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Abstract

This paper proposes a new mechanism through which trade liberalization affects
income inequality within a country: the use of imported inputs. Intuitively, a firm with
higher initial productivity is better at using higher quality foreign inputs. This justifies
paying the fixed costs for a larger set of imported inputs when input tariff liberalization
decreases their relative price. The firm becomes more import intensive, which enhances
its productivity advantage. As a result, the firm hires higher quality workers, produces
higher quality products and pays higher wages to its workers, increasing within-sector
wage dispersion. We find that both the mean and the dispersion of the distribution of
firm productivity, markup and size went up during a period when China reduced its
tariffs on imported inputs. More importantly, these results still hold when we consider
the subset of firms that survived throughout the sample period, from 1998 to 2007. In
addition, we develop a partial-equilibrium, heterogeneous-firm model with endogenous
imported inputs and labor quality choice that is consistent with these observations.
Finally, we provide empirical evidence that supports the model’s prediction that the
differential change in the import intensity of firms with different productivity levels
explains these patterns.
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1 Introduction

The traditional Heckscher-Ohlin model predicts that countries export goods that use in-
tensively the factor they are most abundantly endowed with. According to the Stolper-
Samuelson theorem, trade increases the relative return to unskilled labor in developing coun-
tries, decreasing wage inequality. However, that prediction is at odds with many empirical
findings. Take China as an example, the overall wage inequality, measured as the difference
between the 90th and the 10th percentile of the log wage distribution, has been going up
consistently in the last two decades, as found in Han et al. (2012). This period of rapid wage
inequality increase coincided with China’s implementation of dramatic economic reforms and
an open door policy that promoted its trade with the rest of the world. So two important
questions arise: did trade liberalization contribute to China’s rising wage inequality? If so,
through which channels?

New theoretical developments have been made to provide insights into the effects of trade
on wage inequality. Most prominently, Verhoogen (2008) proposes the quality-upgrading
mechanism as an explanation. In his model with heterogeneous plants and quality differ-
entiation, an exchange-rate devaluation leads more productive Southern plants to increase
exports, upgrade quality, and raise wages relative to less productive ones, increasing within-
sector wage dispersion. In this chapter, we propose an alternative mechanism: the use of
imported inputs. Intuitively, a firm with higher initial productivity is better at using higher
quality foreign inputs. This justifies paying the fixed cost for a larger set of imported inputs
when input tariff liberalization decreases their relative price. The firm becomes more import

intensive, which enchances its productivity advantage. As a result, the firm hires higher



quality workers, produces higher quality products and pays higher wages to its workers, in-
creasing within-sector wage dispersion. We aim to empirically distinguish these mechanisms
in the data, as they each have different welfare and policy implications.

First, we use ASIF (Annual Survey of Industrial Firms) from China’s National Bureau
of Statistics that report key operational data on Chinese manufacturing firms to document
some stylized facts that are both new and interesting. We find that both the mean and
the dispersion of the distribution of firm productivity, markup and size went up during a
period when China reduced its tariffs on imported inputs. More importantly, these results
still hold when we consider the subset of firms that survived throughout the sample period,
from 1998 to 2007. Therefore, openness to trade has fundamental effects on the underlying
characteristics of firms. Most of recent models of firm heterogeneity assume that these
characteristics are fixed and examine the impact of trade on aggregate variables, for example,
the average productivity of firms in the economy as a result of change in the composition of
surviving firms. On the contrary, we study the differential impact of trade liberalization on
heterogeneous firms allowing these characteristics to be endogenous.

We measure firm-level TFP based on OLS, Olley and Pakes, Levinsohn and Petrin, and
Ackerberg, Caves and Frazer to ensure that our estimate of firm productivity is as accurate
as possible. For firm-level markup calculation, we adopt De Loecker and Warzynski (2012),
which is the best available method that we can use given our data limitaitons. We consider
both a Cobb-Douglas gross output production function, and more generally, a translog gross
output production function, which matches the data much better. Finally, we measure
firm size both in terms of output value and total employment as a robustness check. The

empirical patterns are very similar when we use different approaches to measure these three



key firm-level variables.

Second, we develop a partial equilibrium, heterogeneous firm model with endogenous
imported inputs and labor quality choice that is consistent with these observations. On the
demand side, we adopt the “quality-Melitz” model in Kugler and Verhoogen (2012), where
higher price decreases demand but higher quality increases demand. On the supply side,
firms differ from each other in the usual dimension of productivity, as in Melitz (2003). In
our model, firms combine labor and intermediate inputs to produce physical quantity, in
the spirit of Amiti et al. (2014). Output quality, on the other hand, is determined by labor
and input qualities, and the advantage of imported inputs over domestic counterparts is
augmented by a firm’s own productivity. Since Amiti et al. (2014) focus on exchange rate
pass-through, and assume that firms do not foresee fluctuations in exchange rates, they hold
the set of imported inputs of each firm fixed. We, on the other hand, study precisely how
firms adjust the set of foreign varieties they import in response to input tariff liberalization
and changes in firm-level variables that follow. Consequently, our model deviates from theirs
in obvious ways, which we explain in more detail in the theory section.

Finally, we use Chinese Customs Data on imports and exports, which provide detailed
information on the universe of China’s firm-level trade transactions for the years 2000 to
2006, to highlight firms’ different responses to a dramatic decrease in import tariffs. These
observations emphasize the large and growing importance of trade in intermediates, and
provide some empirical evidence that supports our hypothesis that the differential change in
import intensity of firms with different productivity levels in response to input tariff liber-
alization explains the increase in both the average and the dispersion of firm-level variables

that are observed in the data.



Although the main focus of this chapter is to show that input tariff liberalization af-
fects firms at different levels of productivity in a heterogeneous way, which drives their
performance further apart, our results have broader implications. Essentially, we provide
a framework in which the differential impact of any element of globalization that leads to
a decrease in the marginal cost of production on firm-level characteristics can be analyzed.
Our detailed and very disaggregated transaction-level trade data allow us to quantify the

impact of such a change during a period when the change was very large in magnitude.

2 Related Literature

This chapter is related to several strands of literature. First, there have been studies on
the labor market effects of international trade based on recent models of firm heterogeneity,
and they ask how trade liberalization affects wages and wage inequality. For example, Amiti
and Davis (2012) develop a model, which predicts that a fall in output tariffs lowers wages
at import-competing firms but boosts wages at exporting firms, and that a fall in input
tariffs raises wages at import-using firms relative to those that only source inputs locally.
They find support for the model’s predictions in Indonesian manufacturing census data for
the period 1991-2000. Like us, they take explicit account of firm-level heterogeneity and
importance of trade in intermediates. Extending the heterogeneous firm model of trade and
inequality from Helpman et al. (2010), Helpman et al. (2017) show that much of overall
wage inequality arises within sector-occupations and for workers with similar observable
characteristics, and wage dispersion between firms is related to firm employment size and

trade participation. They again emphasize the importance of employing recent models of



firm heterogeneity in analyzing the contribution of trade to the cross-section dispersion of
firms. Frias et al. (2012), on the other hand, offer some empirical evidence that sorting
on individual worker ability is not enough to explain the relationship between exporting
and wages at the plant level. They use a combination of employer-employee and plant-level
data from Mexico, and show that approximately two-thirds of the higher level of wages in
larger, more productive plants is explained by higher levels of wage premia, and that nearly
all of the differential within-industry wage change is explained by changes in wage premia.
They use the late-1994 Mexican peso devaluation as a source of exogenous variation in the
incentive to export, while we use import tariff reductions due to China’s accession to the
WTO in December 2001 as our exogenous variation. On the contrary, Krishna et al. (2012)
find an insignificant differential effect of trade openness on wages at exporting firms relative
to domestic firms, using detailed information on worker and firm characteristics to control
for compositional effects and allowing for the endogenous assignment of workers to firms.
While these papers focus on the effects of trade liberalization on the labor market, we look at
other firm-level characteristics, and ask how they are affected, and the resulting implications
on wage inequality in China.

Second, our theoretical model borrows insights from a burgeoning research literature on
firm import behavior, which has not been extensively studied before. Most importantly,
evidence has been found in a wide range of countries that firm productivity rises when a
firm imports new input varieties. For example, Kasahara and Rodrigue (2008) conclude
that becoming an importer of foreign intermediates improves productivity using plant-level
Chilean manufacturing panel data. At the same time, Halpern et al. (2015) find that im-

porting all foreign varieties would increase firm productivity by 12 percent, and that during



1993-2002, one-third of the productivity growth in Hungary was due to imported inputs by
estimating a model of importers in Hungarian micro data and conducting counterfactual pol-
icy analysis. Bas and Strauss-Kahn (2014), on the other hand, use a firm-level database of
imports provided by French Customs for the 1995-2005 period, and find a significant impact
of higher diversification and increased number of imported input varieties on firm-level TFP
and export scope. They argue that importing more varieties of intermediate inputs increases
firm productivity and thereby makes a firm more able to overcome the fixed export costs.
Our model predicts that a firm with higher initial productivity has a stronger incentive to
expand its set of imported varieties when it faces lower tariff rates, which then makes it even
more productive, explaining the empirical patterns observed in the data.

Third, we want to point out that these findings cannot be explained by any previous
studies on heterogeneous firms. We discuss briefly a few important papers on the subject.
To start with, the workhorse model developed in Melitz (2003) assumes that the preferences
of a representative consumer are given by a C.E.S. utility function over a continuum of goods,
so each firm chooses the same profit maximizing markup which is constant. After paying
fixed entry costs, firms draw their initial productivity parameter, which does not change
over time. As a result, the mean and the dispersion of the productivity distribution of a
balanced panel of firms remain the same, which is not what we observe in the data. Gains
from trade in this model come from expansion in product varieties, and more importantly,
the self-selection of more efficient firms into exporting. Relaxing the C.E.S. assumption,
Arkolakis et al. (2015) study how variable markups affect the gains from trade liberalization
under monopolistic competition, and they show that the welfare effect of a small trade shock
is given by dlnW = —(1 — n)@ , where X is the share of expenditure on domestic goods,
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and € is an elasticity of imports with respect to variable trade costs, and 7 is a structural
parameter that depends, among other things, on the elasticity of markups with respect to
firm production. Although they consider variable markups like us, they assume that firm-
level productivity is the realization of a random variable drawn independently across firms
from a distribution, which is unbounded Pareto, and it is fixed over time. Instead of a
counterfactual analysis that focuses on the welfare effect of a particular shock, Feenstra and
Weinstein (2010) use a translog demand system to measure the effects of new varieties and
variable markups on the change in the U.S. consumer price index between 1992 and 2005.
That is, they use observed trade data to infer changes in particular components of the U.S.
price index. Their results highlight the importance of taking into account the implications
of pro-competitive effect of trade. However, they ignore the impact of trade on productivity
since that is not the main focus of their paper. On the other hand, Feenstra (2014) shows that
self-selection of more efficient firms into exporting is the only source of welfare gains when
using a Pareto distribution for productivity with a support that is unbounded above. He
restores a role for product variety and pro-competitive gains from trade, but still assumes
that firms receive a random draw of productivity from a Pareto distribution, which does
not change. Finally, borrowing insights from Melitz (2003) that trade openness increases
volatility by making the economy more granular since only the largest and most productive
firms export, while smaller firms shrink or disapper, Di Giovanni and Levchenko (2013) show
that when the distribution of firm sizes follows a power law with an exponent close to -1, the
idiosyncratic shocks to large firms have an impact on aggregate output volatility. In their
model, these firm-level idiosyncratic shocks may explain the observed increase in dispersion

of firm size distribution, but they do not provide a microfoundation to explain why both the



mean and the standard deviation of the distribution go up in a systematic way since they
assume i.i.d. transitory shock. Essentially, these theoretical papers consider the effect of a
change in the exogenous distribution of firm productivity, while we take firm productivity
as an endogenous variable. Therefore, we are able to add something new and interesting to

the conversation about the impact of trade based on recent models of firm heterogeneity.

3 Data

The first dataset, Chinese Customs Data on imports and exports, provides detailed informa-
tion on the universe of China’s firm-level trade transactions for the years 2000 to 2006. In
addition to firm identifiers, this dataset includes information on many important transaction
characteristics, including customs regime (e.g. processing trade or ordinary trade), 8-digit
HS product code, transaction value, quantity, and source or destination country. Using firm
identifiers provided in the dataset, we construct key variables that describe firm-level im-
ports and exports. Figure I illustrates the customs declaration form that a firm has to fill
out if it intends to import from or export to foreign countries.

The second key dataset is from China’s National Bureau of Statistics, which conducts
firm-level surveys on manufacturing enterprises. These data collected from Chinese firms
include key operational information, such as firm employment, ownership type (e.g. state-
owned enterprise, foreign invested firm, or private firm), sales value, R&D expenditure and
industry. Merging the firm-level data with the transaction-level data is challenging because
firm identifiers used in the two datasets are different. Nevertheless, since both datasets

include extensively detailed firm contact information (e.g. company name, telephone number,



Figure I: Customs Declaration Form
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zip code, contact person), we merge them using zip codes and the last seven digits of a
firm’s phone number, following Yu (2015). In this way, we are able to generate firm-level
observations that combine information on the trade with the operational activities of Chinese
firms. Table I compares some of the main characteristics of merged and unmerged firms,
and they look very similar on average in terms of employment, sales, value added per worker

and TFP, mitigating our concern about sample selection bias.

Table I: Comparison of Merged with Unmerged Firms in the Data

Merged Firms Unmerged Firms
Log Employment [?:g] [?%%
o i
Value Added per Worker [2802?322] [17417"5689]
TFP (Olley Pakes) é?g] [leg]




4 Stylized Facts

To motivate our theoretical model, we first present some stylized facts about the change in
firm-level productivity, markup and size during a period of large scale trade liberalization.
We focus on a balanced panel, that is, the set of manufacturing firms that survived the entire
sample period, from 2000 to 2006, since we are interested in the within-firm change due to
open trade. Unlike most previous literature that only looks at how these variables change
on average, we also consider the change in dispersion, and argue that the sample mean is no
longer sufficient to explain the impact of trade liberalization on firm performance and the
resulted wage inequality within a country. We find that both the mean and the standard

deviation of these three variables go up during this period.

4.1 Productivity

We measure firm-level TFP based on a few different approaches. Besides simple OLS, we
first use Olley and Pakes (OP), a method for robust estimation of the production function
allowing for endogeneity of the inputs, selection and unobserved permanent differences across
firms. Essentially, they use investment to proxy for firm productivity shock in the first stage,
and then use semi-parametric selection correction to correct for endogenous exit. We extend
the traditional OP procedure by including an exporter dummy, following Amiti and Konings
(2007). Second, we use Levinsohn and Petrin (LP), which instead of investment, use material
expenditures as proxy for productivity shock, since investment is zero for many firms. Finally,
we adopt Ackerberg, Caves and Frazer, a GMM procedure using orthogonality of lagged labor

and productivity shock. They argue that labor and investment in OP, or labor and material

10



expenditures in LP are likely to be collinear. All of these approaches give us very similar
measures of TFP, so we report only the results based on OP and LP. However, we want to
point out that these TFP measures are still subject to the usual criticism, that is, they are
a residual that lumps together many things: technical efficiency, markups, input and output
quality and measurement error. We do not address these issues directly here since that is
not the focus of this chapter. With better data, on the other hand, a more robust measure
of firm-level TFP is possible.! Note that there is an increase in both the mean and the

dispersion of firm-level productivity.

Table II: Productivity, 1999-2007 Pooled

| Specification Average TFP (Standard Deviation) \ Median TFP |
LP 3.68 (1.09) 3.7
OoP 4.61 (1.02) 4.59

Table III: Productivity, 1999

| Specification Average TFP (Standard Deviation) \ Median TFP |
LP 3.32 (1.03) 3.37
opP 4.16 (0.92) 4.18

Table 1V: Productivity, 2007

| Specification Average TFP (Standard Deviation) \ Median TFP |
LP 4.00 (1.18) 1.03
opP 5.08 (1.09) 5.09

1See De Loecker (2013).
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Figure II: Balanced Panel TFP Estimation

Panel A: Levinsohn-Petrin Panel B: Olley-Pakes
Lﬁ! o4
! <
0 o J
2"
0w
=
N B
Q4 o
T T T T T T T T
-0 -5 0 ] 10 0 5 10
TFP tip_op_va_FX
— LP 1999 —— 0P 1999
— LP 2007 — 0P 2007
kernel = epanechnikov, bandwicth =0.1189 kemel = epanechnikov, bandwidth = 0.1008
4.2 Markup

To estimate firm-level markups, we adopt the method in De Loecker and Warzynski (2012).
Their approach relies on cost-minimizing producers and the existence of at least one variable
input of production. This empirical framework relies on the estimation of a production func-
tion and provides estimates of plant-level markups without specifying how firms compete
in the product market. There are several advantages in using their method. First, their
markup estimates are obtained using standard production data where output, total expen-
ditures on variable inputs, and revenue at the plant level are observed. Second, and more
importantly, we are able to relax a few key assumptions maintained in previous empirical
work. For example, we do not need to impose constant returns to scale, or to observe and
measure the user cost of capital.

Below is a brief summary of their empirical model. Suppose a firm ¢ at time ¢ produces
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output using the following production technology:

Qi = Que(Xit, ., Xif , K;

it » Vit wz‘t)

(1)

Assuming that producers active in the market are cost minimizing, we can therefore consider

the associated Lagrangian function:

14
L( Xy oo X s Kty Nit) = Z B X+ ra ki + Xa(Qu — Qur()) (2)
v=1

where P "and r;; denote a firm’s input price for a variable input v and capital, respectively.

The first-order condition for any variable input free of any adjustment costs is:

OLi _ e, 9Qu()

XU
= PX" - A\l = 0
oxy CoxY

(3)

where the marginal cost of production at a given level of output is A, since % = \it.

Rearranging terms and multiplying both sides by % generates the following expression:

angf Qit Ait Qit

Define the markup, p;;, as puy = f’:, we can rewrite equation (3.4) as:

PXX;
OX =y, " 5
T PyQu ©)

where the output elasticity w.r.t an input X is denoted by 6. As a result, we obtain an

expression of the markup as follows:

pie = 05 (i)™
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where o is the share of expenditures on input X;; in total sales, P;;Q;;.

Empirically, we consider two variations of the production function, a Cobb-Douglas gross
output production function and a translog gross output production function. In the second
case, the production function we take to the data, and estimate for each industry separately,

is given by:

Yie = Bilit + Bmmis + Bikis + Bully + Bmmmiy + Bk + Bimliemis + Bilickic + Brpmickis

+Bmpmitkirlis + wir + €t (7)

where ¢; are unanticipated shocks to production and i.i.d. shocks including measurement
error.

We follow Levinsohn and Petrin (2003) and rely on material demand,

My = mt<kita Wit Zit) (8)

to proxy for productivity by inverting m,(.), where we collect additional variables potentially
affecting optimal input demand choice in the vector Z;;. We include a firm’s export status,
for instance, in the control function.

In the first stage, we run:

Yir = Ge(lit, Kit, Mty 2it) + €it (9)

where we obtain estimates of expected output (@) and €;. Expected output is given by:
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G = Bilis + Bmmir + Brkic + Bull, + Bmmmiy + Briki + Bimlismis + Bulickic + Brgmickis

+ Brnpimitkiclic + he (Mg, Kty 2it) (10)

The second stage provides estimates for all production function coefficients by relying on the

law of motion for productivity:

wit = gr(wit—1) + Git (11)

After the first stage, we can compute productivity for any value of 3, where

B - (ﬁla Bka ﬂmv ﬁll; 6kk7 6mm7 /Blmy ﬁlk; Bmka ﬂmkl)

using w; () = Qgit = Bilit — Brmis — Brkir — @llizt - 6mmm@2t - Bkkk?t = Bimliemir — Biwlikis —
Binkmitkic — Bmgimitkicliz.-
By nonparametrically regressing w;;(5) on its lag, wy—1(8), we recover the innovation to

productivity given 3, (;(3).

We can now form moments to obtain our estimates of the production function parameters:
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lit—1

mit—1

m?t—
E(Qt(ﬁ) ' ) —0 (12)
k7,

Lig—1mis—1
Lit—1kit

mi—1Kit

lit—1mit—1kit
We apply the standard GMM techniques and rely on block bootstrapping for the standard
errors.

Output elasticities are computed using the estimated coefficients of the production func-

tion. For instance, output elasticity for material is given by:

OM = By, + 2Bt + Bunlit + Bkt + Bkl (13)

As mentioned above, we do not observe the correct expenditure share for material, m;;,
directly since we only observe @, which is given by Qiuexp(ey). The first stage of our
procedure does provide us with an estimate of ¢;;. and we use it to compute the expenditure

share as follows:

PMm,

~M t it

ajf = (14)
exp(eit)
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We obtain an estimate of markup for each firm 7 at each point in time ¢ using (3.6) as
pi = 0M (&M=, while allowing for considerable flexibility in the production function, con-
sumer demand, and competition. The estimation procedure is essentially the same when we
consider a Cobb-Douglas gross output production function. We simply drop higher-order
and interaction terms. We assume labor to be either a fully flexible input, that is, a control
variable correlated with contemporaneous productivity shock, where we use lagged labor as
instrument, or a predetermined variable, that is, a state variable, independent of contem-

poraneous shock, when we take into account hiring and firing costs, and we use itself as an

instrument.
Table V: Markup, 1999-2007 Pooled
’ Specification \ Average Markup (Standard Deviation) \ Median Markup ‘
CD (L as control variable) 1.19 (0.27) 1.24
CD (L as state variable) 1.25 (0.23) 1.27
TL (L as control variable) 1.21 (0.13) 1.18
Table VI: Markup, 1999
’ Specification ‘ Average Markup (Standard Deviation) ‘ Median Markup ‘
CD (L as control variable) 1.16 (0.26) 1.20
CD (L as state variable) 1.22 (0.22) 1.23
TL (L as control variable) 1.13 (0.09) 1.11
Table VII: Markup, 2007
’ Specification \ Average Markup (Standard Deviation) \ Median Markup ‘
CD (L as control variable) 1.25 (0.30) 1.29
CD (L as state variable) 1.31 (0.26) 1.32
TL (L as control variable) 1.30 (0.16) 1.28

We get quite similar estimates of markups across different specifications. When we com-
pare markups across the years, especially at the beginning and at the end of our sample

period, it becomes clear that there is a substantial increase in both the mean and the dis-
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persion of the distribution of markups, most evident in the case of a translog gross value

production function.

Figure III: Balanced Panel Markup Estimation I
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Figure IV: Balanced Panel Markup Estimation II
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4.3 Firm Size

We measure firm size in terms of log output value, both in nominal terms and deflated by
4-digit industry output deflator, and in terms of log employment. Its change follows the

same pattern as firm productivity and markups, that is, both the mean and the dispersion

of its distribution go up.

Table VIII: Firm Size, 1999-2007 Pooled

| Specification | Mean (Standard Deviation) | Median
Log (nominal output value) 10.62 (1.35) 10.45
Log (deflated output value) 10.64 (1.34) 10.47
Log (employment) 5.41 (1.12) 5.32
Table IX: Firm Size, 1999
| Specification | Mean (Standard Deviation) | Median
Log (nominal output value) 10.18 (1.22) 10
Log (deflated output value) 10.21 (1.22) 10.03
Log (employment) 5.36 (1.13) 5.26
Table X: Firm Size, 2007
| Specification | Mean (Standard Deviation) | Median
Log (nominal output value) 11.04 (1.49) 10.91
Log (deflated output value) 11 (1.48) 10.87
Log (employment) 5.4 (1.15) 5.3

19




Figure V: Balanced Panel Firm Size Estimation
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5 Tariff Reductions and Imported Inputs

Since China joined the WTO in December 2001, it lowered its average tariff significantly,
from 16% to a little above 12% within one year from 2001 to 2002, and the average tariff
kept declining steadily over the entire sample period. The last year in our sample, 2006,
saw an average tariff rate of only about 10%. It is indeed one of the most dramatic trade
liberalization episodes in China’s history. As a commitment to its WTO accession, China
also agreed to eliminate all quotas, licenses, tendering requirements and other non-tariff

barriers to imports of manufactured goods by 2005.

20



Figure VI: Average Tariff at HS-8 Level
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Source: Trade Analysis and Information System (TRAINS) and WTO tariff database

To motivate our theoretical model, we look at how heterogeneous firms at different pro-
ductivity levels adjust their set of imported varieties during this period of dramatic input
tariff liberalization. We find in the data that firms that belong to a higher quartile of the
productivity distribution expanded the number of foreign varieties that they imported by
more. This observation leads to an important feature of our model, which we explain in the
theory section.

We also see in the data that firms on average increased the number of their imported
products and source countries significantly between 2001 and 2002, when they experienced
the biggest tariff reductions. They kept expanding their imported varieties (product-country
pairs) until 2004, which then tapered off. Firms typically import a large number of products
from a number of countries, and therefore, we assume that firms can import a continuum of

foreign varieties if they find it beneficial.
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Table XI: Firm Productivity and Newly Imported Varieties

| 2001 \ \ 2002 \
Productivity Mean of Newly Productivity Mean of Newly
Quartile Imported Varieties Quartile Imported Varieties
Q1 3.95 Q1 5.35
Q2 4.21 Q2 5.42
Q3 4.48 Q3 6.75
Q4 8.17 Q4 10.72
2003 2004
Productivity Mean of Newly Productivity Mean of Newly
Quartile Imported Varieties Quartile Imported Varieties
Q1 5.21 Q1 4.77
Q2 6.38 Q2 5.84
Q3 7.78 Q3 7.49
Q4 13 Q4 12.79
2005 2006
Productivity Mean of Newly Productivity Mean of Newly
Quartile Imported Varieties Quartile Imported Varieties
Q1 4.27 Q1 3.62
Q2 5.61 Q2 5.14
Q3 7.08 Q3 6.81
Q4 12.24 Q4 11.21

Table XII: Number of Imported Products, Source Countries and Varieties

| 2001 | | 2002 | |
Products Source Varieties Products Source Varieties
Countries Countries
Mean 158 16 278 Mean 181 18 331
Median 92 14 127 Median 105 15 145
2003 2004
Products Source Varieties Products Source Varieties
Countries Countries
Mean 183 19 348 Mean 188 19 370
Median 108 15 153 Median 108 15 155
2005 2006
Products Source Varieties Products Source Varieties
Countries Countries
Mean 179 19 363 Mean 157 19 327
Median 102 15 146 Median 90 15 137
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6 Model

In this section, we present a partial equilibrium, heterogeneous firm model with endogenous
imported input and labor quality choice to account for the aforementioned empirical findings.
On the demand side, we adopt the “quality-Melitz” model in Kugler and Verhoogen (2012),
where higher price decreases demand but higher quality increases demand. On the supply
side, firms differ from each other in the usual dimension of productivity, as in Melitz (2003).
In our model, firms combine labor and intermediate inputs to produce physical quantity,
in the spirit of Amiti et al. (2014). Output quality, on the other hand, is determined by
labor and input quality, and the advantage of imported inputs over domestic counterparts

is augmented by a firm’s own productivity.

6.1 Demand

Similar to Kugler and Verhoogen (2012), a representative consumer has the following constant-

elasticity-of-substitution (CES) utility function:

U= Uie[ (qz--yi)af’ldiyl (15)

where I denotes the set of all differentiated varieties available; ¢ € I indexes a particular
variety; o > 1 is the constant elasticity of substitution between different varieties; y; is the
quantity of variety ¢ consumed; ¢; is the output quality of variety i, chosen by the firm

producing variety ¢ and assumed to be observable to all.
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Consumer optimization yields the following demand function for variety ¢:

y; =Y Pq7 'p;7 (16)

o

where p; is the price of variety ¢ charged by the firm; ¥ = U = [f.el (q; - yz-)(%1 dz} T
1

7

? qi

1—0 1-o
the quality-adjusted aggregate consumption in the economy; P = { /. cr <7ﬁ> dz} is the
quality-adjusted ideal price index. This demand function is increasing in the quality and

decreasing in the price.

6.2 Production

There is a continuum of firms of measure |I|, each producing one differentiated variety.
Without any ambiguity, we also use ¢ to index the firm producing variety ¢. Firms differ
from each other in their productivity, ¢;, drawn from a known distribution upon entering
the market and are thereafter fixed, as in Melitz (2003).?

Let us consider a particular firm 7. Its production can be summarized by two produc-
tion functions - one characterizing the production of physical quantity, y;, and the other
characterizing the production of output quality, ¢;. The production of physical quantity is

summarized by a Cobb-Douglas production function:

yi = @il °XY? (17)

1

2Here we assume the support of the distribution is bounded below by 1. This assumption is made mainly
to eliminate scenarios in which low productivity firms make high quality foreign inputs less efficient than
low quality domestic inputs.
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xo= e [ 21080645} (18)

Xy = Zij + pla; M, (19)

L; is the amount of labor used. 0 < 1 — ¢ < 1 is the labor share of variable costs. X;
is the intermediate input aggregated from a continuum of inputs of measure 1, indexed by
J- v > 0 is the importance of input j among all intermediate inputs, with fol vidj = 1.
X,; is the amount of input j used. For each input j, there are both domestic and foreign
varieties denoted by Z;; and M;; respectively, which are perfect substitutes. The foreign
variety has a natural advantage, a; > 1, over its domestic counterpart. However, the actual
advantage, Ya;, is the natural advantage augmented by a firm’s productivity, implying
that more productive firms are able to use the same foreign input more efficiently than less
productive ones. b > 0, is a parameter that governs the differential efficiency of foreign
input use between firms at different levels of productivity - the larger b is, the greater the
differential efficiency.

The production of output quality is summarized by a constant-returns-to-scale super-

modular function in labor quality and intermediate input quality:

1 5
%z[a—@&+¢/vﬁw] (20)
0
1 jeJ?

a;  jeJM
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c is the labor quality chosen by the firm;® b; is the quality of intermediate input j; JZ
represents the set of inputs for which domestic varieties are used, and JM = [0,1]\JZ
represents the set of inputs for which foreign varieties are imported; 6 < 0 captures the
constant degree of complementarity between labor quality and intermediate input quality.
A more negative 6 represents a stronger complementarity. With this specification, firms
using higher quality foreign inputs also have a greater incentive to use higher quality labor
to complement them.

We assume there is only domestic labor market, given the low international mobility
of labor relative to capital and intermediate inputs. Workers, [, are ex-ante homogeneous
with wages normalized to 1. There exists a sector that transforms homogeneous labor into
different quality, with the production function: F' (I, ¢c) = ﬁ This implies that the marginal
cost of producing one unit of labor with quality ¢ is ¢- 1 = ¢. Labor market is assumed to
be perfectly competitive, hence the price of labor of quality ¢ is py, (¢) = c.

For intermediate input j, there are domestic market and foreign market. Firms are price
takers in both. The equilibrium prices of domestic variety and foreign variety are ij and
py" respectively.* However, on top of the price, p}’, there are variable trade costs, 7; > 1, in
the form of iceberg costs. In other words, for a firm to acquire one unit of foreign variety of
input j, it has to pay for 7; units at the costs of ij§\4 .

We assume that there are no fixed costs of importing at each input level.> However, each

3Labor quality, ¢, is a continuous variable with positive support. It is perfectly observable to firms, so
we abstract from any asymmetric information problems.

4Both are expressed in terms of a home currency. Exchange rates are not the focus of this chapter.

5This is mainly to avoid the problem of multiple equilibria. Amiti et al. (2014) have fixed costs of
importing at each input level. But they fix the set of imported inputs before the choice of output in
equilibrium, because the exchange rate shocks in their paper are assumed to be unforeseen. In this chapter,
however, we wish to allow both output and the set of imported inputs to respond to a change in the variable
trade costs. The addition of fixed costs of importing at each input level will thus introduce multiple equilibria.
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firm has to pay fixed import costs, fys, if it switches from not importing at all to importing

some inputs. There are also fixed costs of production, f, each period.

6.3 Equilibrium

In order to solve the firm’s profit maximization problem, we follow the strategy in Amiti
et al. (2014). We break down the problem into two stages. In the first stage, we hold the
set of imported inputs, JM, fixed and solve the optimization problem conditional on JM. In
the second stage, we allow JM to vary so that we can pin down the optimal set of imported

inputs, JM*.

6.3.1 Stage 1: Profit Maximization Conditional on a Fixed Set of Imported

Inputs

In this stage, we fix the set of imported inputs, JM # (.5 Then the firm’s profits can be

written as:

II; = pi'yi_pL(C)'L_/ (pJZ'Zij)dj—/ (rjpj" - M) dj — far — f
Iz M

L esl o1
= YoPq" y;° _C'L_/

. (pJZ : Zij) dj — /M (ij;w : Mij) dj — fu—f (22)
J; J!

-1 _1
The second equality comes from substituting the price, p; = Yipqi 7y, 7, using the demand

function and py, (¢) = ¢, into the first equality.

SWe restrict attention to firms that import. The determination of the cutoff, ¢,,,, below which firms
never import is discussed in the next section, by comparing the firm’s profits given its optimal set of imported
inputs with those when it does not import any inputs.
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The conditional profit maximization problem is thus:

max
Yi,8i,¢, L, X, {Zi;},{Mi; }

o=l o1
II; = yipqia Y; ° _C'L_/ (ij'Zij)dj_/ (ij?/['Mi')dj
JZ JM

—fu—f (23)

s.t: Yi = gpiL;7¢Xf (24)

Xi = exp {/Z ’)/j lOg (le) d] + /M ’}/j lOg (gOi)CL]MZ]) dj} (25)
J; J;

0= [(1 ~9) ¢+ ( [ i+ | vjsoi?ea?dj)] (26)

k3 (3

Let the Lagrange multipliers associated with (3.24), (3.25) and (3.26) be A, v, x respectively.

Firm optimization yields the following first-order conditions:

YoPg 7y, ° = A (27)
g 1 1 _1 o—1
YoPq "y, = X (28)
Li = x(1=¢)¢ "¢ (29)
Yi
c = AMl-9¢) & (30)
Yi
Vi 1
v = ok 1)
vl = uXil vjel! (32)
ij
iy = Q/JXi%, vje Y (33)

We can solve for the optimal labor quality, output quality, output quantity and profits,
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conditional on JM | as follows:

7
c=q = [/ vjdj+/ vjsoi-’ga?dj] (34)
JZ JM

k3 (3

o—1\° —¢)o L po o o o— o
yi = ( - ) (1=0)" =7 > Y P77 - /' BY (35)

1 (oc—1\""
b _<O ) (1= @)= gy P77t (i)"Y

o o

—fu—f (36)

where B; = exp {fol 7, log ;—%dj + fJiM 7, log wszﬁﬁ]z dj}.

The first equation postulates that, conditional on the same set of imported inputs, firms
with higher productivity can make more out of foreign inputs and thus hire higher quality
labor to complement them, ultimately producing higher quality outputs. Conditional on
the same productivity, firms that import a larger set of inputs also hire higher quality labor
due to the increase in the quality of intermediate inputs, and also produce higher quality

outputs. As a result, these firms pay higher wages to its workers.

6.3.2 Stage 2: Determination of the Optimal Set of Imported Inputs

In this stage, we formulate a recursive algorithm that pins down the optimal set of imported
inputs. Before that, let us consider a firm with its current set of imported inputs, J,
contemplating on whether to import foreign variety for input j. In other words, input j is

moved from the set JZ to JM. After the endogenous adjustment of labor quality, output
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quality and quantity, the resulting change in profits is given by:

Al = Agr™-d |(a:B)"")]

o—1 p(o—1) L 9/ w0 praip}
= Ap! ¢ (0 —1)(6:B)) " 5% (%‘ a; — 1) + log —T'pM (37)
I

where A = £ ("0;1)0_1 (1 — ¢)=9=Y géle-1)y Po contains only constants and macroeco-

nomic variables that the firm takes as exogeneously given. Under the assumptions on the

parameters, the sign of dIl; is given by:

1 ba;p?
sign (dII;) = sign —q;e (gpi-’ea? — 1) + log L jij (38)
0 TiD;

Note that since we do not have fixed costs of importing at each input level, the sign of dII;
is independent of the scale of production, thus avoiding the problem of multiple equilibria.
The first term, %q[ 0 (gpﬁ?(’af- — 1), is always positive, representing the benefits of importing
an extra input j on output quality, and hence, total revenue. These benefits are increasing
in output quality, ¢;, due to complementarity between quality of newly imported input j and
quality of existing imported inputs in J*. This implies that there is no crowding out effect -
importing more inputs does not make importing other inputs less desirable. In fact, there is
crowding in - importing more inputs increases the benefits of importing an extra input, thus
increasing the likelihood of importing that input. These benefits are also increasing in firm

productivity, ¢;, because more productive firms can make more out of the same imported

b A
¥ 5Py
M
TP )

input j.” The second term, log can be either positive or negative, depending on

"Here, we condition on fixed output quality, ¢;. This result holds more strongly if ¢; is an increasing
function in ;.
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the advantage-and-trade-cost-adjusted relative price. If foreign variety is relatively cheaper

b 7
P3P

M
TjiP;

M
ij

M
2 < pf, then log
[

than domestic variety, > 0. As a result, conditional on already
importing some inputs, that is, the firm has already paid the fixed costs of importing at
the first unit, fy;, it is always willing to import such input j because importing is both
quality-enhancing and cost-saving.

Next, we characterize the optimal set of imported inputs. Unlike the framework in Amiti
et al. (2014), which has a cutoff implicitly defined because the marginal cost of importing
is fixed and the marginal benefit of importing is monotonically decreasing, our model does
not have a sorting of the inputs nor an implicitly defined cutoff. Instead, we define the
optimal set recursively and sequentially using an algorithm. We prove the optimality of the

defined set and some of its other desirable properties in the next subsection. For expository

simplicity, let us define:

3
@ (S) = [ [ v+ [ w%ﬁdj] (30)

as the conditional optimal output quality for firm i that imports the set of inputs, S C [0, 1],
and uses domestic varieties for the complementary set, S¢ = [0,1]\S.

An immediate lemma is:

Lemma 1 For any two sets, S; C Se C [0, 1], and some firm ¢ with productivity ¢;, ¢; (S1) <
¢; (S2). For any two firms ¢ and ¢’ with productivity ¢; < ¢, and any set S C [0, 1],

¢; (S) < g (S). Combining the two results, we also have ¢; (S1) < ¢ (S1) < qi (S2).

The proof is trivial once it is noted that ¢fa; > 1.
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Recursive algorithm of computing the optimal set of imported inputs, JM*, con-

ditional on having paid f),

JH

For firm ¢ with productivity ¢;, its optimal set of imported inputs, , can be computed

as the following:

Step 1: Define J;y = {j € [0,1] | Jp] < p; } Based on the argument above, importing
these foreign inputs is both quality-enhancing and cost-saving. Therefore, it is

always beneficial to import them once f); is paid. Hence,

Jio C JM

Step 2: Define J;; = {j € 0,1]nJG5 | 5@ (Jio)]? (¢¥af —1) 4 log % Jp] > O} Since
there is only crowding in effect of importing more inputs and importing inputs

in J;; increases profits, it is optimal for the firm to import them.

Ja C JM

ba.nZ
Step 3:  Define J;, = {j € 0,1 NJHNJ5 | 5 a (JioU Ji)] 7 (¢Pal — 1) + log% > o}.
By the same logic,

Jiz C JZM*

Repeat these steps until for some N € N such that,

1 -’ b0 6 Wbajp'z
Jin=1¢7€[0,1]N (ﬂ ) [%‘ (nL:JOJ’Ln>] (SO@CL 1) +log T-pMJ >0p=10

Iy
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implying that there is no input, which the firm has not yet imported, that can increase

profits. Then we claim the optimal set of imported inputs is:

M= I

6.3.3 Determination of No-import Cutoff

Due to the existence of the fixed costs of importing, fys, at the first unit, not every firm
engages in importing. Firms below a productivity threshold, ¢,,,, do not import any input
while firms above that threshold do. This threshold is determined by comparing the profits
if the firm imports with those if it does not. The marginal firm with productivity ¢, is
indifferent between importing and not.

The profits of firm ¢ if it imports are given by:

IL; (importing) = Ap{ ™"+ (q; (J}*) B (JIM*))(b(U_l) —fu—f (40)

(2

where JM* is the optimal set of imported inputs given productivity ;.

The profits of firm i if it does not import are given by:

I1; (not importing) = Agpjfl (qi (0) B; (@))¢(0—1) _

1 .
_ Asosl~exp{¢<a—1> / vjlog;—gdj}—f (41)

J

Note that (g; (JM*) B; (JZM*))(ZS(J_I) > (g (0) B; (0))°“™Y = exp {¢ (0 —1) fol 7, log ;—JJ_Z'dj}

because of the optimality of JM*. Even though both II; (importing) and II; (not importing)
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are increasing in ¢;, the former increases much faster than the latter, but the former starts
at a lower value due to the existence of fj;. Hence, as illustrated by the figure below, the
two profit lines have one intersection, ¢,,,, after which importing inputs generates higher

profits than not importing. This pins down the no-import cutoff.

Figure VII: No-import Cutoff
Profit /

7

Importing

Not importing

sV

Pnm

6.4 Model Implications

In this section, we outline some of the properties implied by the model that guide our
empirical investigations. Some of these properties come naturally out of the model while

others require additional assumptions on the parameters of the model.
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6.4.1 No-import Cutoff

We first examine how the set of firms that engage in importing respond to trade liberaliza-
tion in the form of import tariff reductions. Clearly the profit schedule of not importing,
I1; (not importing), does not change with import tariff reductions. The profit schedule of
importing, II; (importing), does, but this change may or may not affect the no-import cut-
off, depending on the nature of import tariff reductions. We summarize our findings in the

following proposition.

Proposition 1: Suppose there is trade liberalization in the form of import tariff reduc-
tions summarized by {dr; < 0,5 € [0,1]}. The no-import cutoff will either decrease,
Onm' < ©nm, Or remain unchanged, @,y = @um. The former is true if and only
if the original marginal firm with productivity ¢,, has a strictly larger optimal set
of imported inputs, JM* ({Tj + de};:[)) D JMx ({Tj};zo>, or the same optimal set,
JM+ <{Tj + de}jl.:()) = JMx ({Tj};:()), but there exists some j € J* ({Tj}jl.:()) such
that dr; < 0. The latter is true if and only if the optimal set does not change,

JM+ <{7’j + de}j‘:o) = JMx ({Tj};zo), and for all j € JM* ({Tj};:()), dr; = 0.

An immediate result is that if there is a uniform decrease in import tariffs, the no-import
cutoff decreases. More generally, if there is a decrease in tariff on some input in the optimal
set of imported inputs of the original marginal firm, the cutoff decreases. This result is con-
sistent with empirical findings that following trade liberalization, previously non-importing

firms in the balanced panel start to import higher quality foreign inputs.
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6.4.2 Optimal Set of Imported Inputs

Since the optimal set of imported inputs is at the center of our model, determining equilib-

rium labor quality, output quality and quantity, we investigate the properties of this set.

Proposition 2: All other things being equal, a more productive firm imports a weakly

larger set of foreign inputs. Specifically, if ¢; < ¢y, then JM* C JM*.

Proof. Let us consider the recursive algorithms for the two firms. Let N; and Ny be defined
as in the algorithm for firm 4 and ¢’ respectively. There are three possible cases: N; = Ny,
N; < Ny and Ny > N,. We prove the proposition in the three cases separately.

First, suppose N; = Ny = N. To prove JM* C JM* we just need to prove in each
step, U o Jim € Up—o Jirm for all n € {0,1,...,N —1}. Clearly when n = 0, Jip =
{j € [0,1] | Jp <pj } C {j € [0,1] | jp <p] } = Jip because ¢; < ;. Now suppose
s _o Jim € U7 _ Jirm holds for some n € {0,1,..., N — 2}. Consider in step n + 1, some
arbitrary input j € Jiyq1. If j € U _y Jirm, then it becomes trivial that j € UnJrl Jirm.
So suppose j ¢ U _y Jirm, but we know that g, (U _y Jim) " (¢¥a — 1) +1Og% >0

by definition of Ji,41; and U _o Jim € U —o Jirm with ¢; < @y implies ¢; (U _o Jim) <

m=0

g (U" _y Jirm) by Lemma 1. Therefore

m=0 “vm

—0 —0
1 " whap? pra;p?
5 (ml :IO Jm> (¢l —1)+log =~ pj J (U sz) (¢t%af — 1) +log ~— 7>

Jtj Jp]

Hence j € Jyn,i1 C U"Jrl Jitm.  This proves Jiy,.1 C U"Jrl Jirm, but by assumption,

Um 0 sz C Um =0 Jz/m C Un+1 Jz/ma so we have Un+1 im — Jzn+lU(Um 0 sz) C Un+1 Jz/m

By mathematical induction, we have shown that J! _, Jim € U} _o Jim foralln € {0,1, ...,
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Evaluating this expression at N — 1, we have proven JM* C J)*.
The case N7 < N, is trivial because we have shown already that JiM* = Uivial Jin
Unze" Jom © (UR" i) U (U i) = 2.

Now, we consider Ny > N,. We have shown in the first case that UN2 " Jim C UN2 Y i =

N

JM*. Now consider any arbitrary j € Jin,. J satisfies %qi (Ugial Jm>_ (gpfg 4 1) +

log (’DIJCLTJPJ > 0 and we know q; (Ugial J,Ln> < @y <U7]:[ial Ji’n) by Lemma 1. So

T -’ oha;p? et _6 la;p?
(U Ji n) (i’ —1)+log TpM (U Jm> (¢! — 1) +log 200 >
J

j TiP;

Hence by definition j € Jyy, or j € UN2 Y

Jirm. The former is impossible because Jyn, = 0,
S0 j € UN2 ' Jim. This proves Jin, C Ugial Jimm. With Ugigl Jin C Uf:’igl Jirn, we show
UM, Jin = (Ugigl Jm> UJin, € UNG" Jim = JM*. Repeat this argument for n = Ny +

1,..., Ny — 1, we can show that JM* = (J"" g, C JM*.

Proposition 3: All other things being equal, a reduction in variable trade costs, 7;, for
input j increases the likelihood of importing that input for a firm that previously does
not import it. Furthermore, it also increases the likelihood of importing other inputs

that are not imported before by the firm, if input j is now imported.

Proposition 3 is quite intuitive because a reduction in variable trade costs 7; decreases the
costs of importing 7 while keeping benefits unchanged. Hence the firm is more likely to
import j. Conditional on j being imported after the reduction in 7;, the set of imported
inputs expands and the output quality increases, further increasing the benefits of importing

other inputs due to the crowding in effect. Hence, the likelihood of the firm importing other
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inputs increases.
Proposition 3 can be generalized to reductions in multiple/all variable trade costs. The
increase in the likelihood is much bigger if the variable trade costs of many inputs that are

previously not imported by the firm decrease at the same time.

6.4.3 Labor Quality, Output Quality, and Wages

Recall that for firms above the no-import threshold, ¢,,,, the optimal labor quality and

output quality are given by:

c=q = [/ vjder/ %daa}‘-’dj]
JiZ* JZ]VI*

where J7* = [0, 1] \JM* is the equilibrium set of domestic inputs.

=

By proposition 2, we know that a more productive firm imports a weakly larger set of
foreign inputs. Hence, it is obvious from the above expression that this more productive
firm uses strictly higher quality labor and produces strictly higher quality output. Since
equilibrium labor quality is higher for a more productive firm, it also pays higher wages
because py, (¢) = c.

Trade liberalization in the form of tariff reductions increases the set of imported inputs
for some, if not all, firms, by proposition 3. These firms switch to higher quality foreign
inputs, and hire higher quality labor to complement them. As a result, they produce higher
quality output and pay higher wages.

Suppose the tariff reductions induce a decrease in the no-import cutoff as in the first case

in proposition 1. Then for those firms with productivities ¢; between ¢,,,,,» and @,,, they
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switch from not importing at all to importing some foreign inputs. Their labor quality and
output quality increase from ¢ = ¢; = [fol ”yjdj]; =1to |:fJiZ* v;dj + fJiM* ’ngpfeaf-dj o > 1.
This increase is larger, the more productive the firm is, because ¢; and JM* are both larger
by proposition 2. As a result, they also pay higher wages after trade liberalization.

For those firms that never import - firms with ¢; < @, < ©um, there is no change
in the labor quality, output quality and wages before and after trade liberalization. They

are consistently using the low skill labor, ¢ = 1, producing low quality output, ¢; = 1, and

paying low wages, pr, (1) = 1.

6.4.4 Firm Profits

In terms of firm profits, we have a set of similar predictions.

Conditional on the same set of imported inputs, a more productive firm has higher profits
because of its higher ¢; and higher ¢;. By proposition 2, it also imports a weakly larger set
of inputs. It chooses to do so because by importing more, its profits increase. Therefore, we
have shown that a more productive firm enjoys higher profits. Trade liberalization in the
form of input tariff reductions generates higher profits for any firms, provided that they are
importing inputs after trade liberalization. This increase in profits comes from two potential
sources. After trade liberalization but conditional on the same set of imported inputs, firm
profits are as least as large as before. It makes strictly larger profits if there is a reduction
in tariff on at least one of its imported inputs. Furthermore, the firm chooses to import a
weakly larger set of imported inputs by proposition 3. It chooses to do so only if its profits
increase, evident from the recursive algorithm.

However, who enjoys a bigger increase in profits in the face of the same tariff reductions
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is a much tougher question to answer. If we restrict our attention to firms that are new im-
porters - those with productivity, ¢; € [Pnm/, ©nm), then it is clear that the more productive
firms have a larger increase in profits than the less productive ones. It is not clear, however,
if we wish to compare profits of an existing importer with those of a new importer. It is
possible that the former increase by more if we impose additional assumptions on {a;}, the
natural advantage of foreign varieties over their domestic counterparts, or if the differential

efficiency, b is large enough.

6.4.5 Total Factor Productivity

For firm ¢ with @; > @um, its total factor productivity (TFP) is defined as:

Yi
Lg_qb exp {qﬁ <fJiZ* Y log de] + le_IVI* Vi log szd]) }

= wi-exp{cb/ vjlogw?ajdj}
JiJVI*

1406 [ a7V dj )
= ' -expq ¢ / iloga;dj (42)
J M

TFEP,

(3

TFP is greater than ¢; because the use of imported inputs enhances firm productivity by
b¢ [ a1 75 . : . :
the factor ¢, - exp {gb fJM* 7, log ajdj} > 1. It is also obvious that a firm with
higher baseline productivity, ¢; > ¢;, ends up with higher TF P, > TFP,. Specifically,
from proposition 2, we know that J}* D JM*. Let H = JM*\JM* = JM* 1 (JM*)° D () be

the difference between the two sets. Then the TFP ratio is given by:
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1+b¢ fJgIVI* v;jdj )
TFPZ/ 901" i - exp {gb fﬂ/w* ’7]' log &jd]}

TFP, 1+ [ 1di ,
. g .exp{(pri]\l*fyjlogajdj}

Vi

N 146 [are v »
- (%) | oy T exp {¢/ i 10g@jdj}
[ H

1+b . 74
. (ﬂ) ¢ [ypx 75
i

Pi
> (43)
Pi

The first inequality holds with equality when H = () and holds strictly otherwise. The
second inequality holds strictly because we assume that ¢, > ©; > @um, which results in a
non-empty set JM*.

For firm ¢ with productivity lower than the no-import cutoff, v; < ©,m, its TFP is:

Yi
L; % exp {d) (fol v;log Zijdj> }
= @i (44)

TFP, =

Since it does not import any foreign inputs, there is no productivity enhancing effect from
imported inputs. Hence, its TFP is the same as its baseline productivity parameter, ¢;. It

is then trivial to show that the TFP ratio between two firms that are both below the cutoff

TFP, Pir
TFP i

is
Trade liberalization increases firm-level TFP through the expansion of the set of imported

inputs. Again suppose this trade liberalization induces a reduction in no-import cutoff from

Onm t0 @pm, as in the first case in proposition 1. First, consider a firm with productivity
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©; > ©nm. Before trade liberalization, its optimal set of imported inputs is JM*. It expands
to JM “with H being the difference between the two sets. Then the expansion in the optimal

set of imported inputs induced by trade liberalization increases its TFP by a factor:

TFP b6 f,d { / }
e =@ T expq o [ yjlogagdjp > 1
TF.PZ " J J

Equality holds only when H = (.

For a firm with productivity ¢; € [@nm’, Pnm), its TFP increases by a factor:

TFP, b0 [ d owadib <1
TFP =@, - exp gb/JMW v;loga;dy » >

because its set of imported inputs expands from null set to JM* > (. And further, JM* is

weakly increasing in (; for such a firm by proposition 2. So for a newly importing firm, the
increase in TFP is increasing in its baseline productivity.

Trivially, for a firm that never imports, there are no TFP gains from trade liberalization.

However, it is not straightforward to compare the increase in TFP of two arbitrary firms,
either both are existing importers, ¢;, i > ©@pm, Or one is a new importer while the other
is an existing importer, @,m < @i < ©om, Qi > ©nm). That depends on the expansion of
the set of imported inputs induced by trade liberalization, and on the parameter b, which
governs the degree of differential efficiency among firms in using foreign inputs. In general, a
more productive firm has smaller room to expand its set of imported inputs. However, this
constraint can be alleviated by a large b - that is, it is also much more efficient in using the

higher quality foreign inputs.
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7 Empirical Results

7.1 First Stage

Since a firm’s decision to import foreign inputs is endogenous, we adopt the fixed effects
2SLS model to estimate the effects of the differential change in import intensity of firms on
their productivity and average wage. More specifically, we use the input tariff reductions
following China’s accession to the WTO as an instrument for firm import behavior, following
Goldberg et al. (2010). Another concern is that the trade reform itself is endogenous in the
sense that less efficient industries lobby for higher trade protection. Branstetter and Lardy
(2006) discuss the motive for China’s leadership to agree to the conditions required for
its WTO accession. They conclude that, “In short, China’s top political leadership made
extensive commitments to the WTO in order to advance their domestic reform agenda.”
China joined the WTO to speed up the domestic reforms and facilitate the transition into
a market economy. The input tariff reductions are unlikely due to the protection pressure
from interest groups in less efficient industries.

To examine the effects of tariff reductions on firm import behavior, we have to consider the
set of intermediate inputs that a firm may actually import. We construct an industry-level
input tariff at the 4-digit Chinese Industry Classification (CIC) level to avoid endogeneity
bias following Amiti and Konings (2007), Goldberg et al. (2010) and Ge et al. (2011). We
construct an output tariff by taking a simple average of the HS 8-digit codes within each
4-digit CIC code. The difficulty is that our sample period covers a revision of CIC system
in 2003 and a major reclassification of the international HS 6-digit codes in 2002. First,

we follow Brandt et al. (2012) to create a concordance of standardized 4-digit CIC codes
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consistent before and after 2003. Then we construct a link of 6-digit HS codes before and
after 2002. We further construct a crosswalk between standardized 6-digit HS codes and
standardized CIC codes based on Brandt et al. (2012). With these links in place, we assign
each 8-digit HS product to the 6-digit HS code it belongs to, and then connect this 6-digit HS
code with the corresponding 4-digit CIC code, for each year. Next, for each 4-digit industry,
we compute an input tariff as a weighted average of the output tariff, where the weights
are the cost shares of one industry in the production of a good in another based on the
Input-Output Table. We drop output tariff of the industry that a firm belongs to from this
calculation to remove the direct effects of output tariffs on wages. Finally, we interact the
industry-level input tariff with a firm’s baseline productivity to study their heterogeneous
responses. We use the firm-level TFP measured in 1998 to proxy for it, which is independent
of a firm’s future import choices.

The first-stage regression that we run is the following:

Importy, = aop+ arlnputTarif fi x Productivitysiges + aslnputTarif fi

+ 21X+ Dy + Dy + vpy (45)

where I'mport, is measured by the total number of newly imported varieties (or products).
Z includes firm age, last year’s log revenue and last year’s export status. Dy is a set of year
dummies that control for possible variation in the macroeconomic environment over time; Dy
is included to control for unobservable individual effects of the firm that could be correlated
with its import behavior. We use robust standard errors that are clustered at the firm level.

Table XIII reports the regression results at the variety (product-country of origin pair)

44



Table XIII: First Stage

Total Varietyy,

' -0.118™
InputTarif fir * Prody 1998 0.052]
' -0.145™
InputTarif fi 0.067)
Export Statusf_q 1[01?))?)1]
log(Industrial Sales;_1) 2[02227]
-1.067°
ootacs) 0.502]

Year FE ves

p<0.1;7p<0.05 p<0.01;

level. We find that the total number of varieties that are newly imported goes up as a result
of tariff reductions. The coefficient of InputTarif fi; * Productivityy99s is also statistically
significant and negative, which suggests that a firm with higher baseline productivity in-
creases its imported inputs by more in response to tariff reductions. The total number of
newly imported varieties is also higher for a firm that is bigger, younger and exports. We

also look at the corresponding regression at the product level and the results are very similar.

7.2 Second Stage

Next, we look in the data to see how the expansion of the external margin of imported inputs
affects firm-level TFP and average wage.

The second-stage regression that we run is the following:

Yo = ag+ aliwﬁ * Productivity 9o -+ agi@or\tﬂ
+Zpi AN+ Dy + Dy +vpy (46)
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where Y}, is firm-level TFP and its log average wage. Standard errors are robust to het-
eroscedasticity and clustered at the firm level.

Table XIV reports the regression results of TFP measured by Levinsohn-Petrin method
and firm log average wage. We use TFP measured by Olley-Pakes method as a robustness
check and the two regressions lead to very similar results. Note that imported inputs increase
firm productivity and average wage a firm pays to its workers. Since a firm with higher
baseline productivity increases its imported inputs by more, its productivity goes up by
more as well as its average wage. As discussed in the section of model implications, each
unit of newly imported inputs also increases measured TFP and average wage of a more
productive firm by more, and this prediction is supported by the statistically significant and
positive coefficient of in@ st ¥ Prody 99 in each of the regressions. Firm productivity and

average wage are also higher if a firm is bigger, younger and exports.

Table XIV: Second Stage

TFPy, log(Wage )
— 001" 0.004™
import s x Prody 1998 [0.004] [0.002]

—— 0.0547" 0.016™
import s, [0.018)] [0.007]
0.009 0.009
Export Statusgi—q [0.031] [0.014]
, 0.3087 0.028
log(Industrial Sales_1) 10.042] 0.018]
-0.108™ -0.025
log(Ageft) [0.045) [0.019]
Year FE yes yes
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8 Conclusion and Future Work

In this chapter, we develop a partial equilibrium, heterogeneous firm model with endogenous
imported inputs and labor quality choice and establish a link between an improvement in
firm performance and the use of imported inputs. The model further predicts that firms
that upgrade their intermediate inputs also upgrade their labor quality, resulting in higher
wages. Combining Chinese Annual Survey of Industrial Firms and Chinese Customs Data,
we are able to test our model’s predictions in the data, and we find considerable support.
There are some issues that we have not yet addressed and are left as future work. First,
we wish to empirically test the output quality upgrading hypothesis proposed in Broda and
Weinstein (2006). Second, we want to extend our model to accommodate variable markups
and then empirically test the model’s prediction about firm markup distribution. Third, we
would also like to look into firm ownership structure more carefully so that we can say more
about the mechanism that generates the link between firms profits and wage inequality that

is observed in the data.

47



References

Amiti, M. and Davis, D. R. (2012). Trade, firms, and wages: theory and evidence. Review

of Economic Studies, 79(1):1-36.

Amiti, M., Itskhoki, O., and Konings, J. (2014). Importers, exporters, and exchange rate

disconnect. American Economic Review, 104(7):1942-1978.

Amiti, M. and Konings, J. (2007). Trade liberalization, intermediate inputs, and productiv-

ity: evidence from Indonesia. American Economic Review, 97(5):1611-1638.

Arkolakis, C., Costinot, A., Donald, D., and Rodréguez-Clare, A. (2015). The elusive pro-

competitive effects of trade. NBER Working Paper w21370.

Bas, M. and Strauss-Kahn, V. (2014). Does importing more inputs raise exports? firm-level

evidence from Fdance. Review of World Economics, 150(2):241-275.

Brandt, L., Van Biesebroeck, J., and Zhang, Y. (2012). Creative accounting or creative
destruction? firm-level productivity growth in Chinese manufacturing. Journal of Devel-

opment Economics, 97(2):339-351.

Branstetter, L. and Lardy, N. (2006). China’s embrace of globalization. NBER Working

Paper w12373.

Broda, C. and Weinstein, D. E. (2006). Globalization and the gains from variety. The

Quarterly Journal of Economics, 121(2):541-585.

De Loecker, J. (2013). Detecting learning by exporting. American Economic Journal: Mi-
croeconomics, 5(3):1-21.

48



De Loecker, J. and Warzynski, F. (2012). Markups and firm-level export status. American

Economic Review, 102(6):2437-2471.

Di Giovanni, J. and Levchenko, A. A. (2013). Firm entry, trade, and welfare in zipf’s world.

Journal of International Economics, 89(2):283-296.

Feenstra, R. C. (2014). Restoring the product variety and pro-competitive gains from trade

with heterogeneous firms and bounded productivity. NBER Working Paper w19833.

Feenstra, R. C. and Weinstein, D. E. (2010). Globalization, markups and US welfare. NBER

Working Paper w15749.

Frias, J. A., Kaplan, D. S., and Verhoogen, E. (2012). Exports and within-plant wage

distributions: evidence from Mexico. American Economic Review, 102(3):435-440.

Ge, Y., Lai, H., and Zhu, S. (2011). Intermediates import and gains from trade liberalization.

Working Paper.

Goldberg, P. K., Khandelwal, A. K., Pavenik, N., and Topalova, P. (2010). Imported inter-
mediate inputs and domestic product growth: evidence from India. The Quarterly Journal

of Economics, 125(4):1727-1767.

Halpern, L., Koren, M., and Szeidl, A. (2015). Imported inputs and productivity. American

Economic Review, 105(12):3660-3703.

Han, J., Liu, R., and Zhang, J. (2012). Globalization and wage inequality: evidence from

urban Cnina. Journal of International Economics, 87(2):288-297.

49



Helpman, E., Itskhoki, O., Muendler, M.-A., and Redding, S. J. (2017). Trade and inequality:

from theory to estimation. Review of Economic Studies, 84(1):357-405.

Helpman, E., Itskhoki, O., and Redding, S. J. (2010). Inequality and unemployment in a

global economy. Econometrica, 78(4):1239-1283.

Kasahara, H. and Rodrigue, J. (2008). Does the use of imported intermediates increase

productivity? plant-level evidence. Journal of Development Economics, 87(1):106—118.

Krishna, P., Poole, J. P., and Senses, M. Z. (2012). Trade and labor markets: evidence from
matched employer-employee data. American Economic Review: Papers and Proceedings,

102(3):417-423.

Kugler, M. and Verhoogen, E. (2012). Prices, plant size, and product quality. Review of

Economic Studies, 79(1):307-339.

Levinsohn, J. and Petrin, A. (2003). Estimating production functions using inputs to control

for unobservables. Review of Economic Studies, 70(2):317-341.

Melitz, M. J. (2003). The impact of trade on intra-industry reallocations and aggregate

industry productivity. Econometrica, 71(6):1695-1725.

Verhoogen, E. A. (2008). Trade, quality upgrading, and wage inequality in the Mexican

manufacturing sector. The Quarterly Journal of Economics, 123(2):489-530.

Yu, M. (2015). Processing trade, tariff reductions and firm productivity: evidence from

Chinese firms. The Economic Journal, 125(585):943-988.

50



