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Abstract

We estimate the effect of Chinese import competition on prices, costs, markups

and quality growth of firm-products in the case of a large developing country, India.

Our results suggest that firms were simultaneously able to reduce marginal costs and

increase markups due to incomplete pass-through of costs to prices. Markup growth

follows the same non-monotonic relationship that holds between competition and qual-

ity growth. Firms closer to the technology frontier are able to reduce costs and increase

markups. These firms are also able to upgrade quality, plausibly by investing profits

from increased markups in innovation related activities.
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1 Introduction

The division of the gains from international trade between producers and consumers is a

key question in international trade research. A voluminous literature has documented the

gains to producers from increased productivity due to increased import competition (Pavc-

nik, 2002; Fernandes, 2007; Topalova and Khandelwal, 2011) and also access to imported

inputs (Amiti and Konings, 2007; Topalova and Khandelwal, 2011). In the Indian trade lib-

eralization context, De Loecker et al. (2016) find that trade liberalization resulted in lower

marginal costs which translated into higher markups due to incomplete pass-through leading

to only a modest reduction in prices. These findings raise important questions regarding the

benefits to consumers from increased trade. Do gains from trade accrue disproportionately

to producers as compared to consumers?

There may be additional gains to consumers if producers use the profits from increased

markups to finance innovation activities leading to quality upgrading. An emerging literature

on effects of trade on quality upgrading finds evidence of quality upgrading by exporting

firms from tariff liberalization in China (Fan et al. (2015)) and a positive effect of reduction

in import tariffs on rate of quality upgrading of country level export varieties to the US

market (Amiti and Khandelwal (2013)). Bas and Strauss-Kahn (2015) find that input trade

liberalization leads to increased export prices for Chinese firms that source inputs from

developed countries. However, several issues related to the relation between trade and quality

upgrading remain relatively unexplored. First, we have little understanding on the effects of

trade on quality upgrading by domestic firms which do not export. To understand the overall

impact of trade on quality in the domestic economy, we need to jointly study the effects on

exporting as well as domestic firms. Secondly, we have less clarity on how firms finance

their quality upgrading in response to increased trade. Thirdly, it is difficult to separate the

effects of import competition from that of imported inputs in enabling quality upgrading of

products. Trade liberalization episodes simultaneously increase import competition in the

domestic market as well as increase access to high quality inputs from developed countries.
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In this paper, we make the first attempt to tackle these issues by studying the effect of

increased imports from China on the performance of Indian manufacturing firms during the

period 1995-2007.

The rise in Chinese exports in the 2000s provides an ideal setting to study the effects

of import competition on quality upgrading. Firstly, Chinese imported inputs are likely to

be cheaper but not technologically advanced and hence are not expected to induce quality

upgrading. Thus, while Chinese imported inputs are expected to affect prices, costs and

markups because of lower costs, their effect on quality should be negligible. This enables

us to study the effect of import competition on quality growth of firm-products without

having to worry about the input channel. Secondly, the rise of China as a manufacturing

superpower during the 2000s was primarily driven by economic reforms of the 1980s and 1990s

leading to high productivity growth (Naughton (2007)), large scale rural-urban migration

of nearly 150 million workers (Chen et al. (2010)), and capital accumulation in a relatively

short period of time (Brandt et al. (2012)). Further, China’s accession to the WTO in

2001 complemented the above internal reforms leading to unprecedented increase in Chinese

manufacturing exports to the rest of the world, including both developed and developing

economies.1 This allows us to causally estimate the effect of increased imports from China.

Following Autor et al. (2013), Autor et al. (2014) & Acemoglu et al. (2016), our identification

strategy relies on instrumenting for Chinese exports to India by Chinese exports to a set

of other developing countries. This strategy assumes there were no common technological

shocks in industries which could drive the demand for Chinese imports.

Our analysis proceeds in three stages. We begin by studying the effect of Chinese import

competition as well as imported inputs on prices, marginal costs and markups of firms in

India. Then, we proceed to estimate the effect of Chinese import competition on the quality

growth of firm-products. Finally, we link markup responses to quality growth.

To estimate markups and marginal costs, we follow the methodology proposed by De Loecker

1China’s WTO accession gave most favored nation status to China among WTO member countries
(Branstetter and Lardy (2006))
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et al. (2016) to estimate production functions, which explicitly allows for multi-product pro-

duction function, overcomes bias in revenue based production function estimates and ac-

counts for bias resulting from unobserved input allocations across products and unobserved

firm specific input prices.

The emphasis on quality upgrading by exporters in the literature is primarily driven

by lack of data availability at the product level for firms which would enable computing

appropriate measures of quality, as in Khandelwal et al. (2013). Export data lets researchers

overcome this issue as trade data is classified at a very disaggregated level and hence can

be used to construct reliable estimates of quality. Firm level data from Prowess for Indian

firms enables us to overcome the data availability issues mentioned above and we are able to

construct reliable estimates of quality as the database provides detailed firm product level

data for over 3500 products. Our quality measure closely follows the measure proposed by

Khandelwal et al. (2013) and is based on the intuition that conditional on price, a variety

having a higher demand should be of a higher quality. Thus, we are able to study the effects

of Chinese imports on quality of exporters as well as domestic firm. In our setting, each

firm-product within a product is considered as a distinct variety.

Following Aghion et al. (2009), we allow for a non-monotonic relationship between com-

petition and innovation. These models show that the relationship between competition

and innovation is moderated by the distance to the world technology frontier. This occurs

because the further the firm is from the frontier, lesser is the incentive to innovate as post-

innovation rents reduce by more than pre-innovation rents. Exactly the opposite happens

for firms closer to the frontier whose post innovation rents are reduced by much less than

pre-innovation rents. Also, the effect would be strongest when the domestic firm-product is

technologically similar to the imported product. Thus, the above framework is suitable to

study import competition from developed countries whose products are close to the world

technology frontier. We adapt the framework to allow for the relationship between com-

petition and innovation to depend on the domestic technology frontier. Chinese imported
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products are technologically more likely to be closer to the domestic technology frontier for

the Indian market than the world technology frontier. This enables us to study the effect of

import competition on quality upgrading for all firms, both exporters and domestic.

Our results suggest that firms simultaneously reduced marginal costs and increased

markups in response to Chinese import competition due to incomplete pass-through of costs

to prices. The effects of increased imported inputs from China on costs and markups were

much larger than that due to import competition. The effect on prices was positive but sta-

tistically insignificant. We find strong evidence for the non monotonic relationship between

Chinese import competition and quality growth of firm-products. Chinese import compe-

tition led to positive growth in quality of firm-products which were closer to the domestic

technology frontier while firm-products further away from the frontier had a negative effect

on quality upgrading. Finally, we find a similar non monotonic relationship between Chinese

import competition and growth in markups. Firm products which were initially closer to the

frontier experienced positive growth in markups and the effect reduced as we moved away

from the frontier. This provides a plausible link between markups and quality upgrading by

firms due to increased import competition. The results are robust to the effect of outliers,

exclusion of exporters and using unit prices as a measure of quality.

Our paper is closely related to Medina (2017), who studies the effect of Chinese import

competition on quality in the apparel industry. The mechanism for quality upgrading works

through shifting of resources from low to high quality products within a firm. Our paper

focuses on within firm-product changes in quality in response to Chinese import competition.

The mechanism highlighted in our paper suggests that within firm-product quality upgrading

happens for firms closer to the technology frontier while firm-products away from the frontier

are discouraged from innovating and do not upgrade quality. Thus, there are within firm-

product changes in quality which cannot be solely explained by transfer of resources from low

to high quality products within a firm. Finally, our empirical methodology is more suitable

to study the overall effects on quality from import competition across a range of industries
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and products. The paper is organized as follows. Section 2 outlines the empirical strategy.

Section 3 describes the data. Section 4 presents the results. Section 5 concludes.

2 Empirical Strategy

2.1 Chinese Import Competition and imported inputs

The main measure for Chinese import competition is the import penetration ratio for an

industry j (NIC 2004 revision) and is computed as:

IP china
jt =

M IC
jt

(Yj,94 +Mj,94 −Xj,94)
(1)

where M IC
jt is the total import of Chinese goods in industry j at time t; Yj,94,Mj,94 and Xj,94

are total domestic production, imports and exports for industry j during 1994. To overcome

endogeneity concerns we follow Autor et al. (2013), Autor et al. (2014) & Acemoglu et al.

(2016) in instrumenting for Chinese exports to India by Chinese exports to other developing

countries. The instrument for (1) is computed as:

IV china
jt =

M IC,Others
j,t−1

(Yj,94 +Mj,94 −Xj,94)
(2)

where M IC,Others
j,t−1 is the lagged value of Chinese imports to an industry in Brazil, Indonesia,

Malaysia and Mexico. This approach assumes that the rise in Chinese manufacturing exports

to developing countries was primarily driven by internal supply shocks and reduced trade

costs but not by unobserved import demand shocks in developing countries (Autor et al.

(2013)). Consider a scenario where a technology shock in an industry increases the demand

for Chinese imports in developing countries. Our estimates will then be capturing the effect

of this technology shock and would erroneously attribute it to Chinese import competition.

To study the effect of imported inputs from China on firm performance we calculate the
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exposure of an industry j to Chinese imported inputs in year t as:

INP china
jt =

∑
s

αjs · IP china
st (3)

where αjs is the share of input s in total output for industry j and IP china
st is the import

penetration ratio for input s. The instrument for INP china
jt is given by instrumenting for

Chinese penetration ratio as given in (2) except the import penetration and its instrument

is calculated for the input sector s instead of the industry j:

IV INP
china
jt =

∑
s

αjs · IV china
st (4)

We also proxy for Chinese import competition in foreign markets by the import share of

China in the US market given by:

ISChina,USj,t =
MChina,US

j,t−1

MUS
j,t−1

(5)

2.2 Markups and marginal cost estimation

We closely follow the methodology proposed by De Loecker et al. (2016) to estimate the

coefficients of the production function and calculate markups and marginal costs at the

firm-product level. De Loecker et al. (2016) improve upon the prevalent techniques in the

literature on estimating production functions (Levinsohn and Petrin (2003);Olley and Pakes

(1996)) by: (1) explicitly allowing for multi-product production function, (2) overcoming

bias in revenue based production function estimates by using information on quantities of

products, (3) accounting for unobserved input allocations across products within a multi-

product firm, and (4) addressing bias arising from unobserved firm specific input prices. The

methodology to estimate markups and marginal costs is briefly described below.
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Let the production function for firm-product ip in year t be given by:

Qipt = Fpt(Ript, Kipt, Lipt)Ωpt (6)

where Q is physical output, R is raw materials and is the freely adjustable input, K and

L are capital stock and labor expenditures respectively and are fixed inputs, and Ω is firm

level productivity. Product wise cost minimization subject to (5) and input costs results in

the following expression for firm-product level markups:

µipt = (
PiptQipt

WR
iptRipt

)
∂Qipt

∂Ript

Ript

Qipt

=
θRipt
αRipt

(7)

where µipt is the firm-product level markup, Wipt is the input price for raw materials, αRipt is

the ratio of raw materials expenditure allocated to product p to the total sales of product p,

and θRipt is the output elasticity with respect to raw materials (variable input in our case).

Firm-product level marginal costs can then be calculated using markups estimated above

combined with data on firm-product level prices as:

costipt =
Pipt
µipt

(8)

To estimate coefficients of production function, we take logs of equation (5) while allowing

for an additive error term, εipt, to capture measurement error and/or unanticipated output

shocks. Taking ωit = ln(Ωit) and collecting log of physical inputs in the vector xipt, the

estimation equation is given by:

qipt = fp(xipt;β) + ωit + εipt (9)

As within firm allocation of inputs across products and physical quantities for inputs are

unobserved by us 2, we substitute xipt = ρipt + x̃ipt − wipt in equation (8) to obtain:

2We only observe deflated expenditures on each input by the firm using industry level deflators
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qipt = fp(x̃ipt;β) + A(ρipt, x̃ipt,β) +B(wipt, ρipt, x̃ipt,β) + ωit + εipt (10)

where ρipt is the log of input share of product p, x̃ipt is the deflated input expenditure, wipt

captures the log difference of firm-product specific input price and the industry level input

price index. A(.) denotes the bias arising from unobserved product level input allocation

while B(.) denotes the bias due to unobserved input prices specific to a firm-product. We

now need to estimate the production function coefficients , β, and the unobserved input

allocation, ρipt.

Under the assumption that a multi-product firm and single product firm producing the

same product use the same production technology, observations on single product firms for

each industry can be used to estimate the production function in (9). For single product

firms, A(.) = 0, and hence we do not need to address the bias due to unobserved shares of

inputs allocated to products within a firm. As we only use single product firm sample for

production function estimation, subscript p can be dropped. To account for input price bias,

unobserved firm specific prices, wit, is approximated by output prices (pit, product dummies

(Dp), market shares (sit) and exporting status (expit). The input price control function is

given by:

wxit = wt(pit, Dp, sit, expit) (11)

A static input demand function is used to control for unobserved productivity shocks follow-

ing Olley and Pakes (1996) and Levinsohn and Petrin (2003). The demand for raw materials

is assumed to be a function of productivity, other fixed inputs (capital and labor), and all

variables that affect the demand for materials. The additional variables affecting material

demand are output prices (pit), product dummies (Dp), market shares (sit), exporting status

(expit), and output tariffs (τ outputit ), input tariffs (τ inputit ) and Chinese import penetration ra-

tio (IP china
it ) on the product produced by the firm i. The material demand function is given

by
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r̃it = rt(ωit, k̃it, l̃it, pit, Dp, sit, expit, τ
output
it , τ inputit , IP china

it ) (12)

Inverting the material demand function gives the control function for productivity:

ωit = ht(r̃it, k̃it, l̃it, pit, Dp, sit, expit, τ
output
it , τ inputit , IP china

it )

= ht(xit, zit)

(13)

where zit consists of all variables affecting input demand except other inputs and unobserved

productivity.

The use of only single product firms to estimate the production function raises concerns

regarding selection bias. This would be the case if number of products produced by a firm

is a function of the unobserved productivity or the inputs. Similar to the correction for

exit of firms proposed by Olley and Pakes (1996), the probability of a firm remaining a

single product firm (SPit) is modelled as a function of previous period productivity and a

productivity cutoff.

The law of motion for productivity is given by:

ωit = gt(ωit−1, τ
output
it−1 , τ inputit−1 , IP

china
it−1 , expit, SPit) + ξit (14)

We can express output as a function of observable variables and the error term by com-

bining f(.) and B(.) into a function φ(.). Output can then be expressed as:

qit = φt(x̃it, zit) + εit (15)

where φt(.) identifies output net of measurement error, εit. Estimation of (14) yields predicted

values of output, φ̂. Productivity can now be expressed as a function of observables and
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parameters and is given by:

ωit = φ̂it − f(x̃it;β)−B((pit, Dp, sit, expit), (pit, Dp, sit, expit)× x̃it; δ) (16)

where δ denotes the parameters of the input price control function.

To estimate the parameters, β and δ, we use equation (13) to construct moments based

on the innovation in the productivity shock, ξit. The moments identifying the parameters

are given by:

E(ξit(β, δ)Zit) = 0 (17)

where Zit consists of lagged materials, current capital and labor, with their higher orders

and interaction terms, and also contains lagged output prices, Chinese import penetration

ratio, lagged market shares, lagged tariffs and their interaction with inputs. The estimation

procedure employed is the GMM procedure suggested by Wooldridge (2009). The estimation

procedure yields estimates for β and δ and hence all parameters of the production function

as well as input price functions are identified. Input allocation between products within

a multi-product firm can be recovered by dividing the production function into two sepa-

rate functions, f1 and f2, with only f2 depending on the input allocation across products.

Predicted output can be expressed as:

q̂ipt = f(x̃it, β̂, ŵipt, ρipt) + ωit (18)

The below system of equations can be solved to recover firm level productivity and input

allocation between products within a firm.

q̂ipt = f1(x̃it, β̂, ŵipt) + f2(x̃it, ŵipt, ρipt) + ωit (19)

∑
j

exp(ρipt) = 1 (20)
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Once we estimate the input allocation across products within a firm, we can use (6) and (7)

to calculate firm-product level markups and marginal costs respectively.

2.3 Quality in domestic market

The evidence on effect of increased import competition on quality has mainly focused on

exporting firms (Fan et al. (2015)) or country level exports (Amiti and Khandelwal (2013)).

These studies find that import competition enables quality upgrading. However, there is

much less clarity on effect of import competition on quality of products produced by domestic

producers. Fernandes and Paunov (2009) study the effect of import competition on domestic

as well as exporting Chilean firms. However their measure of quality is based on unit values

which are an imperfect measure of quality and are often noisy (Amiti and Khandelwal

(2013)). Our first measure of quality follows the methodology of Khandelwal et al. (2013) and

is based on the intuition that conditional on price a firm-product having higher quantities

has higher quality. We adapt their methodology for the domestic market setting of this

paper. Within each product category, we treat each firm-product as a distinct variety and

estimate its quality as outlined below. The first step involves estimating the residual from

the following OLS regression:

qipt + σkpipt = αp + αt + νipt (21)

where we assume specific values of σ for product p, and αp and αt are product and time fixed

effects respectively. Our primary measure for quality relies on industry wise estimates of σ

from Broda et al. (2006). We also set σ to equal 5 and 10 for all industries for our secondary

measures of quality, as in Fan et al. (2015). Estimated quality is then given by:

γ̂ipt =
ν̂ipt
σ − 1

(22)

We also estimate a second measure of quality based on Forlani et al. (2016) where quality
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is a function of estimated markups, unit prices and quantities and is given by:3

γ̂ipt = µiptpipt + (1− µipt)qipt (23)

Following insights from Aghion et al. (2005) and Aghion et al. (2009), we allow for the

relationship between import competition from China and quality of firm-products to be

moderated by the firm-product’s distance from the technology frontier. In our setting of the

domestic Indian economy, the technology frontier is defined for the domestic market. We

define the distance from domestic frontier of a firm-product-year observation as:

PFipt =
exp(γipt)

maxiεpt(exp(γipt))
(24)

where PFipt denotes proximity to the domestic technology frontier and takes on value of

1 for firm-products at the domestic technology frontier, i.e., firm-products having highest

quality within each product category.

2.4 Effect of Chinese import competition

We start by estimating the firm level effects of Chinese import competition by estimating

the below specification:

∆Xijt = α0 + αi + αj(3),t + β1IP
china
ij,t−3 + β2IS

China,US
ij,t−3 + νijt (25)

where X denotes three period growth in sales, exports, wages, capital and materials expen-

diture. αi & αj(3),t are firm and industry-year (NIC 3 digit) fixed effects to sweep out time

invariant firm specific variables and yearly shocks to industries which may be correlated with

Chinese imports. IP china
ij,t−3 & ISChina,USij,t−3 are computed as a sales share weighted average of

product level variables defined earlier.

3This measure has also been recently used in Stiebale and Vencappa (2018)
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Next, we study the within firm product changes in prices, marginal costs, markups and

quality in response to Chinese import competition by estimating the below specification:

∆Xipt = α0 + αip + αj(3),t + β1IP
china
j,t−3 + β2INP

china
j,t−3 + β3IS

China,US
j,t−3 + νipt (26)

where X denotes three period growth in prices, marginal costs, markups and quality. We

exploit within firm-product variation and control for industry-year specific shocks that may

be correlated with Chinese imports.

Finally, we use the following specification to relate firm-product growth in quality, prices,

marginal costs and markups to Chinese import competition, proximity to domestic technol-

ogy frontier and the interaction between the two:

∆Xipt = α0 + αip + αj(3),t + β1IP
china
j,t−3 + β2INP

china
j,t−3 + β3(IP china

j,t−3 xPFip,t−3) + β4PFip,t−3 + νipt

(27)

where ∆Xipt is three period growth for a firm-product between time period t and t − 3

while all explanatory variables are in levels in period t− 3. We study growth in dependent

variables over three periods as this lets us optimally exploit China’s import rise till the year

2007 which is just before the financial crisis period. Chinese imports to India and other

developing countries increased exponentially from 2003 onward and hence we want to use as

much of post 2003 data as possible in our estimation.

3 Data

Our primary source for firm level data is the Prowess database from the Centre for Monitoring

the Indian Economy (CMIE). Prowess database has information on financial performance

of over 45000 firms across manufacturing, services, financial and utility sectors. These firms

account for a substantial fraction of output in the organized manufacturing sector and taxes

collected by the governments. For this study we focus on firms in the manufacturing sector
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for the sample period 1995-2010. A unique feature of Prowess database is that it captures

detailed information on firms’ product level production including quantity,sales and capacity

of each product manufactured by the firm. The 1956 Companies Act requires firms to report

detailed production data for all products manufactured by the firm. The internal product

classification of CMIE assigns a 20 digit unique code to each product. There are over 3500

unique products in our cleaned sample. These product codes were mapped to the National

Industries Classification (NIC) 2004 revision.

The data on Chinese imports to India and other developing countries, namely Malaysia,

Indonesia, Brazil and Mexico, was sourced from the UN-COMTRADE database. The HS

six-digit products were mapped to the NIC 2004 revision. We combine the Chinese import

data above with industry level production data from Annual Survey of Industries (ASI)4 and

National Sample Survey Office (NSSO) 5 and industry level data on total exports and imports

for India from UN-COMTRADE database to calculate the import penetration ratio measure

and its instrument in (1) and (2) respectively. Finally we proxy for elasticity of substitution

between varieties in each industry by using industry specific elasticities for imports into India

from Broda et al. (2006).

4 Results

4.1 Import competition and prices, costs and markups

We plot the distribution of prices (figure 7), marginal costs (figure 8) and markups (9) for

firm-product pairs present at both the start and end of sample period. We compare prices,

costs and markups by plotting residuals from regressing these on firm-product fixed effects

to make them comparable across product categories.6. We plot the distributions for the time

4ASI data reports production data for registered manufacturing firms in the organized manufacturing
sector.

5The NSSO surveys unregistered manufacturing units in the manufacturing sector.
6This approach is similar to that used in De Loecker et al. (2016)
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period 1995-2007

These figures suggest that there was a considerable leftward shift (reduction) in factory gate

prices. However, marginal costs moved only slightly leftward and there was no significant

shift in the markups distribution for the period 1995-2007. However, these aggregate trends

may be confounded by industry specific factors affecting firm-product level prices, costs and

markups. Hence, we now report the results from estimating the main specification discussed

in the earlier sections.

Table 6 reports the results from estimating equation (25) using instrumental variables

estimation to causally identify the effect of Chinese import competition on firm level perfor-

mance and production input variables. The results suggest that there was a positive effect

of Chinese import competition on growth in firm sales and exports, however the effects are

not statistically significant (columns (1) & (2)). Chinese import competition also led to

negative growth in wages and capital inputs while there was no significant effect on growth

in materials input (columns 3-5). These results are suggestive of substantial within firm

adjustments in inputs which cannot be explained by within firm across product reallocation

of input resources (Medina, 2017).

Next, we study the within firm-product changes in prices, costs and markups by estimat-

ing equation (26). Table 7 reports the results. We find that Chinese import competition

resulted in significant reduction in prices (column 1) and marginal costs (column 4) and

increase in markups for firm products (column 7). The coefficients on prices and markups

equal costs as these variables are in logs. The results suggest that there was only partial

pass-through of costs to prices. Firms are able to considerably reduce marginal costs plausi-

bly due to reduction in X-inefficiencies. We do not observe a similar decline in prices as firms

offset this reduction in costs by increasing markups. Thus, the effect on prices is lower than

would have been expected in the case of constant markups. Our results are qualitatively

similar to those of De Loecker et al. (2016) who study the effect of unilateral trade liberaliza-

tion in India on prices, costs and markups. Columns 2,5 and 8 include a measure of Chinese
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imported inputs and we find that although the coefficients are much larger compared to that

on the Chinese import competition measure, they are statistically insignificant.7

Finally, we test for heterogeneous response to Chinese import competition based on

distance to technology frontier. If the overall effect on costs and markups reported above

uniformly applied to all firms, we would not expect the markups increases to explain the

hypothesized non-monotonic relationship between import competition and quality growth

earlier. However, if firm-products closer to the technology frontier are differentially affected

compared to those that are further away, markups increases could be a plausible channel

linking import competition and quality growth. We estimate equation (27) with three period

growth in prices, costs and markups as the dependent variable and the results are reported

in columns 3,6 and 9 respectively. We find strong evidence that firm-products closer to the

frontier saw differentially negative growth in prices and marginal costs, and positive growth

in markups. Thus, the reduced overall prices of firm-products were driven by low quality

firm-products which were away from the frontier. The overall effect on marginal costs and

markups were driven mostly by firm-products closer to the quality frontier.

Thus, firms closer to the frontier would be better able to invest the additional profits

from increased markups towards innovation activities as compared to firms away from the

frontier.This differential effect of Chinese import competition on marginal costs and markups

based on proximity to technology frontier provides a plausible link between import compe-

tition and quality upgrading for firm-products in India.

7Chinese import competition can lead to reduced costs for firms from increased efficiency which increases
markups and simultaneously induce lowering of markups due to pro-competitive effects in the product market.
The results in Table 7 suggest that the cost channel is more salient and hence there is an overall increase in
markups. To isolate the pro-competitive effects of Chinese import competition, we follow De Loecker et al.
(2016) and control for the effect of marginal costs by including a quadratic polynomial of marginal costs
with markups as the dependent variable in equation (26):

µipt = α0 + αip+ αj(3),t + β1IP
china
j,t−1 + β2costipt + β2cost

2
ipt + νipt (28)

The results from estimating (28) are reported in appendix table A1. The results suggest that conditional on
cost effects, import competition from China indeed put downward pressure on markups.
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4.2 Chinese import competition and quality growth

Our results on prices, marginal costs and markups in the above section suggest that the

gains from increased Chinese import competition mainly accrued to producers, at least in the

short run. Producers were able to reduced marginal costs considerably while simultaneously

increasing markups. Next, we explore other potential gains to consumers in terms of quality

upgrading, apart from the modest reduction in prices. The results from estimating equation

(26) and (27) with three period growth in quality as the dependent variable is reported in

table 8. We use our quality measure based on citetkhandelwal2013 in columns 1-6, based

on Forlani et al. (2016) in columns 7-9 and use unit prices as proxy for quality in column

10. Columns 1-3 use σ values from Broda et al. (2006) while we fix σ = 5 in columns 4-

6. The results suggest that Chinese import competition led to no overall effect on quality

upgrading (columns 1-2) or negative and significant degradation in overall quality (columns

4-5 & columns 7-8). Thus, our results suggest that import competition may not lead to

overall quality upgrading and may even lead to lowering of overall quality in the domestic

market once we include both exporters and non-exporting domestic firms in our sample.

This finding is contrary to the unambiguous positive effect on quality upgrading reported in

Amiti and Khandelwal (2013) who study the quality upgrading of exported varieties from

various countries to the US market.

Columns 3, 6, 9 & 10 report the result from estimating specification (27), which is similar

to that employed in Aghion et al. (2009) & Amiti and Khandelwal (2013). Firms away

from the technology frontier are discouraged from investing in innovation as they would not

survive the competition even after innovating successfully (β1 < 0). On the other hand, firms

closer to the technology frontier can escape losses from increased competition by investing in

innovation (β3 > 0). We find strong support for the hypothesized non monotonic relationship

between import competition and quality upgrading. Firm-products closer to the technology

frontier increased their quality (β3 > 0), while firm-products away from the technology

frontier (PF ip,t−3 ≈ 0) reduced quality of their products in response to Chinese import

17



competition. The results also provide suggestive evidence of convergence as we find β4 < 0,

implying that firm-products further from the frontier experience faster quality growth. The

results are robust across different quality measures. These results are qualitatively similar

to the findings of Amiti and Khandelwal (2013) who find that import competition result in

quality upgrading of varieties closer to the world technology frontier.

4.3 Robustness

In this section, we check the robustness of our results to selection bias and alternative

measures of Chinese import competition. One concern with our main results on the non-

monotonic relationship between competition and quality upgrading is that it might be driven

by re-allocation of resources from low quality to high quality products within firms and also if

high (low) quality firm-products are more (less) likely to survive in the face of Chinese import

competition. This would be problematic as the hypothesized relationship works primarily

through within firm-product increases in quality based on proximity to quality frontier of the

firm-product and not through re-allocation channel. To check the robustness of our results

to selection issues, we report results from adding a triple interaction term between Chinese

import competition, proximity to quality frontier and an indicator of switching (columns

1,4)/product addition (columns 2, 5) and product drop (columns 3, 6) in table 9. Our

main results are robust to this specification and suggest that the non monotonic relationship

between competition and quality upgrading holds even in firms which did not switch, add or

drop products. These results hold for both our measures of quality. Thus, our results are not

driven by within firm across product re-allocation of resources. In table 10, we report results

from estimating equation (27) with different measures of Chinese import competition. The

various alternate measures for Chinese import competition is given by: MIC

Y
in columns 1 &

4; MIC

Y+M
in columns 2 & 5; and IPchina x WTO in columns 3 & 6. Here we have dropped

subscript for brevity and M IC denotes Chinese imports to India, M denotes total imports

to India and Y denotes domestic production in any given industry. WTO is an indicator

18



variable equal to 1 for years 2002 and later. Our main results are robust to these alternative

measures of Chinese import competition and we continue to find strong evidence for non

monotonic relation between competition and innovation.

5 Conclusion

In this paper, we estimate the effect of Chinese import competition on prices, costs, markups

and quality growth of firm-products in the case of a large developing country like India. We

were able to overcome data limitations regarding availability of detailed product level data

for firms in the domestic market which enabled us to study the effect of Chinese import

competition on quality upgrading for both domestic and exporting firms.

Our result suggest that firms closer to the technology frontier are able to reduce costs

and increased markups. These firms are also able to upgrade quality, plausibly by investing

profits from increased markups in innovation related activities. Thus, import competition

increases profits which lead to increase in quality, but only for firms which are initially closer

to the technology frontier.

In future work, we intend to expand our exploration of how Chinese import competition

affects firms’ investment in innovation activities other than quality like investment in research

and development or patents.
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Tables

Table 1: Chinese Imports and Exports in Developing Countries

Chinese Imports Chinese Import Exports to China Chinese Export
(in billions 2007 US$) share (in billions 2007 US$) share

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

Panel A: India
1995 1.102 0.022 0.452 0.01

2001 2.14 0.036 1.081 0.021

2007 24.58 0.122 9.49 0.065

Panel B: Mexico
1995 0.708 0.007 0.05 0

2001 4.715 0.024 0.451 0.002

2007 29.74 0.106 1.895 0.007

The table reports Chinese imports, import share, exports and export share for India (panel A) and Mexico (panel B) for years 1995,2001
and 2007.
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Table 2: Chinese Imports and Exports in Developing Countries

India Mexico Indonesia Malaysia Brazil

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

Panel A: Chinese Imports (in billions 2007 US$)
1995 1.102 0.708 2.034 2.334 0.569

2001 2.14 4.715 2.158 4.455 1.556

2007 24.58 29.74 8.558 18.842 12.621

Panel B: Chinese Import Share
1995 0.022 0.007 0.037 0.022 0.008

2001 0.036 0.024 0.06 0.052 0.024

2007 0.112 0.106 0.115 0.129 0.105

Panel C: Exports to China (in billions 2007 US$)
1995 0.452 0.05 2.37 2.662 1.638

2001 1.081 0.451 2.578 4.474 2.227

2007 9.49 1.895 9.675 15.444 10.749

Panel D: Chinese Export Share
1995 0.01 0 0.038 0.027 0.026

2001 0.021 0.002 0.039 0.043 0.033

2007 0.065 0.007 0.085 0.088 0.067

The table reports Chinese imports, import share, exports and export share for India, Mexico, Indonesia, Malaysia and Brazil for years
1995,2001 and 2007 in panels A,B,C and D respectively.
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Table 3: Markups, sector wise

Markups

Sector Mean Median

Food and Beverages 2.154625 1.144788
Textile and Apparel 2.052991 1.405984
Paper and Paper Products 2.443302 1.563417
Chemical and Chemical Products 3.955301 1.328957
Rubber and Plastic Products 2.162729 1.302694
Non-metallic Products 4.833217 2.298591
Basic Metals 2.230342 1.323997
Fabricated metal products 4.784414 1.451045
Machinery and equipment 2.714002 1.360666
Electrical machinery 3.495139 1.382335
Motor vehicles and Transport Equipment 1.754854 1.707909
Furniture and Manufacturing n.e.c. 2.065985 1.077042

Average 2.964918 1.362076

Table 4: Output Elasticities

Returns
Sector Observations Labor Material Capital to scale

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

Food and Beverages 1129 0.14 0.81 0.03 0.98
Textile and Apparel 3114 0.13 0.80 0.10 1.03
Paper and Paper Products 1263 0.14 0.87 0.09 1.11
Chemical and Chemical Products 3023 0.28 0.73 0.02 1.03
Rubber and Plastic Products 1574 0.18 0.79 0.15 1.12
Non-metallic Products 694 0.18 0.66 0.14 0.98
Basic Metals 2180 0.14 0.84 0.11 1.09
Fabricated metal products 575 0.29 0.79 0.08 1.16
Machinery and equipment 1071 0.30 0.67 0.10 1.07
Electrical machinery 979 0.22 0.78 0.05 1.05
Motor vehicles and Transport Equipment 225 -0.19 1.02 0.13 0.96
Furniture and Manufacturing n.e.c. 308 0.42 0.50 -0.13 0.79

The table reports average output elasticities from estimation of the translog production function. Column 1 reports the number of
observations for production function estimation. Columns 2-4 report average output elasticities for the factors of production while
column 5 reports the average returns to scale.
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Table 5: Summary Statistics

variable description N mean sd

Panel A : industry level variables

IPchina Chinese import competition 1083 0.04 0.15

INPchina Chinese imported inputs 1067 0.02 0.04

ISChina,US Chinese import share(US) 1083 0.12 0.15

Panel B : firm level variables

l Labor costs (log) 45827 3.17 1.82

k Gross fixed assets (log) 45827 5.66 1.72

m Material costs (log) 45791 -1.72 1.99

Sales sales (log) 45827 6.2 1.8

Exports exports (log) 25380 4.12 2.42

Panel C : firm− product level variables

q quantity (log) 99705 9.31 4.22

µ markups (log) 98114 0.04 1.97

p unit value (log) 99229 -11.69 3.7

cost marginal cost (log) 98114 -11.73 4.08

The table reports summary statistics for key variables.
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Table 9: Within Firm-Product Effects: Product Switching

Dependent Variable : ∆Quality

Quality : Khandelwal et al. (2013) Forlani et al. (2016)

V:Switch V:Add V:Drop V:Switch V:Add V:Drop

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

IPchina
j,t−3 (A) -0.705 -0.415 -0.166 -50.68*** -52.29*** -47.13***

(0.432) (0.339) (0.411) (7.644) (7.561) (7.827)

INPchina
j,t−3 (B) -8.041 -4.662 -4.834 43.71 61.46 62.98

(10.77) (11.03) (11.09) (220.8) (249.6) (249.0)

IPchina
j,t−3 x PFip,t−3 (C) 1.318** 1.297** 0.983* 16.60* 22.09** 18.70*

(0.583) (0.492) (0.551) (8.509) (10.15) (10.10)

IPchina
j,t−3 x PFip,t−3 x Vij,t−3 (D) 1.572 -0.831 1.783 -23.38 -65.07 -43.96

(1.109) (2.043) (1.219) (27.28) (41.87) (38.25)

IPchina
j,t−3 x Vij,t−3 (E) -1.723** 0.466 -1.664 -8.119 6.998 -11.90

(0.820) (1.766) (1.088) (14.22) (11.03) (15.69)

PFip,t−3 x Vij,t−3 (F) -0.188*** -0.0214 -0.160*** 0.895 1.257 1.175
(0.0407) (0.0705) (0.0587) (1.338) (1.414) (1.377)

PFip,t−3 (G) -1.130*** -1.164*** -1.134*** -7.633*** -7.413*** -7.413***
(0.0890) (0.0898) (0.0889) (1.140) (1.127) (1.158)

Vij,t−3 (H) 0.132*** 0.0136 0.153*** -0.344 -0.450 0.0181
(0.0294) (0.0469) (0.0489) (1.149) (0.601) (0.904)

ISChina,US
j,t−3 x PFip,t−3 (I) 0.632* 0.664* 0.633* 16.92** 17.69** 17.55**

(0.337) (0.350) (0.351) (6.512) (6.833) (6.889)

ISChina,US
j,t−3 (J) -1.146 -1.410* -1.363* -3.739 -4.020 -3.751

(0.728) (0.714) (0.724) (4.923) (5.019) (5.059)

Instrumented Variables ABCDE ABCDE ABCDE ABCDE ABCDE ABCDE

Firm − product FE Yes Yes Yes Yes Yes Yes

Industry(NIC3 − digit) − Year FE Yes Yes Yes Yes Yes Yes

Observations 44,503 37,041 37,041 44,136 36,745 36,745

Table reports results for firm level heterogeneity (based on product switching) in the relationship between
quality growth and Chinese import competition, proximity to frontier and the their interaction. The firm level
variables for product switching are denoted by Vij,t−3 where V is an indicator variable equal to 1 if : firm
either adds or drops a product (columns (1) & (4)), drops a product (columns (2) & (5)), and adds a product
(columns (3) & (6)) . Quality is estimated following the methodology of Khandelwal et al. (2013) in columns 1-3
and using the methodology of Forlani et al. (2016) in columns 4-6. Columns 1 to 3 use the elasticity values from
Broda et al. (2006).These quality measures are then used to estimate proximity to frontier variable,PFip,t−3

We use IVchina
jt computed in (2) as instrument for Chinese import penetration ratio for industry j in India,

IPchina
jt . The import penetration ratio for inputs to the industry,INPchina

j,t−3 , is instrumented by IVINP
china
jt

calculated in (4).ISChina,US
j,t−3 denotes the import share of China in the US market in industryj. Robust standard

errors are in parentheses and are clustered at the product-industry level (NIC 4 digit). The regressions include
output and input tariffs as explanatory variables. Significance * 10%, ** 5%, *** 1%
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Figure 1: Chinese imports to India from 1995-2007
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Figure 2: Chinese imports to India from 1995-2007
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Figure 3: Chinese imports to India and other developing countries, namely Brazil, Malaysia,
Indonesia and Mexico, from 1995-2007
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Figure 4: Chinese import share in India and other developing countries, namely Brazil,
Malaysia, Indonesia and Mexico, from 1995-2007
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Figure 5: Chinese import share in India and Mexico, from 1995-2007
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Figure 6: Difference in Quality growth between high and low Chinese Import competition
industries
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Figure 7: Sample only includes firm-product pairs present in 1995 and 2007. Values are
demeaned using firm-product fixed effects.
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Figure 8: Sample only includes firm-product pairs present in 1995 and 2007.

35



0
.2

.4
.6

.8
1

D
en

si
ty

−1.5 −1 −.5 0 .5 1 1.5
Log Markups

1995 2007

Distribution of Markups

Figure 9: Sample only includes firm-product pairs present in 1995 and 2007.
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6 Appendix

Table A1: Pro-competitive effects

markupsipt

(1)

IPchina
jt -0.158***

(0.0593)

marginalcostipt -0.867***
(0.0482)

marginalcost2ipt -0.00707***

(0.00115)

Observations 91,942

Within R − squared 0.639

Firm − product FE Yes

Industry(NIC3 − digit) − Year FE Yes

Dependent variable is log of markups. We use
IVchina

jt computed in (2) as an instrument for
Chinese import penetration ratio for industry j
in India, IPchina

jt . Robust standard errors are in
parentheses and are clustered at the NIC 3-digit
industry level. The regressions include output
and input tariffs as explanatory variables. Sig-
nificance * 10%, ** 5%, *** 1%
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