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1 | INTRODUCTION

Since entering the World Trade Organization (WTO) early this century, China has experienced re-
markable trade opening. The country‘s simple average tariff dropped from 15.3% in 2001 to 7.5% in
2017. China‘s trade liberalization brought huge changes in foreign and domestic markets, including
the rising quality and value added imbedded in exports and imports. China‘s exports have increased
rapidly, as noted by many studies in the literature. Increasing imports, which take off later than exports,
will be the next benefit of China‘s opening-up strategy. China is the second largest importing coun-
try, and its annual imports increased by more than four times between 2000 and 2016. The Chinese
government has launched several policies and activities to promote imports, especially consumption
goods, including holding the first China International Import Exposition and further reducing the
simple average tariff to 7.5% in late 2018.!
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Chinese firms have adjusted their strategies in response to the more liberalized circumstances. The
firms are more active in importing and exporting, invest more in research and development (R&D),
and are changing their importing and exporting decisions. For example, Liu and Qiu (2016) argue that
input trade liberalization hampers firm R&D in China. Tian and Yu (2016, 2017) find that Chinese
firms have increased export intensity (i.e., the ratio of exports to domestic sales) as a response to input
liberalization.

Among the various changes, the change in import sources is rarely studied, although it may have
an important impact on the map of international trade. Chinese firms that used to import a large pro-
portion of inputs from developing countries are switching to imports from developed countries. This
is happening not only because of the decline in processing trade in China, but also to meet the needs
of firm innovation and product upgrading. Many studies have documented that input tariff reduction
encourages import scope and import quality and lowers import prices, which further drives innovation
and leads to productivity and welfare gains, but the link behind this process is complicated and con-
troversial. In this paper, we shed some light on the first step of firms’ reaction to reduced input tariffs,
that is, how firms adjust their import sources and quality.

The paper shows that firms have engaged in import source switching and the importance of import
quality a Fan, Li, and Yeaple (2015). We use a matched data set of comprehensive transaction-level
trade and firm production data to generate a firm-level input tariff index, following Yu (2015). We fur-
ther distinguish the tariff imposed on developing country import sources. We find that, instead of pro-
moting imports from developing countries, the reduction in the tariff on developing country sources
has enhanced the shift of import sources toward developed countries. This finding suggests a strong
cost-saving effect of input trade liberalization. We further investigate the heterogeneous impacts on
firms with different levels of productivity, and show that less productive firms are more largely in-
fluenced to switch import sources than more productive firms. This impact is also true for firms in
high-technology industries and engaged in intensive innovation. To figure out the driving force of
the switching, we examine the impacts on different types of importers and find that most switching
has happened to new importers. This suggests that, as tariffs are reduced, more domestic firms are
stimulated to start importing high-quality inputs from developed countries to replace domestic inputs.

An important alternative explanation for source switching might be the decline of processing trade
in China since 2005. As Brandt and Morrow (2017) argue, to some extent, this decline can be at-
tributed to the reduced input tariff, which decreases the opportunity cost of engaging in ordinary trade.
This effect is unlikely to be important here, given that the sample ends in 2006, the starting year of
the decline in import-processing trade. We also compare capital-intensive and labor-intensive indus-
tries, and processing firms and capital goods-intensive importers to exclude the effect of the decline
in import-processing trade. We use the difference in the tariff as an instrumental variable to control
for endogeneity in the first-difference regressions, following Trefler (2004). The switching happens
not only in the intensive margin, but also in import scope. We show that input tariff reduction leads
to greater import scope from developed countries, and this finding is robust to different measures of
import variety and different types of firms.

To verify the mechanism of quality upgrading, we first generate a quality measure, following
Khandelwal (2010), which handles the impact on market price of idiosyncratic demand shock. We
take a further step to measure the quality function separately for ordinary firms and processing firms.
The impact shows that firm profit and relative import quality from developed country origins increase
as the input tariff decreases, suggesting that firms import higher quality goods from developed coun-
tries, outpacing imports from developing countries.

This paper is linked to the emerging literatures on imported intermediate inputs, innovation, and
trade liberalization. The literature documents that imported intermediate inputs have a strong impact
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on various dimensions of firm performance, including productivity (Amiti & Konings, 2007; Choi &
Hahn, 2013; Kasahara & Rodrigue, 2008; Topalova & Khandelwal, 2011; Yu, 2015), exports (Bas
& Strauss-Kahn, 2014; Kasahara & Lapham, 2013; Navas, Serti, & Tomasi, 2013), product scope
(Goldberg, Khandelwal, Pavcnik, & Topalova, 2010), quality (Fan et al., 2015), and outcomes in
downstream markets, like pricing and exchange rate pass-through (Bernini & Tomasi, 2015). Changes
in these dimensions have had enormous effects in improving productivity. For example, a wide range
of studies find that input trade liberalization is the strongest factor promoting productivity growth.
Amiti and Konings (2007) and Topalova and Khandelwal (2011) show that, compared with output
liberalization, input trade liberalization contributes two to 10 times more to productivity growth.
Kasahara and Rodrigue (2008) find productivity gain for Chilean firms that import intermediate
goods. Yu (2015) confirms this finding, using Chinese data and considering processing trade. Input
liberalization boosts firm productivity through several channels, including enhancing input quality,
augmenting competition, and increasing input varieties.

These findings have stimulated research on the mechanisms through which imported intermediate
inputs boost productivity. A large volume of research finds that productivity and welfare gains can
be explained by the increase in firm innovation, quality upgrading, and invention of new products,
which are encouraged by increasing imported intermediate imports, especially new imported variet-
ies (Arkolakis, Demidova, Klenow, & Rodriguez-Clare, 2008; Broda & Weinstein, 2006; Feenstra,
1994; Klenow & Rodriguez-Clare, 1997). Such mechanism may also act dynamically in the long
run, through further expansion of domestic input scope led by more imported varieties. For example,
Halpern, Koren, and Szeidl (2011) find that increased variety of intermediates generates productivity
gain among Hungarian firms. Goldberg, Khandelwal, Pavcnik, and Topalova (2009), Goldberg et al.
(2010) find that firms that are exposed to stronger input tariff reductions are more likely to introduce
new products and invest in R&D because of the newly available imported inputs, and 31% of firms’
product expansion could be attributed to the decline in input tariffs.

New imported inputs may promote innovation and productivity in several ways. The conventional
argument is that production technology responds to variety, such that increasing input varieties reduces
cost (Gopinath & Neiman, 2014; Kasahara & Lapham, 2013). Based on this assumption, Feenstra
(1994) develops a measure of the welfare gain from more input varieties. Using data on 20 countries
over 20 years, Broda and Weinstein (2004, 2006) show that the increase in imported varieties caused
by input trade liberalization reduces import prices, which in turn generates welfare gain. Other liter-
ature highlights the spillover effect of the advanced technology and higher quality embedded in new
imported inputs. Coe and Helpman (1995) and Keller (2002) verify the spillover effect empirically by
using country-level data. Seker, Rodriguez-Delgado, and Mehmet (2015) illustrate the spillover effect
theoretically. Our paper enriches understanding of the input quality channel, by demonstrating the
resource changes and quality improvement that result from imported intermediate inputs. We find that
firms switch from importing inputs from developing countries to importing inputs from developed
countries as input tariffs are reduced. The effect is most pronounced for new importers, suggesting a
higher probability of spillover from the increase in high-quality imported inputs.

Studies on how input cost reduction affects firm imports have drawn less attention than the research
on output and exports, but studies on input cost reduction provide more direct evidence on how firms
adjust and the effects on innovation and productivity. The change in import source is also the beginning
of changes in all follow-up firm behaviors, and how firms react in imports is critical for understanding
the impact of trade. Bas and Strauss-Kahn (2015) find a robust and significant increase in import and
export prices among Chinese firms that experienced input tariff reduction, and the results are signifi-
cant for firms sourcing imports from and selling output to developed countries. From the perspective of
how import origin changes, our paper highlights the increasing use of high-quality inputs imported from
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developed countries as a major approach of firms that exploit input tariff reduction to upgrade quality.
Furthermore, we suggest that trade distribution might be reshaped as a consequence.

The paper also fits into the literature on quality upgrading and firm innovation in China. Liu and
Qiu (2016) argue that input trade liberalization hampers firm R&D in China, while Tian and Yu
(2017) find the opposite effect. Lim, Trefler, and Yu (2018) examine firm innovation in China and
find that, overall, Chinese firms intensify their innovation once they are exposed to stronger compe-
tition and face larger market size. Feng, Li, and Swenson (2016) demonstrate that product upgrading
in imported inputs helped Chinese firms to increase their presence in export markets. They estimate
the benefit of increased use of imported inputs on firm exports, and find that firms benefit most when
the intermediate inputs are purchased from higher-income countries, facilitating exports to the pre-
sumably more demanding developed markets. In contrast to these papers, our work studies the result-
ing changes in China's import structure, which is important for the country's all-around opening-up
strategy since 2017.

The findings of this paper are also important for understanding the changes in global trade flows
associated with liberalization. As the second largest importing country, China's opening-up not only
affects China's trade, but also the distribution of trade flows across regions in the world. If trade liber-
alization in China boosts more trade between China and developed countries disproportionally, more
unparalleled changes between developed and developing countries—such as in labor markets and
welfare—can be expected to happen as a consequence.

The rest of the paper is organized as follows. Section 2 discusses the details of the data and data
sources. Section 3 presents the empirical findings. Section 4 concludes.

2 | DATA AND MEASUREMENT

The data used in the paper are a combination of two disaggregated data sets: the annual survey of
manufacturing firms in China and customs transaction-trade data. The two data sets provide rich in-
formation on firm production and trade. We take the data from 2000 to 2006, the period when Chinese
input tariffs dropped most significantly. This section presents a brief introduction to the data.

2.1 | Chinese firm-level production data

The annual survey of manufacturing firms is carried out and maintained by China's National Bureau
of Statistics. The survey includes all state-owned enterprises and non-state-owned enterprises whose
annual sales exceed RMB 5 million (U.S.$830,000). The data cover complete information from three
major accounting statements (i.e., balance sheet, profit and loss account, and cash flow statement),
including firm output, profit, R&D, and inputs of labor, capital, intermediate inputs, and so on.

We started by applying stringent filters to clean the data, especially to exclude noisy and mis-
leading data from the samples as a result of misreporting by some firms. We followed the criteria in
Feenstra, Li, and Yu (2014) to omit outliers. First, we dropped observations where key financial vari-
ables were missing (such as total assets, net value of fixed assets, sales, and gross value of the firm's
output productivity). Second, firms with fewer than eight workers were removed, since those firms fall
below the legal regime, as mentioned in Brandt, Biesebroeck, and Zhang (2012).

Next, we screened the data according to the basic rules of the Generally Accepted Accounting
Principles. Observations were excluded if any of the following were found: (1) liquid assets were
greater than total assets, (2) total fixed assets were greater than total assets, (3) the net value of fixed
assets was greater than total assets, (4) the firm's identification number was missing, or (5) the date
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when the firm was established was invalid (e.g., the opening month was later than December or earlier
than January). The data were reduced by about 50% for each year to guarantee quality under the strict
cleaning.

We exclude trading companies from the sample in all estimations to ensure the preciseness of the
estimations. In particular, firms named with any Chinese characters for a trading company and import-
ing and exporting companies are excluded.

2.2 | Chinese production-level trade data

The transaction-trade data are extremely disaggregated, at the Harmonized System (HS) eight-digit
product level, obtained from China's General Administration of Customs. The data set records rich in-
formation on each export or import transaction for all trading firms, including trading price, quantity,
value, and trade mode, which distinguishes processing trade from ordinary trade. From these data, we
know the import value of each product from each original country, which we further use to construct
the firm average input tariff.

We merged the manufacturing firm data and customs data. We used the firms’ name-year, zip
code, and the last seven digits of the telephone number to merge the two data sets. The merged data
skew toward large firms, as the matched sample has more exports, more sales, and more employees.
The details of the approach are introduced in Yu and Tian (2012) and Yu (2015).

2.3 | Measurement of firm-level tariffs

Using the trade data, we measure the average intermediate input tariff faced by a single firm, as in Yu
(2015). The firm-specific input tariff index is based only on nonprocessing imports (O), given that
processing imports enjoy free duty in China, as follows:

mik,initialjear

FIT'lt = Z Tkt’
keo ZkGM mik,initial_year

where My inisiar_yeqr 1 firm i's imports of product & in the first year the firm appears in the sample. M is
the set of the firm's total import varieties. The import weight for each product in the index is fixed at
the firm's initial year in the sample to avoid endogeneity, following Topalova and Khandelwal (2011).
Because imports might be reduced to zero by prohibitive tariffs, using import weights measured in
current period firm tariffs would generate a downward bias.

To capture precisely the impact of input trade liberalization on imports from developing countries,
we decompose imports from developing countries and construct the import tariff based on developing
country sources using a similar approach. The weight in the following index is the import share of

each import from developing countries.

poor
ik,initial_year

FIT!"" = Ty
" kezo ZkeM Mk initial_year '

To fit with the related empirical literature, we also consider two dimensions of trade liberalization
other than input tariff reduction, following Goldberg et al. (2010) and Topalova and Khandelwal
(2011): (i) home (i.e., China) tariff cuts on final products, such as textiles and garments, namely
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output tariffs; and (ii) tariff cuts in the foreign destination country (i.e., the United States), namely,
external tariffs. The first dimension increases competition in the home market, and the second dimen-
sion enlarges markets. The output and external tariffs are generated at the two-digit Chinese Industry
Classification (CIC) industry level. We average the tariffs of the HS six-digit products within each
CIC two-digit industry code according to Amiti and Konings (2007).

We begin by showing some stylized facts on input tariffs and the pattern of imports. Figure 1 shows
the correlation between the import share from developing countries and the input tariff. A positive
correlation implies that input tariff reduction is associated with lower import scope share and value
share from developing countries, which is consistent with our finding that imports are switched to
developed countries as input trade liberalization occurs. In Figure 2, we demonstrate the time trend of
imports from developing and developed countries. Imports from both sources increased rapidly after
China entered the WTO; however, as trade opens up, imports from developed countries are always
greater than those from developing countries, and the gap is increasing as well.

Table 1 presents the summary of statistics for the major variables used in the empirical analysis. On
average, firms import 28% of the imported inputs from developing countries and firms import greater
product scope from developed countries than from developing countries.

3 | EMPIRICAL FINDINGS

Before we start the firm-level estimation, we first use the transaction-level customs-trade data to
take a preliminary look. In Table 2, we regress import value on the product-level input tariff. We
control for firm total factor productivity (TFP), using Olley and Pakes’ (1996) approach, following

«©
o
©
<
N
o
T T I T
0 2 4 6 8
Firm Input Tariff
. Import Scope Share L] Import Value Share
Fitted values ————— Fitted values

FIGURE 1 Firm input tariff, import scope, and import value
Note: Firm input tariffs are measured in percentage (horizontal axis). [Colour figure can be viewed at
wileyonlinelibrary.com]
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FIGURE 2 Imports from developed and developing countries
Note: Numbers in vertical axis are in dollar. [Colour figure can be viewed at wileyonlinelibrary.com]

Yu (2015), where we take into account firm export status and trade mode in the estimated productivity
function. We use system generalized method of moments (GMM) and its normalization as an alterna-
tive measurement of TFP in the robustness checks later in the paper. In column (1) of Table 2, after
controlling for industry-level output tariffs and tariffs charged by foreign countries, we show that a
lower input tariff is associated with a higher import value. In columns (2) and (3), we separate the

TABLE 1 Summary statistics

Variable Mean Std. Dev.
Log firm labor 5.456 1.167
Firm TFP (Olley—Pakes) 1.122 0.382
Foreign indicator 0.569 0.495
SOE indicator 0.021 0.142
Log firm import 12.018 2.954
Import share from developing countries 0.281 0.378
Firm product—country import scope 17.664 44.532
Firm product—country import scope from developed countries 15.343 35.507
Firm product—country import scope from developing countries 8.372 21.024
Home input tariff (firm level) 3.24 5.922
Home input tariff from developing countries 1.379 3.724
Home output tariffs (industry level) 0.117 0.056

Foreign tariffs (industry level) 0.096 0.048
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samples into two groups: imports from developed countries and developing countries, respectively.
The results show that input tariff reduction favors imports from developed countries more than those
from developing countries, suggesting that the import share from developed countries may be en-
hanced. In columns (4) and (5), we control for firm fixed effects, and the results are similar.

To explore firm behavior, we use firm-level data to examine how input tariff cuts affect import
sourcing from developing and developed countries. We are interested in the resulting effect on the im-
port share from developed countries. We also separate the tariff on developing country sources from
the conventional average tariff, to compare the impacts of boosting imports from developed countries
and developing countries. The following equation expresses our benchmark empirical specification,
rich is the import share from developed countries of firm i in year #, FIT*”" is the av-
erage import tariff of firm i in year ¢ for imports from developing countries (constructed earlier), @,
is the productivity of firm i in year 7, X;, is the industry-level output tariff and external tariff of firm i
in industry j and year ¢, w; and #, are firm-level and year-level fixed effects, respectively, and y;, is the
firm-level idiosyncratic shock.

where impshare

impshare”= B+ B, FIT!”" + B, FIT"*"" X ¢p
+030;,+0X;, + @, +1,+ .

it

We report the results of the benchmark regressions in Table 3. In column (1), the import share
from developed countries increases as the import tariff on developing country imports decreases. This
suggests a switch of imports from developing countries to imports from developed countries, led by
input tariff reduction on developing countries. In columns (2) and (3), we introduce firm productivity
to control for its impact on firm imports. In column (2), we use the system GMM method to estimate
TFP, and in column (3), we normalize the TFP to range from O to 1 to make it comparable across in-
dustries. The impact is still significant and robust. In column (4), we add the interaction term of input
tariff and TFP, and we find the impact of tariff reduction is more pronounced for firms with lower
productivity. The reason might be that firms with higher productivity were less financially constrained
by the high level of input tariffs before the tariff reduction. In columns (5) and (6), we replace TFP
measurement with a dummy indicating high TFP firms if their TFP measure is greater than the indus-
try mean. We redo the regressions in columns (3) and (4), and the results are unchanged.

In Table 4, we investigate the mechanism behind the results. First, we check whether the impact
exists for firms in all industries owing to cost saving, or whether the tariff cut only enables firms in
high-skill industries to innovate and upgrade production. We examine the impact on skill-intensive
firms in the first three columns in the table. In column (2), we use samples with positive R&D, and
in column (3), we look at firms with a positive number of patents. The results show that the impact
is similar for skill-intensive firms to the overall firms shown in column (1), indicating that upgrading
exists universally.

Next, we regress by firm import status to find the strongest driving party. In columns (4) to (6),
we regress for new importers, always importers, and importers who exit in the next year. The results
show that the impact on new importers is more pronounced than on the other two types of firms.
This finding provides a hint that input tariff reduction encourages more firms to start importing from
developed countries than developing countries. This result is consistent with previous findings that
highlight the effect on adjustment at the extensive margin under trade liberalization (Bernard, Jensen,
Redding, & Schott, 2007).
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However, the results could also be driven by the decline of processing trade. Brandt and Morrow
(2017) argue that China's processing trade has declined since 2005, because input tariff reduction
reduces the opportunity cost of doing ordinary trade. To nullify this channel, we separate the samples
into labor-intensive and capital-intensive industries, given that processing trade is more concentrated
in labor-intensive industries. The results in Table 5, columns (1) and (2), are significant, and the
economic magnitudes are close. Furthermore, we check the effect on processing firms and capital
goods importers separately in columns (3) and (4), where we still find a consistent and robust result,
as in previous studies. All the findings suggest that the processing trade is not a challenge to our
interpretation.

Next, we study the impact of input tariff reduction on firm imports from the extensive margin,
namely, import scope. Product variety is defined at the product—country level, and the estimation
results are shown in Table 6. In the first two columns, we regress, respectively, the import scope from
poor countries on input tariffs by using negative binomial estimation to deal with the count data issue.
We find that when input tariffs decrease, import scope from poor countries is squeezed out. This
verifies our argument that input trade liberalization fosters firms to switch importing from developing
countries to developed countries, from the extensive margin.

To show the negative nexus between firm tariffs on poor countries’ inputs and firm's import share
from rich countries more directly, in column (3) we regress the import share from rich countries on
input tariffs, and in column 4 we use the Tobit method instead of ordinary least squares to correct the
bias from sample truncation, and we also find a robust result. Moreover, most of the Chinese imports
are from Asian countries, among which Association of Southeast Asian Nations (ASEAN) countries
are the most important import-processing sources. ASEAN free trade agreement tariffs have dropped
significantly, and trade was largely boosted. So, to exclude the impact through the decline in process-
ing trade, we regress the import scope share from rich Asian countries in addition to that from ASEAN
countries. Similar to our previous finding, we find that input tariff reduction for poorer countries pro-
motes firms to import more from rich Asian countries relative to ASEAN countries.

Since the firm average input tariff is constructed by using the import weight of each input variety,
the weight might be correlated to the import share from richer countries owing to time serial correla-
tion of unobservable shock, although we fix the weight at the initial year in all the regressions. To
handle the possible endogeneity problem, we use the one-year lag of tariffs as the instrument for the
first difference in the tariff, following Trefler (2004). The results are shown in Table 7. In column
(1), we show that the more the input tariff is reduced, the more the import share from rich countries
increases. In column (2), we control for firm TFP as well, where TFP is measured using the system
GMM method, and the result does not change. In columns (3) and (4), we use normalized TFP, and
in column (4), we add an interaction term for poor countries’ input tariff and firm TFP, to test the
heterogeneous effect. We find that a greater reduction in the input tariff leads to a greater increase
in the share of imports from richer countries, and the effect is more pronounced for less productive
firms. In the last two columns, we replace the TFP measure with a dummy for high-productivity firms,
generated as in Table 3, and redo columns (3) and (4) and obtain robust results.

Next, we investigate the mechanism of innovation. Import quality from developed countries, com-
pared with that from developing countries, should be disproportionally boosted by lower input tariffs,
if the scenario is true that firms exploit input tariff reductions to innovate and upgrade quality. To test
this, we first follow Khandelwal (2010) to construct a measure of import quality as follows:

log s, =4y g+ Ay, +a, l0g p ., +ay logns , + A3 s
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So =4 /market;, is the import share of product A in industry i from country ¢ in year f.

market,,= Y. q,,/impen,, is the market size, where impen,, refers to industry i's import penetration.
chei
NSopy =Gt/ D Qo 18 the net share of product /2 from country ¢ in total imports of product 4. The es-
cheh
timated residual is considered as the product—country—year import quality, as follows:

o~~~

At =M en+ Aoent A3, 0n-

We estimated import quality for each CIC two-digit industry, separating for processing and ordi-
nary imports, respectively.

Next, we examine the input tariff reduction and import quality in Table 8. In column (1), we find
that reduced input tariffs generate greater returns on assets, implying that input tariff reduction saves
cost and generates higher profit. We also control for other tariffs, including output tariffs and industry-
level external tariffs charged by other countries. In columns (2) and (3), we regress firm input quality
on input tariff and poor countries’ input tariff, respectively, and the results show that import quality
is improved as the input tariff decreases. In column (4), we further examine the impact on the quality
ratio of imports from developed countries over developing countries. In column (5), we add the return
on assets (ROA) and its interaction with tariffs, to control for the impact of firm productivity and
profit. The results show that poor countries’ input tariff reduction boosts the ratio of relative import
quality from developed countries to developing countries. We also find that the impact is the same for
firms with different ROAs, suggesting that there might be other channels to improve import quality
other than profit.

4 | CONCLUSIONS

In this paper, we used comprehensive firm-level production and trade data of Chinese manufacturing
firms to examine how input tariff reduction changes firm import behavior. We find that importing
firms switch sources from developing countries to developed countries as the input tariff is reduced.
This impact is prevalent among different types of firms, including processing firms and ordinary
firms, and firms in labor-intensive and capital-intensive industries, but among the different importers,
new importers benefit the most from tariff reduction.

We also show that the impact exists at the intensive margin and the extensive margin, that is,
import value and scope shift toward developed countries as the input tariff decreases. We further ex-
plored the mechanism behind this result, which, consistent with the findings of the previous literature,
can be attributed to the innovation and quality upgrading encouraged by lower input cost. Specifically,
we find that there is a larger boost in import quality from developed countries compared with that from
developing countries. and after taking care of the endogeneity problem and several robustness checks,
we show that the findings are significant and robust.

This paper enriches the study of input liberalization and firm innovation and provides direct evi-
dence of the change in import pattern. The results remind us that the distribution of the world trade
flow may be affected by China's opening-up as well, in the sense that more trade within developing
countries may be replaced with trade between developing and developed countries.
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