solution requires that b > g − a(s − 1) > 0,
which we assume holds henceforth.
We ﬁrst consider the variation across ﬁrms in their choices of
the quality of inputs, outputs and price as a function of variation
across ﬁrms in their productivities given a tariff on intermediate
inputs. Differentiating Eqs. (6) and (7), yields the elasticities of quality and output price with respect to ﬁrm productivity. This yields
after substitution,
l

P̃M (t)/w
dq
s −1
=
q
b − g + a(s − 1) sv + P̃ (t)/w

l

M

dv
, and
v

(8)

dv
.
v

(9)

l

P̃M (t)/w
g−b
dp
=
p
b − g + a(s − 1) sv + P̃ (t)/w

l

M
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The following propositions are immediate from Eqs. (10) and (11):
Proposition 2. A reduction in tariffs on intermediate inputs induces
ﬁrms to upgrade their quality. This effect is smaller in absolute
magnitude for high productivity ﬁrms. The differential effect between
low- vs. high-productivity is most pronounced in industries in which the
scope for quality differentiation is higher (high g or small b).
Proposition 3. In industries in which the scope for quality differentiation
is high (g > b), a reduction in tariffs on intermediate inputs induces ﬁrms
with lower productivity to raise the price of their ﬁnal output more than
those with higher productivity. The differential effect between low- vs.
high-productivity is most pronounced in industries in which the scope
for quality differentiation is higher (high g or small b); while the opposite
is true in industries in which the scope for quality differentiation is small
(g < b).
The above propositions are consistent with Fan et al. (2015b),
but extend the implications to the differential effect between lowvs. high-productivity and to the choice of input qualities. The key
mechanism driving the heterogeneous response of ﬁrms of different
productivity is driven by the assumption that ﬁrm productivity is not
Hicks’ neutral and disproportionately affects a subset of inputs that
includes imported intermediate inputs.21
Now, the impact of the tariff reduction on the payment for both
primary factors and foreign intermediate inputs satisfy
l

Given that an increase in quality of output implies an increase in
the quality of inputs, the following proposition is immediate from
Eqs. (8) and (9):
Proposition 1. More productive ﬁrms always produce higher quality
output than less productive ﬁrms and so use inputs (local and foreign)
that feature higher prices than less productive ﬁrms. In industries in
which the scope for quality differentiation is high (g > b), more productive ﬁrms also charge higher prices for their output than less productive
ﬁrms while the opposite is true in industries in which the scope for
quality differentiation is small (g < b).
The prediction is consistent with the stylized fact that more
productive ﬁrms pay higher wages and buy higher quality inputs.
The result is driven by the scale effects associated with quality
innovation. More productive ﬁrms produce at larger scale and so
beneﬁt more from increases in demand induced by quality innovation relative to less productive ﬁrms.
We now consider the effect of a reduction in the tariff on intermediate inputs such as followed China’s accession to the WTO. Totally
differentiating Eqs. (6) and (7), we obtain
l

P̃M (t)/w
dq
l (s − 1 )
=−
q
b − g + a(s − 1) sv + P̃ (t)/w

P̃M (t)/w
dw(q)
l a (s − 1 )
=−
w(q)
b − g + a(s − 1) sv + P̃ (t)/w

l

M

×  m∗
0

t

1

m∗

pf (m)dm
dt
1
t
p
(m)dm
m∗ f

(12)

pd dm + t

l


P̃M (t)/w
d pf (m)g(q)
l a (s − 1 )
=−
pf (m)g(q)
b − g + a(s − 1) sv + P̃ (t)/w

l

M

×  m∗
0

t

1

m∗

pf (m)dm
dt
.
1
t
p
(m)dm
m∗ f

pd dm + t

(13)

Upgrading of input qualities, induced by a reduction in tariff on
intermediate inputs, increases the payment for primary factors.
Proposition 4. A reduction in tariffs on intermediate inputs, t, induces
ﬁrms with lower productivity to increase their payment for both
primary and intermediate inputs more than those with higher productivity. The differential effect between low- vs. high-productivity is most
pronounced in industries in which the scope for quality differentiation is
higher (high g or small b).

l

M

×  m∗
0

1

pf (m)dm
dt
1
pd dm + t m∗ pf (m)dm t
t

m∗

(10)

The above predictions show that our model of scale effects and
non-Hicks neutral productivity differences across ﬁrms can generate the broad set of stylized facts presented in the previous section.
The model is novel in establishing a mechanism through which more

l

P̃M (t)/w
dp
l (g − b )
=−
p
b − g + a(s − 1) sv + P̃ (t)/w

l

M

×  m∗
0

1

pf (m)dm
dt
.
1
pd dm + t m∗ pf (m)dm t
t

m∗

(11)

21
Note that ﬁrms use both a bundle of primary factor inputs (e.g., labor inputs)
and composite intermediate inputs to product outputs. As aforementioned, we ﬁnd
in Chinese data that high-productivity ﬁrms do tend to be more skill intensive as
they disproportionately hire more highly-educated workers (see Footnote 19 for more
details).
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productive ﬁrms produce higher quality and sell at higher prices but
respond less to a reduction in the cost of imported intermediates.
That more productive ﬁrms produce higher quality and sell at higher
prices in any given environment is driven by the scale effects. The
less sensitive response of high-productivity ﬁrms to tariff reductions
is due to the fact that productivity and low cost inputs are in a sense
substitutable so that a reduction in tariffs on intermediate inputs has
a bigger impact on the costs of less productive ﬁrms.
Before concluding this section, we describe a simple extension
of the model that would allow analysis of the extensive margin. By
observation of Eq. (6), it is immediate that ﬁrms sell higher quality
products in countries with high demand, A, which in some extent
reﬂects GDP per capita since higher quality products are consumed in
these countries. Suppose that countries with high levels of demand
(A) involve very high upfront investments in distribution and advertizing. If these investments are suﬃciently costly, only the most
productive ﬁrms would sell there. As a reduction in input tariffs lowers the variable costs of less productive by a larger percentage, it
is the less productive ﬁrms that are most likely to upgrade the set
of markets in which they operate. Speciﬁcally, those less productive ﬁrms will start exporting to countries with higher demand A
and, as a result, to raise export prices more, while more productive
ﬁrms have already been operating in those higher demand markets
before trade liberalization. We will show in Section 5.3 “Evidence of
extensive margin of exports” that this is exactly what happens in the
data.
In summary, we have shown that understanding the data require
the standard model regarding the relationship between quality
upgrading and ﬁrm productivity to be amended in such a way that
ﬁrm productivity is non-Hicks neutral. Moreover, the model makes
predictions over the logarithmic changes in tariffs to logarithmic
changes in the price of inputs and the price of outputs at the ﬁrm
level where the effect of tariff changes is heterogeneous across ﬁrms
of different initial productivities. In the next section, we devise a
simple econometric model that captures exactly these predictions.
4. Empirical strategy
In this section, we specify our main estimating equation and
describe the measures of the key components of the econometric
model, namely, tariff reductions and productivity.
4.1. Baseline speciﬁcation
Our empirical investigation is guided by the propositions of our
model regarding the changes in output and input prices with respect
to ﬁrm productivity during trade liberalization. To test how the effect
of tariff reductions on export prices depends on ﬁrm productivity, we
estimate the following equation:


D ln pf h(c) = b1 DDutyf + b2 DDutyf × ln (TFP)f + b3 D ln (TFP)f
+ bf Dwf + bi DHHIi + vs + 4f h(c) ,

the change in log unit value export price of HS6 product h exported
by ﬁrm f (to destination country c). The speciﬁcation can represent
a ﬁrm-product-destination-level (fhc) regression or one at the ﬁrmproduct level (fh), in which case the optional c subscript is omitted.
DDutyf is the change of import tariff faced by ﬁrm f which is ﬁrmspeciﬁc (see detailed description on the construction of ﬁrm-speciﬁc
tariff measures in Section 4.2);23 D Dutyf × ln(TFP)f is the interaction
term of the change of import tariffs and the ﬁrm’s initial productivity; Dln(TFP)f controls for the change in ﬁrm productivity (estimated
TFP) that affects price change.24 The vector Dwft consists of other
ﬁrm-level observables that potentially affect export prices, including the change of capital intensity (capital to labor ratio), the change
of total employment, and the change of total wage bill. We also
add DHHIi to control for the change in competition effect through
Herﬁndahl index, computed at the 4-digit CIC (Chinese Industrial
Classiﬁcation) industry level. In addition, we control the 2-digit CIC
industry-ﬁxed effect vs . Finally, 4fh(c) is unobserved demand and cost
shocks that affect export prices. When we examine input prices,
the dependent variable will be replaced by import prices at ﬁrmHS6(-country) level or wage payments at ﬁrm level.
Our theory predicts that the coeﬃcient of DDutyf , b1 and, in
particular, the coeﬃcient of the interaction term DDutyf × ln(TFP)f ,
b2 , should be negative and positive, respectively in the industries
where the scope for quality differentiation is large. As the scope for
quality differentiation decreases, the aforementioned effect becomes
weaker, i.e., b1 increases and even becomes positive, b2 decreases
and may also becomes negative such that the differential effects
of tariff reduction on price change for low productivity and high
productivity ﬁrms would attenuate or even reverse. We now turn to
the construction of the variables used to estimate Eq. (14).
4.2. Tariff
As the main focus of this paper is to explore the relationship
between prices and productivity under trade liberalization, it is
important to measure properly the effective tariff reductions that
are actually faced by ﬁrms. As in Fan et al. (2015b), we focus on
ﬁrm-speciﬁc measures of tariff reductions due to their consistency
with our theory: those ﬁrm-speciﬁc measures use information on
the exact initial bundle of intermediates imported by ﬁrms and provide high resolution to the ﬁrm-speciﬁc intensive margin effects of
tariff reduction within the same industry.25 In robustness checks
we also construct conventional industry-level input-output table
based measures that would be more comprehensive in capturing
the potential to import more intermediates if ﬁrms obtain some
of the foreign intermediate inputs from other importing ﬁrms, but
may miss much of the variation of the impact of tariff reductions
across ﬁrms within the same industry. Our empirical results are not
sensitive to alternative measures of tariff cuts.
Our main measure of ﬁrm-speciﬁc tariff reduction is DDutyf =

h∈Z wh DDutyh , where the weight wh is the import share of product
h in the total import value by the ﬁrm in the initial year, and DDutyh

(14)

where D denotes a change in any variable during a ﬁve-year period
between 2001 and 2006, i.e, Dx = x2006 − x2001 ;22 D ln(pfh(c) ) denotes

22
We use long difference because the adjustment to the shock of trade liberalization
may be slow (e.g., Fan et al., 2015b) and there may also be issues of autocorrelation
when estimating the model in levels (Treﬂer, 2004). We also experiment with shorter
difference estimators using various periods, including four-year, three-year, and twoyear difference. The results remain qualitatively similar and are reported in the online
appendix (see related discussion of baseline results in Table 5 in Section 5.1.1 “Main
results”).

23
We also report results using conventional industry-level input tariffs in robustness
checks (see Section 5.1.2) and obtain qualitatively similar results.
24
In an alternative speciﬁcation, we experimented with including initial TFP level
(rather than the change in TFP) along with other initial ﬁrm and industry characteristics, and obtain largely similar results.
25
For example, the Input-Output sector, automobile manufacturing (Chinese I-O
classiﬁcation code 37074), includes the HS4 products, “motor cars & vehicles for transporting persons” (HS4 code 8703), and “special purpose motor vehicles” (HS4 code
8705). Within the same I-O sector, some products enjoyed substantial import tariff
reduction from 80% in 2001 to 28% in 2006 (e.g., HS8 product “other vehicles”, code
87033390), while others remain the same tariff level at 3% between 2001 and 2006
(e.g., HS8 product “ﬁre ﬁghting vehicles”, code 87033390).
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is the tariff change at HS6 product level.26 This ﬁrm-speciﬁc input
tariff reduction measure reﬂects changes in effective tariffs faced by
each ﬁrm and is not subject to the problem of the weight change
from 2001 to 2006.
To assess robustness, we adopt three alternative ﬁrm-speciﬁc
measures of tariff reductions. The ﬁrst is the arithmetic mean of
product-level tariff reductions across all imported varieties both
before and after the tradeliberalization. The formulation is DDutyf =

( h∈Z∪Z DDutyh ) / Z ∪ Z  , where Z is the set of varieties imported
before the tariff reduction (intensive margin), Z is the set of newly
imported varieties after the tariff reduction (extensive margin), and
|Z ∪ Z | denotes the total number of imported varieties by the ﬁrm
over the whole sample period. This measure includes tariff changes
relevant to both the intensive margin and the extensive margin.27
The second measure is the weighted average tariff reductions only
to goods that are clearly intermediate inputs, according to the Broad
Economic Categories (BEC) classiﬁcation.
The third measure attempts to connect individual tariff reductions on intermediate inputs to speciﬁc goods in the ﬁrm’s export
portfolio of products. We follow Manova and Zhang (2012b) to focus
on foreign inputs in the same broad industry classiﬁcation as the
output product. For example, if a ﬁrm buys brakes and seat belts
and sells cars, both its exports and imports would be recorded in
the motor vehicles industry. If the company also manufactures cell
phones, tariff reduction in SIM cards would enter the measure of
import tariff change of its cell phones but not that of its cars. Therefore, we construct the weighted average tariff change across all the
inputs imported by the ﬁrm (e.g. brakes, seat belts) in a given HS4
category (e.g. motor vehicle) and assign this average tariff change to
all products exported by this ﬁrm in the same HS4 category. Using
this method we eventually compute the ﬁrm-product speciﬁc tariff change DDutyfh for each product h exported by ﬁrm f.28 Among
all the ﬁrm-speciﬁc tariff reduction measures, this one generates the
smallest sample size as it loses those exported products that have no
imported inputs in the same HS4 category.
4.3. Productivity
To control for changes in ﬁrm productivity, we estimate various
measures of productivity, including revenue-based total factor productivity (TFP), physical TFP, and value added per worker.29 We also
report results using ﬁrm size and alternative quantity-based proxy
for ﬁrm-product level productivity. Our results are robust across
productivity measures.
Our primary TFP measure is revenue TFP using the method
of Olley-Pakes (hereafter O-P) (Olley and Pakes, 1996) that has

26
DDutyh ≈ Dlnth since t > 1 is one plus the tariff rate, and the HS6 product index
h is the empirical counterpart of intermediate type z in the model. When constructing the weighted average change in input tariffs, we use a product’s imports in total
import value by the ﬁrm as weights, because this measure has been widely employed
in the literature (e.g., Fan et al., 2015b; Yu, 2015). It is also because we lack precise data
on domestic intermediate inputs: the value of total intermediate inputs in the NBSC
ﬁrm production survey data is denominated in Chinese currency, while the imports in
the customs data are denominated in US dollar. Nonetheless, we also use an alternative weighting scheme where the weight is computed as the import share of product
h in the total costs of intermediate inputs by the ﬁrm in the initial year, as suggested
by one of the referees, and obtain similar results (see related discussion of baseline
results of Table 5 in Section 5.1.1 “Main results” and the supplementary table in the
online appendix).
27
This measure isolates pure changes in tariffs rather than the changes in input bundles (Ge et al., 2011) by ﬁxing the total number of imported varieties over the sample
period.
28
We also compute this tariff measure at HS2 level by assigning the average tariff
across all the imported inputs in a given HS2 category to all products exported by the
same ﬁrm within the same HS2 category and it yields the similar results. Those results
are available upon request.
29
We estimated production functions at the 2-digit CIC level. In total, there are 29
2-digit CIC industries.
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been augmented to account for additional ﬁrm-level decisions. For
instance, we allow a ﬁrm’s trade status in the TFP realization, as
in Amiti and Konings (2007), by including two trade-status dummy
variables-an export dummy (equal to one for exports and zero otherwise) and an import dummy (equal to one for imports and zero
otherwise). We also include a WTO dummy (i.e., one for a year since
2002 and zero for before) in the O-P estimation as the accession to
WTO represents a positive demand shock for China’s exports.
In estimating revenue TFP, we measure output using valueadded,30 and deﬂate ﬁrms’ inputs (e.g., capital) and value added,
using the input price deﬂators and output price deﬂators from Brandt
et al. (2012).31 We construct the real investment variable via the
perpetual inventory method. For the depreciation rate we use each
ﬁrm’s real depreciation rate provided by the NBSC ﬁrm-production
database. Besides TFP estimated using the O-P method, our results
are robust to various approaches in estimating revenue TFP, including the OLS method and the Ackerberg-Caves-Frazer augmented O-P
and L-P (Levinsohn and Petrin, 2003) methods (Ackerberg et al.,
2006).
Because revenue TFP estimated using sales or value added deﬂated
by industry-level producer price index can create an omitted-variable
bias (see detailed explanation in De Loecker and Goldberg, 2014), we
also report results using physical TFP, ﬁrm-product export quantity
as proxy for ﬁrm-product-level productivity, and other variables of
eﬃciency or ﬁrm size, such as value added per worker, total sales or
total employment payment. Our main results are robust to all those
quantity-based productivity measures and alternative measures of
eﬃciency and ﬁrm size.
We estimate physical TFP using the method of De Loecker et
al. (2016). While the details are presented in Appendix C in the
online appendix, it is worth mentioning two speciﬁc features of the
methodology. First, as in De Loecker et al. (2016) we assume that
multi-product and single-product ﬁrms use the same technology so
that we can focus on single-product ﬁrms to circumvent the problem
of unobserved input allocations in multi-product ﬁrms. We merge
the NBSC ﬁrm-level production data with another dataset on ﬁrms’
output quantity which has the same ﬁrm identity code as the NBSC
ﬁrm-level production database and provides output quantity at CPC
5-digit level (see a more detailed description of the output quantity
data in Fan et al., 2017). Our sample of single-product ﬁrms is about
25% of our previous sample of revenue TFP.32 Second, to solve the
issue of omitted ﬁrm-speciﬁc input prices, we use the (unit value)
output prices, market shares and export status to control for the
omitted input prices in estimating the quantity-based TFP. Speciﬁcally, we follow De Loecker et al.’s (2016) approach to “control for
unobserved input price variation across ﬁrms using information on
observables, particularly (but not exclusively) output prices,” based
on the belief that output prices capture information about input
prices which is a well documented fact in the quality-and-trade literature (e.g., Kugler and Verhoogen, 2012; Manova and Zhang, 2012a).
Those results are reported in Section 5.1.2.
5. Results
In this section, we present the results of our empirical analyses.
We begin with ﬁrm-level export price responses to tariff reduction.

30
Our results are not sensitive to TFP measures estimated by total output with
material input. The results are available upon request.
31
The output deﬂators are constructed using “reference price” information from
China’s Statistical Yearbooks, and the input deﬂators are constructed based on output
deﬂators and China’s national input-output table (2002). The data can be accessed via
http://www.econ.kuleuven.be/public/N07057/CHINA/appendix/.
32
Nevertheless, the estimated physical TFP and revenue TFP is positively correlated.
The correlation between revenue-based TFP and quantity-based TFP in our sample is
26.41%.
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Table 5
Baseline results: effects of tariff reductions on export prices depend on TFP.
Dependent variable: Dln(price)
Dln(pfhc )
(1)
DDuty

Dln(pfh )
(2)

(3)
∗∗∗

−0.343*
(0.191)

−2.496
(0.654)
0.490∗∗∗
(0.139)

No
16,907
0.0004

No
16,907
0.002

DDuty×ln(TFP)
Dln(TFP)
Dln(Capital/Labor)
Dln(Labor)
Dln(Wage)
DHHI
Industry ﬁxed effect
Observations
R-squared

(4)
∗∗∗

−2.457
(0.702)
0.505∗∗∗
(0.150)
0.021*
(0.011)
0.020
(0.013)
0.007
(0.015)
0.004
(0.018)
0.856∗∗∗
(0.239)
Yes
16,907
0.017

−0.543
(0.234)

No
8971
0.001

(5)
∗∗

(6)
∗∗∗

−3.455
(0.869)
0.652∗∗∗
(0.188)

No
8971
0.004

−3.084∗∗∗
(0.930)
0.592∗∗∗
(0.202)
0.021
(0.014)
0.037*
(0.020)
0.033
(0.022)
0.016
(0.022)
0.432
(0.306)
Yes
8971
0.019

Notes: Robust standard errors corrected for clustering at the ﬁrm level in parentheses. The dependent variable in speciﬁcations (1)-(3) is the (log) price change at the ﬁrm-HS6country level, computed as the log price difference of the same ﬁrm-HS6-country triplet from 2001 to 2006. The dependent variable in speciﬁcations (4)-(6) is the (log) price
change at the ﬁrm-HS6 product level. All regressions include a constant term. Herﬁndahl index (HHI) is computed at the 4-digit CIC industry in China. Industry ﬁxed effect is
computed at 2-digit CIC industry level. When we use initial levels of TFP, capital-labor ratio, employment, wage payment, and Herﬁndahl index to replace the changes in those
ﬁrm-level and industry-level controls, the similar results obtain: the coeﬃcient of DDuty is still signiﬁcantly negative, and the coeﬃcient for the interaction term is still positive
(the coeﬃcients of the interaction terms for the ﬁrm-product-country and ﬁrm-product regressions are 0.203 and 0.302, respectively).
∗∗∗
p < 0.01.
∗∗
p < 0.05.
∗
p < 0.1.

After presenting the baseline results and robustness checks, we then
consider ﬁrm-level input responses to tariff reduction. We conclude
the section with evidence regarding ﬁrm-level extensive margin
responses.
5.1. Export prices and import tariffs
5.1.1. Main results
We report the impact of tariff reductions on export price changes
in Table 5 using our main measure of ﬁrm-speciﬁc tariff reduction
(see detailed discussion in Section 4.2) and the baseline regression
Eq. (14).33 The dependent variables are ﬁrm-product-country level
price changes (see columns 1–3) and ﬁrm-product level price
changes (see columns 4–6), respectively.
We ﬁrst discuss the results at ﬁrm-product-country level. Column
1 reports the coeﬃcient estimate of regression of log changes in export
prices on log changes in tariff reductions. The statistically signiﬁcant
and negative coeﬃcient on tariff changes indicates that a reduction
in import tariffs of 10 percentage points increases unit value export
prices at ﬁrm-product-country level by 3.4%. This result is consistent with Proposition 3 that tariff reductions induce an incumbent
importer/exporter to raise its output prices. In columns 2 and 3, we add
the interaction term of tariff change and initial productivity (DDuty ×
log(TFP)), without and with ﬁrm- and industry-level controls and
industry ﬁxed effect, respectively. The positive, and statistically signiﬁcant coeﬃcients on the interaction term of tariff change and initial
productivity suggest that initially less productive ﬁrms enjoy a larger
raise in export prices during trade liberalization.

33
We also use an alternative weighting scheme for the main tariff measure where
the weight is computed as the import share of product h in the total costs of
intermediate inputs by the ﬁrm in the initial year, as suggested by one of the
referees, and obtain similar results (see Table A.1 in the online appendix).

According to the coeﬃcient estimates in column 2, a 10% reduction in import tariffs would raise export prices by approximately 3.9%
for an average ﬁrm whose (log) productivity equals 4.3; while the
same 10% tariff reduction would increase export prices by around
6.0% for a ﬁrm whose (log) productivity is 10% lower than the average
ﬁrm.34 In other words, the effect of tariff reduction on export price
increase is 53.8% greater on this less productive ﬁrm than that
on the average ﬁrm. This result conﬁrms the second prediction in
Proposition 3 that the magnitude of the effect of tariff reductions on
export prices is decreasing in a ﬁrm’s productivity.
When we move to columns 4–6 for ﬁrm-HS6 product level regressions, similar results obtain: a reduction in import tariff induces ﬁrms
to increase export prices, and this effect is more pronounced for lowproductivity ﬁrms.35 The fact that the coeﬃcient estimates on tariffs
and interaction terms tend to be larger at the ﬁrm-HS6 level than
at the ﬁrm-HS6-country level suggests a composition effect: import
tariff reductions induce Chinese ﬁrms to export to markets with
strong demand for higher quality goods where higher prices can be
charged, and this effect is more pronounced for less productive ﬁrms.
Besides using the interaction term to distinguish the differential
effect of tariff reductions on export prices between less and more

34
We also present the baseline regression results of Table 5 using the demeaned
(log) productivity in Table A.2 where we demean ln(TFP) over the estimating sample
before interacting it. In that way, the estimate on the interaction term is unaffected,
but the estimate on the uninteracted term DDuty retains its interpretation that represents the effect of tariff reduction on an average ﬁrm. All coeﬃcients on DDuty in Table
A.2 are signiﬁcantly negative at the ﬁrm-product level. At the ﬁrm-product-country
level, the coeﬃcients on DDuty are also signiﬁcantly negative with one exception that
has 15% signiﬁcance level. The negative coeﬃcients on tariff change in Table A.2 imply
that the average effect of tariff reduction on export price is indeed negative. In other
words, a reduction in import tariffs on average would raise export prices.
35
We also run an F-test on key results for tariff and its interaction with TFP,
since there exists a certain amount of collinearity, especially when coeﬃcients are
not independently signiﬁcant. The results show that both coeﬃcients of interest are
statistically signiﬁcant, at least 1% signiﬁcance level.
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productive ﬁrms, we test Proposition 3 by adopting a discretized
version of the TFP variable to loosen the linearity assumption:


D ln pfh(c) = b1 DDutyf + b2H DDutyf × High TFPf + b3 High TFPf
+ b4 D ln (TFP)f + bf Dwf + bi DHHIi + vs + 4fh(c) ,
where High_TFPf is a ﬁrm-speciﬁc dummy variable that is equal to 1
if a ﬁrm belongs to the category of high-productivity ﬁrm and is 0
otherwise.36 The corresponding results at the ﬁrm-product-country
and ﬁrm-product levels are reported in columns 1–4 and 5–8 in
Table 6, respectively, in which the odd columns exclude ﬁrm-level
and industry-level controls while the even columns include those
controls. The estimated coeﬃcients on DDuty × High_TFP in all speciﬁcations are signiﬁcantly positive, suggesting that the effect of tariff
reductions on export price increase for high-productivity ﬁrms is
less pronounced than that for low-productivity ﬁrms.37 Note that the


sum of the relevant coeﬃcients b1 + b2H is not statistically different from zero so one cannot conclude from these results that the
highest TFP ﬁrms actually reduce their prices in response to an input
tariff cut.38 This implies that less productive ﬁrms are affected by
tariff reduction and show an increase in their export prices, and this
pattern attenuates as ﬁrm productivity rises.
According to Proposition 3, the difference in the responses to
tariff reductions between low- and high-productivity ﬁrms should
be more pronounced in industries with large scope for quality differentiation. We address the predicted slope heterogeneity using
four approaches to categorize industry’s scope for quality differentiation and report results in four panels in Table 7. In Panel A,
under the reasonable assumption that differentiated goods present
greater scope for quality differentiation than do homogeneous goods,
we adopt Rauch’s (1999) classiﬁcation to distinguish two types of
products.39 In Panel B, we compute quality dispersion within each
HS6 product as the residual from a demand equation using observed
prices and market share data as in Khandelwal et al. (2013) and
Fan et al. (2015b).40 Intuitively, conditional on price, higher market shares imply higher quality (Khandelwal, 2010). We use the
median of quality variances of all goods to distinguish products
with highly-dispersed quality as differentiated goods and those with
less-dispersed quality as homogeneous goods. Finally, we use R&D
intensity as a proxy for the scope for quality differentiation within
an industry (Kugler and Verhoogen, 2012). We use both U.S. and

36
In the main results as shown in Table 6, we deﬁne High_TFPf = 1 if a ﬁrm’s TFP is
above 75 percentile of all ﬁrms in the sample. We experimented with various thresholds, e.g., 90 percentile, 80 percentile, etc., and ﬁnd similar results. Those results are
available upon request. We further test the three-segment discretized version of TFP
by dividing ﬁrms into three categories, namely high-, medium-, and low-productivity
ﬁrms among which low-productivity ﬁrms are the omitted group, and also obtain
similar results (see Table A.3 in the online appendix).
37
The differential effect regarding ﬁrm productivity is further supported by regressions using separate samples for more and less productive ﬁrms (available upon
request).
38
In our model, the potential for quality upgrading is limitless as the range of the
quality of inputs is unbounded. Were quality bounded from above, the most productive ﬁrms would respond to a trade liberalization by lowering the price of their output
while ﬁrms below a certain productivity cutoff would increase their output price. The
results here cannot distinguish between these subtle alternatives.
39
In our main results, we treat goods traded on organized exchanges and referencepriced goods as homogeneous goods. An alternative classiﬁcation that includes only
organized-exchange goods to homogeneous goods and refers heterogeneous goods to
both differentiated goods and reference-priced goods generates similar results (see
Table A.4 in the online appendix). Now, the coeﬃcients on the triple interaction term
DDuty × ln(TFP) × Diff are signiﬁcantly positive in both ﬁrm-product level and ﬁrmproduct-country level results; the coeﬃcients on the interaction term DDuty × Diff
are signiﬁcantly negative in both ﬁrm-product level and ﬁrm-product-country level
results.
40
For a more detailed discussion of quality estimation, see the later part of “(B.3)
The test using estimated quality” in “Robustness II — alternative explanations ” in
Section 5.1.2.

39

Chinese data on R&D intensity and report in Panel C and Panel D,
respectively.41
Columns 1–3 and columns 4–6 of Table 7 present ﬁrm-productcountry level and ﬁrm-product level results, respectively. The ﬁrst
column one reports the results using a subsample where the scope
for quality differentiation is large (i.e., heterogeneous goods sample).
The second column reports the results obtained from the subsample
where the scope for quality differentiation is small (i.e., homogeneous goods sample). The third reports results based on a set of
interactions for the whole sample, rather than splitting the sample in
two, where the dummy variable “Diff” (Differentiated) is equal to 1
if the product is classiﬁed as differentiated goods and zero otherwise
using the aforementioned four approaches in all panels.
We ﬁrst compare the subsample results. Table 7 shows that the
effect of tariff reductions on price increase is more pronounced when
the scope for quality differentiation is large (see the comparison
between the subsample of heterogeneous goods and of homogeneous goods, i.e., columns 1 vs. 2 and columns 4 vs. 5). Also, the
coeﬃcients on the interaction term (DDuty × ln(TFP)) that indicate
the difference between low- and high-productivity ﬁrms are positive
and signiﬁcant in heterogeneous goods sample in all speciﬁcations
(see columns 1 and 4). In contrast, columns 2 and 5 show that in the
sample where the scope for quality differentiation is small, all coeﬃcients on tariff reduction (DDuty) and the interaction term (DDuty ×
ln(TFP)) are either insigniﬁcant or smaller in absolute magnitude.
The contrast in the size of the coeﬃcients between homogeneous
and differentiated goods is more noticeable at the ﬁrm-product level
when comparing column 4 with column 5 than at the ﬁrm-productcountry level. Apparently, the compositional shift among different
destination markets is an important dimension of change in ﬁrm
quality strategies. To be more speciﬁc, at the ﬁrm-product level,
in Panels A, C, and D, only heterogeneous goods subsamples show
signiﬁcant response to tariff reduction conditional on initial productivity while this pattern is not statistically signiﬁcant in homogeneous goods subsamples; in Panel B, the effect of tariff reduction
conditional on TFP almost doubles in heterogeneous goods subsample, comparing with the one in homogeneous goods subsample. The
comparison of those coeﬃcients in the two types of subsamples are
consistent with our previous discussion.42
Next, we study the results based on the whole sample using the
interactions with the “Diff” dummy (see columns 3 and 6). This exercise can pin down whether there is indeed a statistically different
effect of tariff reduction on export prices conditional on ﬁrm productivity in heterogeneous goods industries. According to Proposition 3
of the model, the difference in how high- and low-productivity ﬁrms
respond to tariff reductions should differ based on whether the product is differentiated or homogeneous, with stronger effects observed
for differentiated products. Thus, the variables of interest are the
triple interaction term DDuty×ln(TFP)×Diff and the interaction term
DDuty × Diff.
Columns 3 and 6 show that the coeﬃcients on the triple interaction term are positive in all speciﬁcations, and are all signiﬁcant in
ﬁrm-product level results in column 6. The coeﬃcients on DDuty ×
Diff at the ﬁrm-product level are all signiﬁcantly negative, except

41
In Panel C, we adopt U.S. R&D intensity based on industry-level information of
R&D from U.S. Federal Trade Commission (FTC) Line of Business Survey as in Kugler
and Verhoogen (2012). To be more speciﬁc, we employ the measure constructed by
Kugler and Verhoogen (2012) and concord to HS6 using the concordance form the UN
Comtrade. Using U.S. R&D intensity to examine the role of quality scope on Chinese
ﬁrms’ behavior may be better exempt from the potential issue of the endogeneity of
R&D than using Chinese R&D intensity. In Panel D, we compute the R&D intensity for
each CIC 4-digit industry based on Chinese R&D data from the annual surveys of NBSC
manufacturing ﬁrms.
42
See Proposition 3 for theoretical justiﬁcations of possible reasons why the coefﬁcient would reverse the sign and the discussion after Eq. (14) in Section 4.1 for
empirical implications.
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Table 6
Breakout of the effect of tariff reductions on export prices using discretized TFP.
Dependent variable: Dln(price)
Dln(pfhc )
(1)
DDuty
DDuty ×High_TFP

Dln(pfh )
(2)

∗∗

−0.494
(0.207)
1.175∗∗∗
(0.352)

−0.385*
(0.208)
0.875∗∗
(0.354)

Yes
16,907
0.014

0.029∗∗∗
(0.010)
0.020
(0.013)
0.005
(0.015)
0.003
(0.018)
0.827∗∗∗
(0.249)
Yes
16,907
0.017

High_TFP
Dln(TFP)
Dln(Capital/Labor)
Dln(Labor)
Dln(Wage)
DHHI
Industry ﬁxed effect
Observations
R-squared

(3)
−0.471
(0.217)
1.048∗∗
(0.512)
−0.013
(0.040)

(4)
∗∗

Yes
16,907
0.014

(5)

−0.387*
(0.219)
0.883*
(0.518)
0.001
(0.040)
0.029∗∗∗
(0.010)
0.020
(0.013)
0.005
(0.015)
0.003
(0.018)
0.826∗∗∗
(0.249)
Yes
16,907
0.017

(6)
∗∗∗

(7)
∗∗∗

−0.823
(0.262)
1.284∗∗∗
(0.415)

−0.736
(0.264)
1.102∗∗∗
(0.417)

Yes
8971
0.016

0.029∗∗
(0.014)
0.039*
(0.020)
0.031
(0.021)
0.017
(0.022)
0.404
(0.315)
Yes
8971
0.018

−0.780
(0.281)
1.120∗∗
(0.467)
−0.019
(0.043)

Yes
8971
0.016

(8)
∗∗∗

−0.715∗∗
(0.287)
1.024∗∗
(0.468)
−0.009
(0.046)
0.029∗∗
(0.014)
0.039*
(0.020)
0.031
(0.022)
0.016
(0.022)
0.406
(0.316)
Yes
8971
0.018

Notes: Robust standard errors corrected for clustering at the ﬁrm level in parentheses. The low-productivity ﬁrms are the omitted group. The dependent variable in speciﬁcations
(1)–(4) is the (log) price change at the ﬁrm-HS6-country level, computed as the log price difference of the same ﬁrm-HS6-country triplet from 2001 to 2006. The dependent
variable in speciﬁcations (5)–(8) is the (log) price change at the ﬁrm-HS6 product level. Speciﬁcations (3)–(4) and (7)–(8) include the dummy variable High_TFP itself in levels;
speciﬁcations (1)–(2) and (5)–(6) do not include the dummy variable itself. All regressions include a constant term. Herﬁndahl index (HHI) is computed at the 4-digit CIC industry
in China. Industry ﬁxed effect is computed at 2-digit CIC industry level.
∗∗∗
p < 0.01.
∗∗
p < 0.05.
∗
p < 0.1.

for the one in the last panel where the signiﬁcance level is within
20% when Chinese R&D data are used. The fact that the results at
the ﬁrm-product level are stronger than at the ﬁrm-product-country
level is again consistent with the compositional effect that occurs
when ﬁrms switch their destination markets (see more discussion
about extensive margin later in Section 5.3).43
The results in Table 7 conﬁrm the role of quality differentiation
as stated in Proposition 3: when the scope for quality differentiation
becomes smaller, the effect of tariff reduction on price changes and
the differential effect between less and more productive ﬁrms would
become less pronounced or even become ambiguous.
In the online appendix, we report several sensitivity tests. First,
we show that the results remain unchanged when we experiment
with 2-year, 3-year, and 4-year lags in Table A.5. Second, to eliminate
the concern that changes in destination country import tariffs might
be affecting the results, we report in Table A.6 that adding export tariffs does not alter our main results.44 Third, we report the weighted
regression results to alleviate the concern of heteroskedasticity in
Table A.7 where various weighting schemes are used: Panels A, B,
and C are weighted by the number of observations in each 2-digit
CIC industry, the number of observations in each ﬁrm, and the export
value of each ﬁrm, respectively. Table A.7 shows that the results are
not driven by small exporters.
5.1.2. Robustness for main results
In this subsection, we show the robustness of our results from
both statistical and mechanism perspectives. To show the statistical
robustness of our results, we conduct four exercises. First, we show

43
The results of two subsamples in Table 7 also reﬂect the role of compositional
effect for industries in which the scope for quality differentiation is high when
comparing coeﬃcient estimates in column 1 with those in column 4, but this compositional effect does not occur in industries in which the scope for quality differentiation
is small when comparing column 2 with column 5.
44
In columns 2, 4, and 6 of Table A.6 we also add the interaction term of export tariff
and productivity, the results remain qualitatively the same.

our results are robust to various measures of productivity (including physical TFP to remove the concern of revenue-based TFP, other
quantity-based measures, labor productivity, and ﬁrm size). Second,
we conﬁrm the robustness of our results to alternative measures
of tariff cuts (including other ﬁrm-speciﬁc or ﬁrm-product-speciﬁc
measures and the conventional industry-speciﬁc tariffs). Third, we
use instrumental variable (IV hereafter) estimation to address the
potential issue of the endogeneity of tariff reductions and obtain
similar results. In addition, we show that our results are not biased
toward big ﬁrms using the whole customs data without matching the
data to the manufacturing ﬁrm survey.
From the mechanism perspective, we conduct three exercises to
show that our results are not sensitive to other explanations. First,
we conduct a placebo test to verify the model mechanism through
imported intermediate inputs. Second, we present a battery of sensitivityteststoeliminatetheconcernthatourresultsmightbespuriously
picking up the effect of other mechanisms (such as reduced policy
uncertainty and currency appreciation) rather than the import tariff reduction effect through imported intermediate inputs. Lastly, we
quality estimates to test the quality upgrading mechanism directly.
5.1.2.1. Robustness I — statistical.
5.1.2.1.1. Alternative measures of productivity and ﬁrm size. As our
focus is the effect of initial productivity on ﬁrms’ response to tariff reductions, it is important to show that our results are robust
to different approaches of estimating ﬁrm productivity. Table 8
reports robustness checks using quantity-based productivity measures. Panel A presents results based on physical TFP (see Section 4.3
for the discussion on the measurement issues and estimation
approach).45 The ﬁrst two columns correspond to the whole sample,

45
We also replicate the evidence of our key stylized fact using physical TFP to divide
ﬁrms into low- and high-productivity ﬁrms and ﬁnd similar patterns: the average (log)
export price changes per ﬁrm-HS6-country for low- and high-TFP ﬁrms are 20.27% and
12.12% in the whole sample, 21.04% and 14.35% in the differentiated goods sample,
and −2.20 % and −0.78 % in the homogeneous goods sample, respectively.
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Table 7
Effect of tariff reductions by the scope for quality differentiation.
Dependent variable: Dln(price)
Dln(pfhc )

Dln(pfh )

(1)
Hetero.

(2)
Homo.

(3)
Whole

(4)
Hetero.

(5)
Homo.

(6)
Whole

−2.634∗∗∗
(0.810)

−0.402
(1.170)

−3.631∗∗∗
(1.145)

0.562
(1.138)

0.533∗∗∗
(0.177)

0.169
(0.226)

0.678∗∗∗
(0.252)

0.024
(0.226)

15018
0.017

1889
0.058

−1.015
(1.171)
−1.571
(1.373)
0.292
(0.239)
0.231
(0.287)
−0.015
(0.042)
16907
0.017

7799
0.020

1172
0.068

0.135
(1.070)
−3.828∗∗∗
(1.428)
0.095
(0.218)
0.601∗∗
(0.301)
−0.091*
(0.049)
8971
0.020

−2.616∗∗∗
(0.924)

−2.321∗∗
(1.015)

−4.385∗∗∗
(1.419)

−2.203∗∗
(0.948)

0.568∗∗∗
(0.198)

0.436∗∗
(0.213)

0.858∗∗∗
(0.314)

0.403∗∗
(0.195)

8988
0.017

7919
0.027

−2.378∗∗
(0.968)
−0.171
(1.232)
0.458∗∗
(0.203)
0.095
(0.262)
−0.010
(0.030)
16907
0.018

4615
0.028

4356
0.022

−2.575∗∗
(1.117)

−2.248∗∗
(0.885)

−4.247∗∗∗
(1.307)

−2.067*
(1.086)

0.628∗∗
(0.250)

0.396∗∗
(0.184)

1.044∗∗∗
(0.306)

0.239
(0.218)

7933
0.022

7229
0.022

−2.197∗∗∗
(0.851)
−0.280
(1.282)
0.423∗∗
(0.177)
0.166
(0.283)
0.050
(0.035)
15162
0.018

4839
0.027

3114
0.032

−2.665∗∗
(1.039)

−1.983∗∗
(0.854)

−4.905∗∗∗
(1.444)

−1.509
(0.963)

0.596∗∗
(0.232)

0.386∗∗
(0.183)

1.098∗∗∗
(0.332)

0.164
(0.194)

Observation
R-square

8614
0.015

8293
0.028

−2.374∗∗∗
(0.899)
−0.143
(1.304)
0.460∗∗
(0.189)
0.118
(0.283)
0.048
(0.039)
16,907
0.018

4827
0.018

4144
0.034

−2.053*
(1.103)
−2.370
(1.675)
0.291
(0.212)
0.713∗∗
(0.359)
0.017
(0.045)
8971
0.021

Panels A, B, C and D:
Firm-level controls
Industry-level competition control
Industry ﬁxed effect

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Panel A: Rauch’s (1999)
DDuty
DDuty × Diff
DDuty × ln(TFP)
DDuty × ln(TFP)× Diff
Diff
Observation
R-square
Panel B: Quality Dispersion
DDuty
DDuty × Diff
DDuty × ln(TFP)
DDuty × ln(TFP)× Diff
Diff
Observation
R-square
Panel C: U.S. R&D intensity
DDuty
DDuty × Diff
DDuty × ln(TFP)
DDuty × ln(TFP)× Diff
Diff
Observation
R-square
Panel D: Chinese R&D intensity
DDuty
DDuty × Diff
DDuty × ln(TFP)
DDuty × ln(TFP)× Diff
Diff

−1.938∗∗
(0.910)
−2.746*
(1.403)
0.344*
(0.185)
0.596∗∗
(0.301)
−0.013
(0.036)
8971
0.020

−1.776*
(1.070)
−2.840*
(1.599)
0.167
(0.218)
0.958∗∗∗
(0.354)
0.111∗∗
(0.047)
7953
0.022

Notes: Robust standard errors corrected for clustering at the ﬁrm level in parentheses. Dependent variable in speciﬁcations (1)–(3) is the (log) price change at the
ﬁrm-HS6-country level; dependent variable in speciﬁcations (4)–(6) is the (log) price change at the ﬁrm-HS6 product level. The speciﬁcations (1) and (4) use subsample of
heterogeneous goods; speciﬁcations (2) and (5) use subsample of homogeneous goods; speciﬁcations (3) and (6) use whole sample. All regressions include a constant term,
ﬁrm-level controls, and industry-level competition control. Industry-level competition control refers to the change of Herﬁndahl index. Firm-level controls include the changes
between 2001 and 2006 in the following variables: TFP, capital intensity, average wage, and total employment. Industry ﬁxed effect is computed at 2-digit CIC industry level.
∗∗∗
p < 0.01.
∗∗
p < 0.05.
∗
p < 0.1.
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Table 8
Robustness: alternative measures of quantity-based productivity.
Dependent variable: D ln(price)
Whole sample

Differentiated goods

Homogeneous goods

(1)

(2)

(3)

(4)

(5)

(6)

D ln(pfhc )

D ln(pfh )

D ln(pfhc )

D ln(pfh )

D ln(pfhc )

D ln(pfh )

−0.959∗∗
(0.436)
0.693*
(0.384)
4007
0.031

−0.923*
(0.511)
0.441
(0.337)
2326
0.025

−1.071∗∗
(0.443)
1.206∗∗
(0.541)
3559
0.036

−0.983*
(0.519)
1.017*
(0.530)
2105
0.029

2.032
(1.514)
0.009
(0.396)
448
0.141

0.050
(2.640)
0.223
(0.438)
221
0.185

Panel B: Firm-product productivity proxy based on HS6
DDuty
−1.279∗∗
(0.621)
DDuty × ln(TFP)
0.103∗∗
(0.050)
Observation
16,907
R-square
0.015

−2.424∗∗∗
(0.809)
0.179∗∗∗
(0.062)
8971
0.018

−1.591∗∗
(0.681)
0.127∗∗
(0.057)
15,018
0.015

−2.851∗∗∗
(0.895)
0.204∗∗∗
(0.072)
7799
0.019

0.982
(1.071)
−0.042
(0.070)
1889
0.058

1.362
(1.344)
−0.049
(0.089)
1172
0.068

Panels A and B:
Firm-level controls
Industry-level competition control
Industry ﬁxed effect control

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Panel A: Firm-level physical TFP
DDuty
DDuty × ln(TFP)
Observation
R-square

Yes
Yes
Yes

Notes: Robust standard errors corrected for clustering at the ﬁrm level in parentheses. Dependent variable in speciﬁcations (1), (3), and (5) is the (log) price change at the ﬁrmHS6-country level; dependent variable in speciﬁcations (2), (4), and (6) is the (log) price change at the ﬁrm-HS6 product level. All regressions include a constant term, ﬁrm-level
controls, and industry-level competition control. Industry-level competition control refers to the change of Herﬁndahl index. Firm-level controls include the changes between
2001 and 2006 in the following variables: TFP, capital intensity, average wage, and total employment. Industry ﬁxed effect is computed at 2-digit CIC industry level. When we use
ﬁrm-product productivity proxy based on HS4 product, the similar results as in Panel B obtain.
∗∗∗
p < 0.01.
∗∗
p < 0.05.
∗
p < 0.1.

columns 3–4 use the subsample of differentiated goods, columns 5–
6 refer to homogeneous goods, where the odd and even columns
use ﬁrm-HS6-country and ﬁrm-HS6 level price change as dependent
variable, respectively.46
For all goods and for differentiated goods, the coeﬃcients on
tariff changes are signiﬁcantly negative, and the coeﬃcients on
DDuty×ln(TFP) are positive. The effect of tariff reductions for differentiated goods are always larger than the effect for all goods across
all speciﬁcations, while for homogeneous goods the effect is insignificant. This pattern is consistent with the prediction of Proposition 3
that the effect of tariff reduction on price changes and the differential effect between less and more productive ﬁrms would become
less pronounced when the scope for quality differentiation is smaller.
Panel B of Table 8 reports results using ﬁrm-HS6 product level export
quantity as rough proxy for ﬁrm-product level productivity, and all
previous main results still hold.47
In addition, we use other variables, such as valued added per
worker, total sales and total wage bill to replace ﬁrm productivity.48
Table A.8 in the online appendix shows that when using these

46
Here, the magnitude of the coeﬃcient estimates is not always larger at more
aggregated level, perhaps due to the sample size change since we only keep singleproduct ﬁrms when estimating physical productivity.
47
Results in Panel B of Table 8 use ﬁrm-product level average export quantity in the
sample period 2001–2006 as proxy for productivity. We also use the export quantity
in the initial year 2001 as proxy and obtain similar results.
48
Here, we use the total employment payment instead of the total employment
number, because ﬁrm with different productivity pay different wages due to different levels of labor’s effort based on our model. To drop outliers, we also delete the
ﬁrms with the total employment payment below 1 percentile, around forty thousand
dollars.

alternative proxies all coeﬃcients on tariff changes are signiﬁcantly
negative and the ones on the interaction term DDuty×ln(TFP) are
positive for all goods and for differentiated goods. Furthermore, the
effect of tariff reductions for differentiated goods is always greater
than the effect for all goods across all speciﬁcations, while for homogeneous goods the effect is insigniﬁcant.
5.1.2.1.2. Alternative measures of tariff cuts. So far our discussion
is based on the effect of ﬁrm-speciﬁc tariff reductions. This measure has the advantage of being theoretically justiﬁed and consistent
with the intensive margin effect across ﬁrms. In Section 4.2, we also
discussed various approaches to measure alternative tariff reductions and their features. We now show that our result is robust to
other ﬁrm-speciﬁc, ﬁrm-product speciﬁc and industry-speciﬁc tariff
reduction measures.
In Table 9, columns 1–2 refer to the ﬁrst alternative measure of
tariff cuts using ﬁxed set of imported inputs, columns 3–4 adopt tariffs
only of intermediate goods, and columns5–6 use Manova and Zhang’s
(2012b) method of computing the input within the same product
category. Panel A reports the results in the whole sample, Panel B
presents the results using the differentiated goods sample, and Panel
C reports the results with the homogeneous goods sample. The ﬁrmHS6-country level results are presented in columns 1, 3, and 5, while
the ﬁrm-HS6 product level results are presented in columns 2, 4, and 6.
Table 9 shows that for all goods and for differentiated goods, the
effect of tariff reduction on export price and the difference between
low- and high-productivity ﬁrms are all signiﬁcant and consistent
with our model predictions. The results of differentiated goods are
stronger than the ones for all goods across all speciﬁcations, while
the effect of interest is not signiﬁcant for homogeneous goods. Since
Measure 3 is ﬁrm-product speciﬁc, we also experiment with adding
HS6 product ﬁxed effect to further check the robustness and ﬁnd
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Table 9
Robustness: alternative measures of ﬁrm-speciﬁc tariff cuts.
Dependent variable: D ln(price)
Measure 1

Measure 2

Measure 3

(1)

(2)

(3)

(4)

(5)

(6)

D ln(pfhc )

D ln(pfh )

D ln(pfhc )

D ln(pfh )

D ln(pfhc )

D ln(pfh )

−1.895∗∗∗
(0.601)
0.421∗∗∗
(0.128)
21,922
0.013

−2.049∗∗
(0.957)
0.459∗∗
(0.213)
11,750
0.015

−2.298∗∗∗
(0.724)
0.472∗∗∗
(0.154)
15,229
0.018

−2.698∗∗∗
(1.004)
0.526∗∗
(0.215)
8121
0.0191

−2.982∗∗∗
(0.876)
0.669∗∗∗
(0.205)
6629
0.027

−3.809∗∗∗
(1.446)
0.852∗∗∗
(0.292)
2916
0.034

−2.064∗∗∗
(0.672)
0.475∗∗∗
(0.144)
19,630
0.012

−2.184∗∗
(1.046)
0.525∗∗
(0.236)
10,290
0.015

−2.539∗∗∗
(0.844)
0.514∗∗∗
(0.184)
13,426
0.019

−3.183∗∗∗
(1.219)
0.606∗∗
(0.271)
7025
0.020

−3.270∗∗∗
(0.962)
0.721∗∗∗
(0.231)
6217
0.027

−4.123∗∗∗
(1.555)
0.947∗∗∗
(0.329)
2685
0.035

Observation
R-square

−0.416
(1.006)
0.024
(0.196)
2292
0.047

−0.343
(1.518)
−0.040
(0.321)
1460
0.060

0.228
(1.365)
0.074
(0.247)
1803
0.055

1.891
(1.601)
−0.186
(0.281)
1096
0.068

2.728
(3.229)
−0.365
(0.626)
412
0.064

−2.033*
(4.095)
0.388
(0.770)
231
0.080

Panels A, B and C:
Firm-level controls
Industry-level competition control
Industry ﬁxed effect

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Panel A: Whole sample
DDuty
DDuty× ln(TFP)
Observation
R-square
Panel B: Differentiated goods
DDuty
DDuty× ln(TFP)
Observation
R-square
Panel C: Homogeneous goods
DDuty
DDuty× ln(TFP)

Notes: Robust standard errors corrected for clustering at the ﬁrm level in parentheses. Measure 1 (see speciﬁcations 1 and 2) refers to the tariff reduction measure by ﬁxing
the total number of imported varieties during the whole sample period; measure 2 (see speciﬁcations 3 and 4) is the weighted ﬁrm-speciﬁc import tariff reductions of only
intermediate goods; measure 3 (see speciﬁcations 5 and 6) refers to Manova and Zhang’s (2012b) method of computing the input within the same product category. The sample
size differs for different measures of tariff cuts: moving from measure 1 to measure 2 (based on the set of imported intermediates) and measure 3 (based on the inputs only
within the same product category) reduces the sample size. Dependent variable in speciﬁcations (1), (3), and (5) is the (log) price change at the ﬁrm-HS6-country level; dependent
variable in speciﬁcations (2), (4), and (6) is the (log) price change at the ﬁrm-HS6 product level. All regressions include a constant term, ﬁrm-level controls, and industry-level
competition control. Industry-level competition control refers to the change of Herﬁndahl index. Firm-level controls include the changes between 2001 and 2006 in the following
variables: TFP, capital intensity, average wage, and total employment. Industry ﬁxed effect is computed at 2-digit CIC industry level.
∗∗∗
p < 0.01.
∗∗
p < 0.05.
∗
p < 0.1.

similar results to those in columns 5 and 6 (see Table A.9 in the online
appendix).49 These results corroborate Proposition 3.
One might worry that the correlation between the reduction in
import tariffs on intermediate inputs and tariff cuts on ﬁrms’ outputs
might cause the coeﬃcient estimates to be polluted by competition effects (Amiti and Khandelwal, 2013). Moreover, as discussed
in Section 4.2, while the ﬁrm-speciﬁc measures of tariff cuts have
advantages, they may miss the broader effect of tariff cuts on intermediate inputs when ﬁrms use domestically purchased intermediate
inputs that are produced by other importing ﬁrms. We address these
concerns by including output tariffs and input tariffs constructed
using input-output tables.50

49
Adding ﬁrm ﬁxed effect instead of HS6 product ﬁxed effect in columns 5 and
6 would make coeﬃcients become insigniﬁcant. The reason of insigniﬁcance when
including ﬁrm ﬁxed effect is that each ﬁrm only exports a small amount of products in the sample of using Measure 3 and, moreover, there is on average only 1.58
ﬁrm-product tariff lines (based on Measure 3) within each ﬁrm.
50
We map the harmonized system (HS) 8-digit tariffs into the 3-digit Chinese InputOutput sectors (coded in 5-digit format). Our 3-digit output tariff, then, is the simple
average of the tariffs in the HS 8-digit codes within each 3-digit IO industry code. To
compute the input tariff, following Amiti and Konings (2007) we use an input cost

input
output
output
=
where tkt
is the
weighted average of output tariffs where: tit
k aki tkt
tariff on industry k at time t, and aki is the weight of industry k in the input cost of
industry i. Then we convert the input tariffs to CIC 4-digit industry level.

Table 10 reports results of both level regressions (see Panel A)
and difference estimations (see Panel B).51 In Panel A, the dependent
variable is (log) price at ﬁrm-HS6-destination level in odd columns
and (log) price at ﬁrm-HS6 level in even columns. To better capture the variation of export prices over time, we control for year
ﬁxed effects and ﬁrm-HS6(-country) ﬁxed effect in level regressions.
The coeﬃcients on input tariff are mostly signiﬁcant and negative,
and the coeﬃcients on the interaction term are always signiﬁcantly
positive, for the samples of all goods and differentiated goods, even

51
In Table 10, the number of observations in level regressions (see Panel A) is much
larger than in difference regressions (see Panel B) because we use long-difference
estimation with ﬁve-year lag for incumbent ﬁrms that conduct both import and export.
To see how the sample size reduces, we take the ﬁrm-HS6 product level sample as
example (see column 2, whole sample) and show it in ﬁve steps: (1) the initial sample
(2001–2006) contains 471,128 observations as in Panel A, column 2 (level regression);
(2) keeping observations that appear in either 2001 or 2006 makes the sample size
become 40% of the initial one; (3) among step (2)’s resulting sample, only 30% of
the observations belong to 2001; (4) among step (3)’s resulting sample, only 25%
observations appear as continuing in both 2001 and 2006; (5) among those continuing
exporting ﬁrm-product pairs in step (4)’s sample, only 63% observations conduct both
import and export, resulting in 8971 ﬁrm-product combinations in long-difference
estimation in Panel B, column 2. In 2001, the export value associated with the 8971
observations (that use imported inputs) is 4.2 billion USD, accounting for 66.4% of export
value of all continuing ﬁrm-product pairs (that are present in both 2001 and 2006)
and 28.4% of total export value of all exporting ﬁrm-product pairs in the year 2001.
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Table 10
Robustness: results of industry input and output tariffs.
Whole sample

Differentiated goods

Homogeneous goods

(1)

(2)

(3)

(4)

(5)

(6)

fhc

fh

fhc

fh

fhc

fh

−1.502*
(0.881)
0.207*
(0.106)
0.288
(0.213)
Yes
Yes
No
1,302,884
0.980

−1.855
(1.183)
0.259*
(0.135)
0.240
(0.261)
Yes
No
Yes
471,128
0.968

−1.782∗∗
(0.792)
0.241∗∗
(0.117)
0.392*
(0.208)
Yes
Yes
No
1,144,122
0.980

−2.346∗∗
(0.925)
0.333∗∗
(0.137)
0.366
(0.257)
Yes
No
Yes
407,363
0.968

0.105
(0.899)
0.085
(0.146)
−0.448
(0.475)
Yes
Yes
No
158,762
0.975

0.852
(0.893)
−0.041
(0.178)
−0.529
(0.533)
Yes
No
Yes
63,765
0.959

Panel B: Difference estimation (Dependent variable = Dln(price))
DDutyinput
−3.002∗∗∗
(0.967)
DDutyinput × ln(TFP)
0.373∗∗
(0.176)
DDutyoutput
0.843∗∗∗
(0.294)
Observation
16,907
R-square
0.005

−3.698∗∗∗
(1.421)
0.569*
(0.295)
0.863*
(0.481)
8971
0.005

−3.325∗∗∗
(0.997)
0.423∗∗
(0.198)
0.888∗∗∗
(0.303)
15,018
0.005

−4.153∗∗∗
(1.449)
0.733∗∗
(0.337)
0.741
(0.508)
7799
0.006

−2.121
(1.559)
0.409
(0.280)
0.399
(0.730)
1889
0.006

−1.144
(2.068)
−0.281
(0.365)
1.490
(1.012)
1172
0.008

Panels A and B:
Firm-level controls
Industry-level competition control

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Price aggregation level:
Panel A: Level regression (dependent variable = ln(price))
Dutyinput
Dutyinput × ln(TFP)
Dutyoutput
Year ﬁxed effect
Firm-HS6-country ﬁxed effect
Firm-HS6 ﬁxed effect
Observation
R-square

Yes
Yes

Notes: Robust standard errors corrected for clustering at the 4-digit CIC industry level in parentheses. Dependent variable in Panel A is (log) price level; dependent variable in
Panel B is the (log) price change. In columns 1, 3, and 5, we use ﬁrm-HS6-country price level or price change; in columns 2, 4, and 6, we use ﬁrm-HS6 price level or price change.
All regressions include a constant term, ﬁrm-level controls, and industry-level competition control. Firm-level controls refer to the levels (in Panel A) or the changes between
2001 and 2006 (in Panel B) of the following variables: TFP, capital intensity, average wage, and total employment. Industry-level competition control refers to Herﬁndahl index
(in Panel A) and the change of Herﬁndahl index (in Panel B).
∗∗∗
p < 0.01.
∗∗
p < 0.05.
∗
p < 0.1.

after precisely controlling for ﬁrm-HS6(-destination) ﬁxed effects.
This pattern is more profound when using difference estimations in
Panel B. To sum up, using industry-level input tariff does not alter
our main results even after taking into account the effect of output
tariffs.
So far, we have shown that our results are robust to alternative
productivity and tariff measures using the subsamples of differentiated goods and of homogeneous goods. In addition, we check those
robustness results using the triple interaction term DDuty×ln(TFP)×
Diff with the whole sample in Table A.10 for alternative measures of
productivity and ﬁrm-speciﬁc tariff cuts and in Table A.11 for industry input and output tariff measures in the online appendix. We ﬁnd
that the coeﬃcients on the triple interaction term are all positive
and they are mostly signiﬁcant at ﬁrm-product level, which further
conﬁrms the differential effect of tariff reduction between low- and
high-productivity ﬁrms.
In addition, to assess the average effect of tariff reduction on
export price change using alternative measures of productivity and
tariff cuts, we demean (log) productivity before interacting it for the
main speciﬁcations of Tables 8, 9, and 10. The results are reported
in Table A.12 in the online appendix where columns 1–2 correspond
to physical TFP measure and export quantity measure, columns 3–
5 use the three alternative measures of tariff cuts, and column 6
corresponds to industry-speciﬁc tariff reductions. The signiﬁcantly
negative coeﬃcients on tariff change in columns 1 and 2 indicate that the average effects of tariff reductions are negative and
robust for alternative productivity measures. When using alternative tariff measures, the average effects also remain signiﬁcantly

negative for Measure 2 and industry-speciﬁc tariff (see columns 4
and 6).52
5.1.2.1.3. Endogeneity. Now, we address the issue of the potential
endogeneity of tariff changes, though we believe that tariff changes
are arguably exogenous from the individual ﬁrm’s perspective. Using
industry-speciﬁc input tariffs alleviates the concern of the endogeneity of tariff cuts, but does not eliminate the concern. To address this
issue, we reestimate the baseline speciﬁcation using past tariff levels
as instruments for changes in tariffs as is commonly done in the literature (e.g., Goldberg and Pavcnik, 2005; Amiti and Konings, 2007).
The idea is that the past tariffs are strongly correlated with the current changes in tariffs, but the past tariffs are uncorrelated with the
error term or any other determinants of the dependent variable in
the baseline regressions. Because the results of instrument are not
qualitatively different, they are reported in Table A.13 in the online
appendix in order to conserve space.
5.1.2.1.4. Large sample test using whole customs data. So far, our
results are based on a merged sample that combines both the NBSC
ﬁrm production data and the customs data. As the NBSC dataset
contains only large ﬁrms, selection bias is a potential concern. This
problem is not unique to our data: in developing countries and lowincome countries a large proportion of ﬁrms may not be part of conventionally available datasets (see McCaig and Pavcnik, 2014, 2015
for related evidence in Vietnam). Since our focus is on incumbent

52
When using Measure 1 and Measure 3 (see columns 3 and 5 of Table A.12), the
average effects of tariff reductions are still negative though insigniﬁcant.
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ﬁrms who are already exporters/importers, the left end of the ﬁrm
distribution that contains the smallest ﬁrms is beyond the scope of
this paper. Nonetheless, to alleviate the concern of sample selection
bias, we present results using the whole customs data that covers
the universe of all ﬁrms that either export or import through Chinese
customs. As we cannot estimate TFP for lack of NBSC ﬁrm production
data, we employ total export value as proxy for ﬁrm productivity and
include HS2-product ﬁxed effects. As the results are strongly consistent with our benchmark results, especially at the ﬁrm-product level,
we present them in Table A.14 in the online appendix. We also replicate key stylized facts using whole customs data (see Table A.15 in
the online appendix) and ﬁnd that the key stylized facts still hold.
5.1.2.2. Robustness II — alternative explanations.
5.1.2.2.1. Placebo test using processing trade. Our previous results
were based on ordinary trade ﬁrms that pay import tariffs to import
intermediate inputs. Processing ﬁrms were excluded because they
are not subject to tariffs. As a placebo we replicate our baseline
regressions using processing trade ﬁrms as a comparison group.53
Since our model highlights the channel through the improved access
to imported intermediate inputs, we expect that processing trade
ﬁrms do not respond signiﬁcantly to tariff reductions and certainly
there is no difference of the response between low- and highproductivity processing ﬁrms. Table A.16 in the online appendix
reports the results using processing trade sample and conﬁrms
our expectation: All coeﬃcients on tariff reductions and interaction
terms are statistically insigniﬁcant.
5.1.2.2.2. Sensitivity to other mechanisms. One may concern that
there are other mechanisms through which trade liberalization
affects low- and high-productivity ﬁrms differently regarding their
export price changes. Those potential mechanisms include reduced
uncertainty that restraints Chinese ﬁrms’ ability to export to certain
markets, especially those high-income countries where demand for
high quality goods is strong, and appreciation of Chinese currency.
Policy uncertainty. Prior to its accession to the WTO, China was
vulnerable to the sudden loss of MFN status in its trade relations
with the United States, where such status required annual congressional action to maintain. Pierce and Schott (2013) have shown that
this vulnerability depressed Chinese exports to the U.S., particularly
in industries where non-MFN tariffs were very high. To role out the
potential for this mechanism to drive our results, we remove the U.S.
from our sample and reestimated our main equations. The resulting estimates for all goods, differentiated goods, and homogeneous
goods are shown in columns 1, 4, and 7 in Table A.17 in the online
appendix, respectively.
Currency appreciation. As China’s currency, Renminbi (RMB), has
appreciated since July 2005, one may be also concerned that the
price increase is partially due to the appreciation of RMB. It is possible that a stronger RMB reduces ﬁrms’ costs to purchase imported
inputs with local currency, and thus provides ﬁrms more incentive to
switch to better inputs. To test the sensitivity of our results to RMB
appreciation, we use the data during the period before the appreciation to test whether export prices indeed increase without currency
appreciation. As the RMB appreciated in late 2005, we dropped data

53
A ﬁrm cannot freely choose between ordinary trade and processing trade: its
choice of trade regime is often constrained by ﬁnancing situation. Proﬁts, proﬁt-tosales ratios, and value added are higher for ﬁrms that conduct more ordinary relative
to processing trade, while processing trade ﬁrms must face some constraint that prevents them from doing ordinary trade (Manova and Yu, 2016). Thus, even though
processing ﬁrms can beneﬁt from import tariff exempt, ﬁrms may not necessarily
want to engage more in processing trade as it is a low value-added trade regime in the
context of global production chain. This is also reﬂected in the steady share of processing exports in total exports over time that is around 55% (Kee and Tang, 2016). This
eliminates the concern that ﬁrms purposely conduct more processing trade in order
to avoid paying import tariff.
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of 2005 and 2006, and conduct the long-difference estimation for
the period between 2001 and 2004 in columns 2, 5 and 8 for ﬁrmHS6-country level price change (Dlnpfhc ) and columns 3, 6, and 9 for
ﬁrm-HS6 level price change (Dlnpfh ) in Table A.17, respectively.
5.1.2.2.3. The test using estimated quality. It is not easy to directly
measure quality, but we can infer “effective quality” (quality as it
enters consumer’s utility) from observed prices and market shares.
We estimate “quality” of exported product h shipped to destination
country c by ﬁrm f in year t, qfhct , according to demand Eq. (1) in the
model, using an OLS regression as in Khandelwal et al. (2013) and
Fan et al. (2015b), via the following empirical demand equation in
our model:
ln(xfhct ) + s ln(pfhct ) = vh + vct + 4fhct

(15)

where xfhct denotes the demand for a particular ﬁrm’s export of product h in destination country c in year t, pfhct is the price the ﬁrm
charges that equals the price that consumers face, s is the elasticity
of substitution across products, the country-year ﬁxed effect vct collects the destination-year speciﬁc information including price index
and expenditure at destination markets, and the product ﬁxed effect
vh captures the information on prices and demand across product
categories due to the inherent characteristics of products. We allow
the elasticity of substitution to vary across industries (s i ) using the
estimates of Broda and Weinstein (2006) to estimate quality.54 Then


estimated quality is ln q̂fhct = 4̂fhct , i.e., the residual from Eq. (15).55
The results using estimated quality as dependent variable are
reported in Table A.18 in the online appendix. The results present a
similar pattern as in our main results in which price changes are the
dependent variable. In the whole sample of all goods and the sample
of differentiated goods, tariff reductions signiﬁcantly induce ﬁrms to
upgrade quality of their products, and this quality upgrading pattern
is more profound for low-productivity ﬁrms as shown by the signiﬁcantly positive coeﬃcients on the interaction term. This pattern does
not appear in the homogeneous goods sample.
5.1.2.2.4. Controlling for mark-up changes. To further verify quality upgrading by ﬁrm’s access to higher quality inputs, we check
whether the effect of tariff reduction on price increase along the
intensive margin still exists after controlling markup variation. To
this end, we include change in market share in our estimation to
control for the change in markup (see Amiti et al., 2014; Fan et al.,
2015b). In speciﬁcations (1), (3) and (5) of Table A.19 in the online
appendix, we add change in ﬁrm’s market share as control variable
to test impact of tariff reduction on Dlnpfhc , for all goods, differentiated goods and homogeneous goods, respectively. In accordance,
coeﬃcients on tariff reductions are signiﬁcantly negative, while coefﬁcients on interaction terms (D Duty × log(TFP)) are signiﬁcantly
positive for all goods and differentiated goods. As for homogeneous
goods, all effects are, however, insigniﬁcant. This alleviates the concern that our results reﬂect markup variation rather than quality
adjustments along the intensive margin. To address the potential
endogeneity of market share change, we employ initial tariff levels
in 2001 (see columns 2, 4 and 6) facing all other ﬁrms in the same

54
Using the existing values of estimated s from the literature is a common approach
used in the prior studies (e.g., Khandelwal et al., 2013). Broda and Weinstein (2006)
estimate the elasticity of substitution for disaggregated categories and report that
the average and median elasticity is 7.5 and 2.8, respectively. We use their estimates
aggregated to HS 2-digit level and merge with our sample. In addition, to avoid parameterizing s i based on the existing values given in the literature, we also estimate
quality using IV estimation and our results remain robust. To save space, the results
based on estimated quality using IV estimation are not reported here, but available
upon request.
g
55
Here q̂fhct ≡ qfhct . In other words, the estimated quality q̂ is corresponding to qg .
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4-digit CIC industry to instrument market share change for each individual ﬁrm. Again, the effect of tariff reductions on price increase
across ﬁrm would not be affected by instrumenting for market share
changes.
5.2. Tariff reduction and input upgrading
In this section, we explore the input implications of our model.
According to Proposition 4, a reduction in import tariff would induce
an incumbent exporter/importer to pay higher prices for both its primary and intermediate inputs. That is to say, an increase in export
prices would go through two channels of input quality upgrading:
the upgrade in the quality of imported intermediate inputs and an
increase in the primary input quality involving better workers that
require a higher wage. Moreover, this effect is smaller in absolute
magnitude for more productive ﬁrms, and the differential effect
between low- vs. high-productivity ﬁrms is most pronounced in
industries in which the scope for quality differentiation is high. In the
end of this section, we also explore the implication for input upgrading pattern at the extensive margin regarding the imported input
share in total intermediate inputs.
Table 11 reports the regression results with changes in import
prices as dependent variable at the ﬁrm-HS6-country level (see
columns 1–4) and the ﬁrm-HS6 level (see columns 5–8).56 Our model
suggests that the effect of tariff reductions on the import price
increase would be more pronounced for low-productivity ﬁrms. As a
result, the coeﬃcients on the interaction term DDuty×ln(TFP) would
be positive and the coeﬃcients on tariff change itself would be negative. The results using the whole sample (see columns 1 and 5) and
the differentiated goods subsample (see columns 2 and 6) are all
signiﬁcant and consistent with our expectation. In particular, the differentiated goods subsample generates the largest response to tariff
reductions, while the effect on homogeneous goods is insigniﬁcant.
The signiﬁcantly positive coeﬃcients on DDuty×ln(TFP) for all goods
and for differentiated goods indicate that the tariff reduction effect
on import price increase is also stronger for less productive ﬁrms.
It is worth noting that the effect of the tariff reduction is stronger
on the export prices for ﬁnal outputs than on the import prices
of inputs.57 There are several potential explanations. First, part of
the quality upgrading story is due to innovation efforts on the part
of the ﬁrm induced by lower marginal cost of production. That is,
only part of quality upgrading of output is due to quality upgrading
of inputs. Second, the elasticities of input quality supply and output quality demand will in general be different. Third, as shown by
Amiti and Khandelwal (2013), a tariff reduction that leads to greater
competition in the home market is associated with an increase
in export quality. The improved access to imported intermediate
inputs would also induce an increase in total factor productivity
or expanded export scope that would eventually relate to export
quality upgrading.58 Finally, our price data is in unit values. Export
unit values well capture export quality, while only a fraction of
observed import unit value differences are attributed to import
quality (Feenstra and Romalis, 2014).
Table 11 also reports results using triple interaction term DDuty×
ln(TFP) × Diff to further conﬁrm the differential effect between low-

56
The sample size of Table 11 for import prices at the ﬁrm-product-country level
and the ﬁrm-product level is not much different. This suggests no compositional
effect from the perspective of switching importing source countries within each
ﬁrm-product dyad.
57
The difference between the effect on import price vs. export price can be seen by
comparing columns 1 and 5 in Table 11 for import prices vs. columns 3 and 6 in the
baseline results of Table 5 for export prices.
58
See, for example, Amiti and Konings (2007) on Indonesian ﬁrms, Kasahara and
Rodrigue (2008) on Chilean ﬁrms, Goldberg et al. (2010) and Topalova and Khandelwal
(2011) on Indian ﬁrms, Bas and Strauss-Kahn (2014) on French ﬁrms, Halpern et al.
(2015) on Hungarian ﬁrms, and Yu (2015) and Feng et al. (2016) on Chinese ﬁrms.

and high-productivity ﬁrms conditional on quality scope. Indeed
the coeﬃcients on triple interaction terms are signiﬁcantly positive while the coeﬃcients on DDuty × Diff are signiﬁcantly negative
(see columns 4 and 8). These results are again consistent with
Proposition 4 that in the industries where the scope for quality differentiation is large, trade liberalization has a greater effect on import
price increase, especially for less productive ﬁrms.
Table 12 presents the results of regressing the change in ﬁrmlevel wages on ﬁrm-speciﬁc tariff reductions and on the interaction
terms to check the effect of trade liberalization on labor quality
upgrading. Columns 1–3 use the whole sample of all ﬁrms, the subsample of ﬁrms that import differentiated goods, and the subsample
of ﬁrms that import homogeneous goods, respectively.59 Import tariff reductions signiﬁcantly raise wage payments, and this effect is
more pronounced for low-productivity ﬁrms in the whole sample
and in the heterogeneous subsample (see columns 1 and 2). The magnitude of tariff reduction effect is larger in column 2 than in column
1, while this effect is not signiﬁcant in the homogeneous subsample
(see column 3). Moreover, column 4 reports the signiﬁcantly positive
coeﬃcient on the triple interaction term, and the signs of coeﬃcients
of all other variables of interest are consistent with our expectation.
These results conﬁrm the model predictions in Proposition 4 that the
trade liberalization induces ﬁrms with lower productivity to increase
their payments for primary inputs more than those with higher productivity, and this differential effect is most pronounced in industries
with large scope for quality differentiation.
In addition to examining the changes in intensive margin of
inputs through import price and wage payment, we also explore
the comparative statics of extensive margin of imports, i.e., how the
share of imported inputs in total intermediate inputs evolves. As
ﬁrms choose a higher quality of their output, they would substitute from domestic inputs toward imported inputs. As a result, we
expect similar predictions as for the other propositions: more foreign
sourcing by high-productivity ﬁrms, but a stronger increase following tariff reductions by low-productivity ﬁrms. We test these two
predictions in Table A.20 in the online appendix where columns 1–3
regress imported inputs share on ﬁrm productivity using the data in
initial year 2001 and columns 4–6 regress the changes in imported
inputs share from 2001 to 2006 on tariff reduction and the interaction term DDuty × ln(TFP). All results are signiﬁcant and support the
aforementioned two predictions.
5.3. Evidence at extensive margin of exports
In this section, we turn to the extensive margin of exports. As discussed in the theory section, an immediate extension of our model
with market penetration costs that are increasing in market demand
can generate an extensive margin of market entry that is a function of input costs. Such an extension suggests that a tariff reduction
on imported intermediates ought to affect the composition of destination markets of less productive ﬁrms by more than it affects the
composition of destination markets of more productive ﬁrms.
To examine the pattern along the extensive margin, within the
same ﬁrm-HS6 product (hereafter fh, for short), we distinguish three
types of markets, namely, “continuing”, “entry”, and “exit” according
to their status in the pre-liberalization period (2001) and postliberalization period (2006). If a destination market for a fh combination exists in both 2001 and 2006, it is deﬁned as a “continuing” type;

59
Here, we use the core imported product to determine whether a ﬁrm belongs to
heterogeneous or homogeneous subsample: if a ﬁrm’s largest imported product is differentiated goods, we categorize this ﬁrm into heterogeneous subsample; if a ﬁrm’s
largest imported product is homogeneous goods, we categorize this ﬁrm into homogeneous subsample. This approach is based on a belief of complementarity between
primary inputs and intermediate inputs, e.g., more differentiated intermediate inputs
may need relatively more skilled labor inputs to use.
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Table 11
Input quality upgrading (I): import price, tariff cuts, and productivity.
Dependent variable: D ln(import price)
D ln(import price)fhc

DDuty

D ln(import price)fh

(1)
Whole

(2)
Hetero.

(3)
Homo.

(4)
Whole

(5)
Whole

(6)
Hetero.

(7)
Homo.

(8)
Whole

−2.102*
(1.094)

−3.023∗∗
(1.393)

−0.492
(0.711)

−2.086*
(1.078)

−2.676*
(1.460)

−0.891
(0.781)

0.454∗∗
(0.201)

0.743∗∗∗
(0.271)

0.100
(0.119)

0.445∗∗
(0.210)

0.595∗∗
(0.296)

0.186
(0.142)

Yes
Yes
Yes
21,119
0.008

Yes
Yes
Yes
17,216
0.009

Yes
Yes
Yes
3903
0.022

0.378
(0.815)
−3.654∗∗∗
(1.413)
−0.0489
(0.136)
0.811∗∗∗
(0.269)
0.067
(0.042)
Yes
Yes
Yes
21,119
0.009

Yes
Yes
Yes
20,763
0.008

Yes
Yes
Yes
16,889
0.008

Yes
Yes
Yes
3874
0.017

−0.577
(0.809)
−2.338*
(1.417)
0.151
(0.149)
0.468*
(0.284)
0.094∗∗
(0.041)
Yes
Yes
Yes
20,763
0.008

DDuty × Diff
DDuty × ln(TFP)
DDuty × ln(TFP) × Diff
Diff
Firm-level controls
Industry-level competition control
Industry ﬁxed effect
Observation
R-square

Notes: Robust standard errors corrected for clustering at the ﬁrm level in parentheses. Dependent variable in speciﬁcations (1)–(4) is the (log) price change at the
ﬁrm-HS6-country level; dependent variable in speciﬁcations (5)–(8) is the (log) price change at the ﬁrm-HS6 product level. Speciﬁcations (1), (4), (5) and (8) use all goods in
the whole sample; speciﬁcations (2) and (6) use subsample of heterogeneous goods (differentiated goods). Speciﬁcations (3) and (7) use subsample of homogeneous goods. The
sample includes all importing ﬁrms winsorized by dropping top and bottom 0.5% ﬁrms according to initial TFP. All regressions include a constant term, ﬁrm-level controls, and
industry-level competition control. Industry-level competition control refers to the change of Herﬁndahl index. Firm-level controls include the changes between 2001 and 2006
in the following variables: TFP, capital intensity, average wage, and total employment. Industry ﬁxed effect is at 2-digit CIC industry level.
∗∗∗
p < 0.01.
∗∗
p < 0.05.
∗
p < 0.1.

if it appears in 2006 but not in 2001, it is characterized as “entry”
type; if it appears in 2001 but not in 2006, it is characterized as “exit”
type. Then we compare the changes in (log) export prices and in (log)
incomes (GDP per capita) of destination markets for different types
of markets using a mean or median (see Table 13).

Table 12
Input quality upgrading (II): wage upgrading, tariff cuts, and productivity.
Dependent variable: D ln(wage payment)

DDuty

(1)
Whole

(2)
Hetero.

(3)
Homo.

(4)
Whole

−1.393*
(0.717)

−2.521∗∗
(1.030)

−0.579
(0.848)

0.291*
(0.150)

0.640∗∗∗
(0.242)

0.112
(0.168)

Yes
Yes

Yes
Yes

−0.748
(0.825)
−1.657
(1.214)
0.136
(0.161)
0.477*
(0.268)
0.030
(0.031)
Yes
Yes

Yes
2980
0.064

Yes
1276
0.077

Yes
4256
0.062

DDuty × Diff
DDuty × ln(TFP)
DDuty × ln(TFP) × Diff
Diff
Firm-level controls
Yes
Industry-level competition Con-Yes
trol
Industry ﬁxed effect
Yes
Observation
4256
R-square
0.060

Notes: Robust standard errors corrected for clustering at the ﬁrm level in parentheses.
Dependent variable is the (log) wage payment change at the ﬁrm level. Speciﬁcation (1) and (4) use whole sample of all ﬁrms; speciﬁcation (2) uses heterogeneous
subsample in which a ﬁrm’s core imported product is heterogeneous goods (differentiated goods). Speciﬁcation (3) uses homogeneous subsample in which a ﬁrm’s core
imported product is homogeneous goods. All regressions include a constant term,
ﬁrm-level controls, and industry-level competition control. Industry-level competition control refers to the change of Herﬁndahl index. Firm-level controls include the
changes between 2001 and 2006 in capital intensity and total employment. Industry
ﬁxed effect is computed at 2-digit CIC industry level.
∗∗∗
p < 0.01.
∗∗
p < 0.05.
∗
p < 0.1.

In Table 13, we compute the following measures of changes in
export prices (see Panel A) and changes in incomes of countries
across destination markets (see Panel B) within the same ﬁrmproduct: the price/income change for all markets and continuing
markets, and the price/income change for markets of “entry” versus
markets of “exit” .60 Within each ﬁrm-product, the price change for
“entry-exit” is computed by the average price of each ﬁrm-product
across all its newly added markets (markets of entry) in 2006 minus
the average price across all its dropped markets (markets of exit)
in 2001. As for changes in incomes of destination markets, we take
either the mean or the median incomes across destinations within
each ﬁrm-product in 2001 and 2006, and then compute the change
over time for each type of market within the same ﬁrm-product. We
present the mean and median price and income change for all markets, continuing markets, and switching markets (entry vs.~exit) in
columns 1–2, 3–4, and 5–6, respectively.
The ﬁrst important message conveyed by Table 13 is that the
quality upgrading pattern along extensive margin is related to ﬁrm
productivity. To show this, we divide sample into low-productivity
and high-productivity ﬁrms by median in each type of markets. For
all three types of markets, the price increase for low-productivity
ﬁrms is greater than that for high-productivity ﬁrms (see the odd
columns vs. even columns). The average incomes of destination markets also present the pattern that less productive ﬁrms have greater
increase than more productive ﬁrms with the only exception at
continuing markets.
We then compare different types of markets in Table 13. We
start with continuing markets (see columns 3 and 4) that reﬂect the
intensive margin effect. The export price increases is greater for less
productive ﬁrms than for more productive ﬁrms at continuing markets. When we move to the results for the sample of all markets in

60
According to the literature (e.g., Manova and Zhang, 2012a), there is a positive correlation between product quality and income of destination markets, i.e., ﬁrms charge
higher export prices in richer markets because they sell higher quality goods there.
Hence, we study changes in incomes of destination markets as evidence at extensive
margin.
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Table 13
Changes at the extensive margin: destination market types and initial productivity.
All markets

Panel A: changes in export prices at ﬁrm-product level
Per ﬁrm-product, median
Per ﬁrm-product, mean
Panel B: changes in incomes of destination markets
Changes in mean incomes of destination markets:
Per ﬁrm-product, median
Per ﬁrm-product, mean
Changes in median incomes of destination markets:
Per ﬁrm-product, median
Per ﬁrm-product, mean

(2)

Continuing markets

Entry vs. Exit

(1)
≤50th

>50th

(3)
≤50th

>50th

(4)

(5)
≤50th

>50th

(6)

15.24%
20.57%

8.21%
11.99%

13.73%
19.53%

7.71%
10.56%

18.09%
22.16%

9.31%
14.25%

24.79%
31.12%

22.34%
27.53%

22.34%
27.13%

22.34%
26.14%

35.98%
37.32%

31.73%
29.73%

24.80%
31.56%

22.34%
28.28%

22.34%
26.88%

22.34%
26.05%

40.28%
38.82%

34.42%
31.82%

Notes: ≤50th indicates the ﬁrms associated with lower initial productivity (i.e., the bottom 50th percentile); >50th indicates the ﬁrms associated with higher initial productivity
(i.e., the top 50th percentile). Prices and incomes are in logarithm. Productivity in this table refers to labor productivity computed as value added per worker. When using other
measures of TFP, the similar pattern also holds.

markets present the strongest pattern regarding the magnitude of
coeﬃcients (see columns 7–9 vs. columns 1–3 and 4–6). This indicates that incumbent ﬁrm-product pairs indeed switch from the
lower income markets where demand for high quality goods is
weak and products are sold at lower prices to higher income markets where demand for high quality goods is strong and products
are sold at higher prices, and this pattern is more pronounced for
low-productivity ﬁrms.

columns 1–2, the compositional shift at the extensive margin suggest
that ﬁrms are able to enter more high-income markets where the
demand for high quality goods is strong and so charge higher export
prices, especially in the case of low-productivity ﬁrms (see column
1 vs. column 3). We provide more indirect evidence at the extensive margin through switching markets in the last two columns of
Table 13, which shows that the price and income increase for lowproductivity ﬁrms in switching markets (entry vs.~exit) is of the
greatest magnitude (see column 5 vs.~other columns).
Finally, we replicate the baseline regressions using the price or
income change for different types of markets as dependent variable
and report results in Table 14. Columns 1–3, 4–6, and 7–9 correspond to all markets, continuing markets, and markets of entry vs.
exit, respectively. Again, we start with continuing markets (intensive
margin effect, see columns 4–6) that is the focus of our paper. At continuing markets, the price increase signiﬁcantly depends on initial
productivity and the coeﬃcients on the interaction term are significant and consistent with the predicted sign (see column 4); while
the income increase and its relation to productivity is not signiﬁcant
at continuing markets which is not surprising (see columns 5–6).
The coeﬃcients obtained from the “all markets” sample, shown in
columns 1–3, indicate both a price increase and an income increase
that arises due to the compositional effect. Lastly, the switching

6. Conclusion
This paper studies the relationship between quality and productivity under trade liberalization and highlights the heterogeneous
response across ﬁrms to import tariff reductions. We use highly disaggregated ﬁrm-product-level data and the shock of China’s entry
into the WTO to trace through the manner in which trade liberalization on intermediate inputs induced Chinese ﬁrms to upgrade their
input and output quality. We ﬁnd that quality upgrading is primarily
achieved by the initially less successful Chinese ﬁrms. In other words,
the chief beneﬁciaries of liberalized intermediate input tariffs are not
the initially most productive ﬁrms but are instead the less productive
ﬁrms that are operating in industries in which the scope for quality variation is the most pronounced. When initially more capable

Table 14
Heterogeneity in the effect of tariff reductions across different types of markets.
All markets

Continuing markets

Markets of entry vs. Exit

D ln(pfh )

D ln(Incomefh )

D ln(pfh )

D ln(Incomefh )

(4)

(5)

(7)

(8)

Dependent variable

DDuty
DDuty × ln(TFP)
Firm-level control
Industry-level competition control
Industry ﬁxed effect
Observations
R-squared

D ln(pfh )

D ln(Incomefh )

(1)

(2)
∗∗∗

−3.084
(0.930)
0.592∗∗∗
(0.202)
Yes
Yes
Yes
8971
0.019

−1.379*
(0.707)
0.271*
(0.150)
Yes
Yes
Yes
8741
0.009

(3)
−1.298*
(0.710)
0.257*
(0.150)
Yes
Yes
Yes
8741
0.008

−2.332
(0.870)
0.446∗∗
(0.187)
Yes
Yes
Yes
6994
0.017

∗∗∗

0.292
(0.282)
−0.035
(0.057)
Yes
Yes
Yes
6731
0.095

(6)
0.284
(0.289)
−0.031
(0.058)
Yes
Yes
Yes
6731
0.078

−3.970
(1.568)
0.855∗∗
(0.351)
Yes
Yes
Yes
4571
0.022

∗∗

−3.671
(1.652)
0.841∗∗
(0.365)
Yes
Yes
Yes
4387
0.018

(9)
∗∗

−4.102∗∗
(1.672)
0.910∗∗
(0.379)
Yes
Yes
Yes
4387
0.017

Notes: Robust standard errors corrected for clustering at the ﬁrm level in parentheses. The dependent variable in speciﬁcations (1), (4), and (7) is the (log) price change at the
ﬁrm-HS6 level. The dependent variable in speciﬁcations (2)–(3), (5)–(6), and (8)–(9) is the (log) income change at the ﬁrm-HS6 product level, where columns 2, 5, and 8 use mean
income and columns 3, 6, and 9 use median income. Columns 1–3, 4–6, and 7–9 correspond to all markets, continuing markets, and markets of entry versus exit, respectively.
All regressions include a constant term, ﬁrm-level controls, and industry-level competition control. Industry-level competition control refers to the change of Herﬁndahl index.
Firm-level controls include the changes between 2001 and 2006 in the following variables: TFP, capital intensity, average wage, and total employment. Industry ﬁxed effect is
computed at 2-digit CIC industry level.
∗∗∗
p < 0.01.
∗∗
p < 0.05.
∗
p < 0.1.
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ﬁrms run into diminishing returns to quality upgrading, it is precisely those lower productivity ﬁrms that are most likely to upgrade
the quality of their exports, increase the quality of their imported
intermediates, and upgrade their workforces. They are also more
aggressive in entering new, high income markets where demand for
high quality goods is strong along the extensive margin. As a result,
the gap between low and high productivity ﬁrms regarding their
quality performance would be reduced under an import tariff reduction. In this sense, trade liberalization appears to have evened the
playing ﬁeld with respect to ﬁrm performance.
To explain these facts, we developed a simple heterogeneous-ﬁrm
trade model that relates a ﬁrm’s input and output quality choice to
its imported intermediates and productivity. The model predicts that
low productivity ﬁrms are induced to raise their output prices and
quality more than high productivity ﬁrms do under a reduction in
import tariffs. Meanwhile, they increase input prices more for both
primary inputs and intermediate inputs than high productivity ﬁrms.
In addition, at the extensive margin, low productivity ﬁrms expand
destination markets by entering those with relatively strong demand
for high-quality goods. Those tariff reduction effects are more pronounced in industries where the scope for quality differentiation is
large.
Our ﬁnding has important policy implications that low productivity incumbent ﬁrms are potential winners from trade liberalization
and this alleviates the concern that trade liberalization hurts small
and less productive ﬁrms. There exists intriguing possibility that a
high level of protection may favor ﬁrms that are particularly well
suited for this environment.
Appendix A. Supplementary data
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jinteco.2017.10.001.
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