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JEL classification codes: This paper exploits China’s accession to the WTO to investigate the impact of a supply shock on
F14 quality across the Indian production network. After controlling for increased import competition,
F63

including in downstream and third-country markets, and for new export opportunities, we find

o4 that a fall in input tariffs raises revenue, quality and prices, whilst lowering quality-adjusted
Iéeyv;ords: prices and the probability of product exit — consistent with a simple model of multi-product
uality

manufacturers gaining access to higher-quality components. Upgrading persists for at least ten
years; at the peak in 2010, products with a 10% higher pre-accession input tariff, and hence a
larger post-accession fall in tariffs, have 5.3% higher quality. This in turn raises quality further
down the supply chain, with input-output linkages amplifying the one-step effect by up to 75%.
These results highlight a potential beneficial impact of the “China shock” in developing countries,
namely supply-driven quality upgrading.

Production networks
International trade

1. Introduction

China’s rapid industrial expansion since 2000 has had repercussions across global markets. The negative effects on manufacturing
in the USA, among other developed countries, have been widely studied (e.g., Autor, Dorn, & Hanson, 2013; Bloom, Handley, Kurman,
& Luck, 2019). Yet the implications are far broader: more than three billion people live in emerging economies that have developed
large trade deficits with China since 2000. Fig. 1 shows the per capita bilateral deficit with China in the next five largest developing
countries: the rapid takeoffs in these deficits are striking, and strikingly similar." Moreover, the composition of the imports from China
driving these deficits is markedly different from the US story (Fig. 2). In the USA, the rise in Chinese imports is mostly capital and
consumption goods. In contrast, in large developing countries it is imports of intermediate inputs — i.e. parts and components yet to be
assembled into final products — that are dominant, and that grow the fastest.
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1 We exclude Brazil, which — as a major commodity exporter to China — has a different pattern, examined in Costa et al. (2016).
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Fig. 1. Bilateral per capita trade deficits with China.
Notes: This graph shows the annual net goods trade deficit with China, in US$ per capita, in the five largest developing countries (excluding China
itself, and excluding Brazil — which is, in contrast, predominantly a commodity exporter to China, as examined in Costa, Garred, and Pessoa (2016)).

Source: UN Comtrade.
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Fig. 2. Total imports from China by type of good, US$ per capita.
Notes: These graphs show countries’ respective imports from China, in US$ per capita, split by end use. Goods are divided into three categories —
specifically consumption goods, intermediate goods and capital goods — according to the UN’s Broad Economic Categories classification (Revision

4). Source: UN Comtrade.
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How did this sudden flood of Chinese components affect manufacturing firms in developing countries? We address this question
using firm-product-level data from India, by far the largest of these trade partners.” Given the lack of linked customs-firm data, the first
challenge is to isolate the effect of these inputs from other impacts of China’s expansion. Fig. 3 provides an overview of the key
channels, from the perspective of a single product, Good 0, embedded within a supply chain in India. New Chinese inputs compete with
existing inputs, improving the price and/or quality of Good —1 available for use in Good 0. Yet Chinese imports may also compete
directly with Good 0, as is the focus of import competition studies (e.g., Autor et al., 2013). In addition, such imports could reduce
demand for Good 0 as a component, by competing with domestic producers of the final consumption good, Good 1.° Further
competition occurs in export markets, as Indian producers face new Chinese competition when selling into the OECD, for example."
Lastly, Indian exporters can also export to the Chinese domestic market — although Indian exports to China are far smaller than the
reverse, as already noted.”®

To gauge the impact of the input channel, while controlling for the others, we exploit China’s accession to the WTO in 2001 and the
resulting changes in tariffs. Lower average tariffs on input goods — identified using detailed input-output shares from the Indian
Ministry of Statistics and Programme Implementation (MoSPI) — increase competition in input markets. Effects via outputs (channel
(iii) in Fig. 3) follow similarly, and the remaining channels - direct import competition, export competition, and export opportunity —
are identifiable using changes in Indian tariffs on Chinese goods, world tariffs on Chinese goods, and Chinese tariffs on Indian goods
respectively.”

Guided by a simple model of multi-product manufacturers, we then assess the impact of improved access to intermediates from
China on a range of firm outcomes. We find that a fall in the tariffs on a firm’s inputs raises revenue, quality and prices whilst lowering
quality-adjusted prices and the probability of product exit, consistent with the theoretical framework. In the main specification,
following Lu and Yu (2015), a 10% higher average tariff on input industries in 2001, and hence a larger post-accession fall in tariffs,
corresponds to a 2.4% rise in quality and a 1.9% rise in price in the post-accession period. This “quality in, quality out” upgrading effect
contrasts with previous “demand-pull” (e.g., Verhoogen, 2008) and “escape competition” (Amiti & Khandelwal, 2013; Medina, 2021)
quality-upgrading mechanisms. It has a similar flavour to previous “variety in, variety out” findings on product scope across India’s
trade liberalization in the early 1990s (Goldberg, Khandelwal, & Pavenik, 2010; Goldberg, Khandelwal, Pavenik, & Topalova, 2010a),
but differs in focusing on the intensive rather than the extensive margin.®

This supply-driven quality-upgrading result is robust to various alternative specifications. It holds both when estimating quality
directly using the method of Khandelwal, Schott, and Wei (2013), and when inferring quality from observables (as in e.g., Verhoogen,
2008, Kugler & Verhoogen, 2012). Likewise we find similar results with an alternative identification method inspired by Autor et al.
(2013), and when using various combinations of controls and fixed effects. We also draw on the geographic collocation measure of
Acemoglu, Akcigit, and Kerr (2015) to confirm that the upgrading effect is indeed driven by production linkages per se, rather than
simply proxying for the tendency of related industries to locate close to one another. Comparing the input channel to measures of the
four others in Fig. 3, we find that its effects are relatively significant and relatively important — as expected from the composition of
Indian imports from China. Disaggregating, quality upgrading occurs only in medium and large firms, suggesting the presence of fixed
costs to adapting procurement to take advantage of newly available higher-quality inputs.

We then consider spillovers of the supply-driven quality-upgrading effect in two dimensions. First, it persists over time. Upgrading
continues for at least ten years; at the peak in 2010, products with a 10% higher pre-accession input tariff, and hence a larger post-
accession fall in tariffs, have 5.3% higher quality. Second, upgrading spreads to other firms. We use a novel method to trace the
propagation of the effect along the supply chain, and find a knock-on quality upgrade for the next product in line. In other words,
access to better inputs (Good —1) raises quality not just of the product using them (Good 0), but also raises the quality of products for
which Good 0 is itself a component (Good 1). When broadening the analysis to include all ripples throughout the input-output network,
using coefficients of the Leontief inverse matrix, the peak upgrading effect is amplified by up to 75% in 2010, though the average
amplification effect over the period is more modest. We thus find that the production network plays a significant role in spreading the
effects of the Chinese supply shock to other firms and industries whose immediate inputs are not themselves directly affected.

In sum, this paper finds evidence that China’s integration with Indian supply chains drove a persistent and widely spread rise in

2 This scale is reflected in the size of the resulting trade deficit with China, which grew from less than $1bn in 2000 to more than $50bn in 2015.

% Such “upstream” spillovers of import competition, where shocks to customers affect those who supply them, are considered in Acemoglu et al.
(2015) and Acemoglu, Autor, et al. (2016). We label this the “output channel” throughout this paper to avoid any ambiguity arising from the fact
that, in Figure 3, Good 1 is the downstream good.

4 Caselli, Chatterjee, and French (2018) and Branstetter, Kovak, Mauro, and Venancio (2019) find significant effects of Chinese competition
through this indirect channel, for Mexican and Portuguese exporters respectively.

5 Again, this export opportunity channel is, in contrast, important for Brazil (Costa et al., 2016).

6 The five channels shown in Figure 3 are clearly not exhaustive. For instance, there could be indirect input or output effects related to channels
(iv) or (v). We focus on the various import effects because these were important during India’s tariff liberalization in the early 1990s (e.g., De
Loecker et al., 2016; Goldberg, Khandelwal, Pavenik, & Topalova, 2010a; Topalova & Khandelwal, 2010), and goods exports (especially to China)
are a relatively small share of India’s GDP.

7 In robustness checks, we supplement this identification strategy with an alternative method, following Autor, Dorn and Hanson (2013, hereafter
ADH), that uses changes in trade flows between China and a basket of Southeast Asian countries to isolate plausibly exogenous changes in Chinese
import competition and export opportunities.

8 We find that fewer than 20% of manufacturing goods produced after 2001 are new products, at the seven-digit level, and that the quality-
upgrading effect holds even when excluding new products.
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Fig. 3. China’s growth & Indian manufacturing firms - five channels.

Notes: This figure provides an overview of five channels through which China’s accession to the WTO could affect Indian manufacturing firms. Thin
lines depict the Indian manufacturing supply chain, thick lines represent China’s exports, and dotted lines represent India’s exports. China’s
expansion could affect a particular product, Good 0, by: (i) increasing competition in the market for inputs, i.e. Good —1; (ii) increasing competition
directly in the domestic market for Good 0; (iii) increasing competition in the market for those final products Good 1 for which Good 0 is itself an
intermediate input; (iv) increasing competition in the export market for Good 0; and/or (v) providing new demand or opportunities to export to the
Chinese market.

quality, even as quality-adjusted prices fell. We then note the robust findings elsewhere that: (i) firms producing higher quality goods
pay higher wages to their workers (e.g., Kugler & Verhoogen, 2012; Verhoogen, 2008), and (ii) quality upgrading is strongly associated
with long-run growth and development (e.g., Grossman & Helpman, 1991; Hausmann & Rodrik, 2003; Hidalgo, Klinger, Barabasi, &
Hausmann, 2007; Khandelwal, 2010; Kremer, 1993; Lane, 2019; Matsuyama, 2008; Rodrik, 2006; Verhoogen, 2020). Altogether, this
suggests that the Indian population received important direct and indirect gains from trade from China’s resurgence through the
supply-driven quality-upgrading mechanism. From a policy perspective, this also highlights an additional source of potential benefits
forgone by the 2019 decision to withdraw India from the Regional Comprehensive Economic Partnership with other large Asian
economies.

This paper’s main contribution is that the “China shock” may have had important benefits for other developing countries through
the supply-driven quality-upgrading mechanism, particularly when the amplifying role of the production network is taken into ac-
count. More than three billion people live in developing economies which have grown large trade deficits with China since 2000, and
no previous paper considers this mechanism in detail. Along the way, we make three main methodological innovations. First, we
characterize five channels through which the “China shock” can affect a country — where previous studies consider only two or three —
and model their impact on a range of firm-level observables. We then extend standard import tariff and import competition measures
(Bernard & Jensen, 2002; Schott, 2002) to create analogous measures for each of the other four channels, allowing us to isolate the role
of the input channel. Finally, we develop a novel method for tracing ripple effects across a network, and use it to provide the first
evidence on the degree of quality propagation along a supply chain.

1.1. Literature

A growing recent literature considers the role of production networks in propagating and amplifying microeconomic shocks to have
macroeconomic implications (Acemoglu, Carvalho, Ozdaglar, & Tahbaz-Salehi, 2012; Acemoglu, Ozdaglar, & Tahbaz-Salehi, 2016;
Acemoglu & Tahbaz-Salehi, 2020; Carvalho, 2008; Carvalho, Nirei, Saito, & Tahbaz-Salehi, 2020; Fieler, Eslava, & Xu, 2018). Ace-
moglu et al. (2015) and Acemoglu, Autor, Dorn, Hanson, and Price (2016) use this framework to examine the China shock in the USA,
while Liu (2019) and Lane (2019) use a network lens to evaluate development policy in China and South Korea. Fieler et al. (2018) also
confirm the amplification effect on quality-upgrading through the production network with evidence from Colombian trade liber-
alization. This paper is closest to Acemoglu, Autor, et al. (2016), but the key difference in the Indian context is that the China shock has
a supply as well as a demand element, and indeed we find that the former has larger spillovers than the latter.’

° Investigating the spillovers of import competition, Acemoglu et al. (2015) show theoretically that demand shocks will mainly propagate up-
stream, while supply shocks will mainly propagate downstream. In their main model with Cobb-Douglas preferences and technologies, demand
shocks only travel upstream and supply shocks only travel downstream. Generalizations of the model (e.g., Acemoglu, Ozdaglar, & Tahbaz-Salehi,
2016) suggest only limited effects in the opposing directions, and their empirical results support the Cobb-Douglas version.
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Other papers investigating the impact of China’s increased role in global trade during the 1990s and 2000s have so far largely
focused on developed countries (Amiti, Dai, Feenstra, & Romalis, 2017; Autor et al., 2013; Autor, Dorn, & Hanson, 2016; Autor, Dorn,
Hanson, & Majlesi, 2016; Autor, Dorn, Hanson, & Song, 2014; Bloom, Draca, & Van Reenen, 2016; Dauth, Findeisen, & Suedekum,
2017; Pierce & Schott, 2016), with some work on China (Bas & Strauss-Kahn, 2015; Brandt, Van Biesebroeck, Wang, & Zhang, 2017;
Fan, Li, & Yeaple, 2015; Fan, Li, & Yeaple, 2018; Lu & Yu, 2015), Brazil (Costa et al., 2016), Mexico (Iacovone, Rauch, & Winters,
2013), Ecuador (Bas & Paunov, 2021) and India (Barua, 2015, 2016). The paper by Costa et al. (2016) is closely related, in considering
the upside of China’s boom for a developing country. However, its focus on the export opportunity channel in Brazil is less applicable to
India and other large developing countries, given that Bangladesh, India, Indonesia, Nigeria and Pakistan (the remainder of the largest
eight countries in the world, after excluding China, the USA and Brazil) all have large trade deficits with China, unlike Brazil. In the
same context of Chinas accession to the WTO, there is consistent evidence of its positive impact on Chinese firms export quality and
prices (Bas & Strauss-Kahn, 2015; Fan et al., 2015, 2018) as well as markups and productivity (Brandt et al., 2017; Lu & Yu, 2015). We
contribute to this literature by showing that such upgrading effects occur even after accounting for the role of the other four channels.
Our finding that access to imported inputs has especially large benefits for large firms echoes the results from lacovone et al. (2013) in
Mexico and Mexico and Bas and Paunov (2021) in Ecuador, while the relative granularity of the Indian input-output table allows us to
investigate the network aspects of the upgrading mechanism. On India, this paper builds upon Barua (2015, 2016) and Orr (2018) by
disentangling the five channels, considering input and output quality, and examining network effects.

A series of studies have focused on the import competition and imported input channels during the Indian tariff liberalization of the
1990s. Goldberg, Khandelwal, Pavenik, and Topalova (2010a) consider the impact of declines in input tariffs, Goldberg, Khandelwal,
Pavcenik, and Topalova (2010b) consider declines in output tariffs, and Topalova (2010) and Tapalova & Khandelwal (2010) consider
both together.'? Similarly, studies investigating the impact of tariff changes in other countries (e.g., Amiti & Konings, 2007; Halpern,
Koren, & Szeidl, 2015) have focused on examining the import channels.! Studies on India’s liberalization have considered a range of
dependent variables, e.g., product scope (Goldberg, Khandelwal, Pavenik, & Topalova, 2010a, 2010b) productivity (Krishna & Mitra,
1998; Sivadasan, 2009; Topalova & Khandelwal, 2010), and poverty and employment (Hasan, Mitra, & Ural Marchand, 2007,
Topalova, 2007, 2010, Edmonds, Pavenik, & Topalova, 2010); none to date focus on quality and quality-adjusted prices as the main
outcomes of interest, to the best of our knowledge.

Empirical studies usually deal with quality in four main ways. Those focusing on other dependent variables can use various controls
to remove quality effects. For instance, De Loecker, Goldberg, Khandelwal, and Pavenik (2016) proxy for input quality variation using
output prices, market shares and other observable product and firm characteristics, utilising the “O-Ring” assumption that production
of high-quality goods requires high-quality inputs (Kremer, 1993). Some studies have direct measures of quality (e.g., Atkin, Khan-
delwal, & Osman, 2017; Bai, Barwick, Cao, & Li, 2019; Bai, Gazze, & Wang, 2019; Chen & Juvenal, 2016, 2018, 2019; Hansman, Hjort,
& Le’on, G., & Teachout, M., 2017; Macchiavello & Miquel-Florensa, 2017, 2019), but to date these are only available for a limited
range of products, such as coffee, wines and rugs, so are not suitable for the type of large-scale sectoral effects considered here.'? To
investigate quality across the whole manufacturing sector, this paper primarily uses the approach of Khandelwal (2010) and Khan-
delwal et al. (2013). This imposes specific preferences, thus assuming that quantity and price have a certain relationship as given by the
resulting demand function, then backs out quality as quantity conditional on price. Intuitively, a variety in which a higher quantity is
consumed at the same price is judged to have a higher quality. Lastly, some studies (e.g., Kugler & Verhoogen, 2012; Verhoogen, 2008)
use reduced-form relationships between price and other observables to argue indirectly for a quality mechanism, to avoid making the
assumptions required for an explicit measure of quality. This paper also draws upon this approach: the results for revenue and prices,
which are directly observable, support the quality-upgrading mechanism, even in models without the CES assumption, as in
Appendix B.1.

The rest of this paper proceeds as follows. Section 2 describes the data, and Section 3 provides a brief theoretical framework to
structure the analysis. Section 4 then details the empirical specification, and Section 5 presents baseline results on the supply-driven
quality-upgrading mechanism. Section 6 explores the spillovers of this effect, specifically persistence over time and propagation across
the production network. Section 7 concludes, while Appendix A and Online Appendix B provide supplementary derivations and results.

2. Data

This paper uses manufacturing data for the financial years 1998 to 2013 from the Indian Annual Survey of Industries (ASI), which
comprises an exhaustive census of all manufacturing plants larger than 100 workers and a representative sample of plants that either a)
use electricity and employ >10 workers, or b) do not use electricity and employ >20 workers.'® In the main specifications we focus on

10 purely domestic aspects of India’s regulatory liberalization, such as the elimination of small-scale industry promotion considered by Martin,
Nataraj, and Harrison (2017), are less relevant here.

11 Investigations into declines in both input and output tariffs generally find that the former have larger effects. Muendler (2004) is an exception,
while Schor (2004) and Brandt et al. (2017) find the two to have similar magnitude.

12 These studies build on earlier work by Sutton (2000, 2004) and Goldberg and Verboven (2001), Macchiavello (2010), Crozet et al. (2012) and
Bai (2016), again with direct measures only in narrow markets, from machine tools to watermelons.

13 The ASI financial year runs from April to March; for convenience we label values for the 1998-99 financial year as 1998, and so on, throughout
this paper. In the case of multi-plant firms, the ASI data does not record which plants belong to which firms; this paper therefore conducts the
analysis at the level of plants and uses the terms “plant” and “firm” interchangeably.
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census firms to allow an examination of the product-exit margin, then in secondary results we also examine heterogeneity across the
full firm-size distribution. Each plant in the ASI is asked to detail the product type, production quantity and net sale value for each of its
top ten products, but incomplete data reporting means that product-level data are only available for a subset of factories, as shown in
Table 2.1. Product type is reported at the five-digit ASI Commodities Code (ASICC) level prior to 2010, or at the seven-digit National
Product Classification for Manufacturing Sector (NPCMS) thereafter.

We use annual bilateral tariffs from the UNCTAD Trade Analysis Information System (TRAINS), and annual bilateral trade flows
from UN Comtrade. We use publicly available concordances to map the ASICC codes onto NPCMS, the first five digits of which are
identical to the UN’s Central Product Classification (CPC). We then match these CPC codes to Harmonized System (HS) tariffs and
import/export flows. Each of these mappings is imperfect, resulting in the smaller subset in the third column of Table 2.1. However, the
table shows that firms which report product-level data, and whose product codes can be matched to trade data, are not substantially
different from those only reporting factory-level data.

Identifying variation comes from the fall in the tariffs on China’s imports and exports following its accession to the WTO in 2001.
India-China bilateral trade grew dramatically after 2001, shown in Fig. 4 Panel (a), particularly Indian imports from China. Chinese
exports to the OECD also grew dramatically, dwarfing those from India, as shown in Panel (b). Growing Chinese import competition
over the period was predominantly concentrated in manufactures rather than primary commodities, as shown in Fig. 5, with particular
clusters in electronics, textiles and chemicals.

3. Theoretical framework

We first provide a simple theoretical framework to structure the empirical analysis, building on the multi-product firm model of
Manova and Yu (2017). An exogenous improvement in access to inputs results in adjustments to quality, price, and other observables,
while the other four channels all affect the output, revenue and product exit margins. Further details of the model, including tests of its
underlying assumptions, are included in Appendix A.

3.1. Setup

3.1.1. Consumers

Assume that consumers have constant elasticity of substitution (CES) preferences across horizontal varieties i. Define quality as the
mean utility associated with consuming a product net of price (De Loecker et al., 2016), approximated by market share net of price
following Berry (1994). Assume that vertical quality g; enters multiplicatively with quantity x;, such that a representative global
consumer has utility:

U= (/ (Qixi)adi>a (3.1)
i

with elasticity of substitution 6 = 1/(1 — @) > 1 and 0 < a < 1. This gives demand x; = RP°~1q{ " p; ° for product i, where R is total
1
1

l1-0 —
expenditure and P = { Jico (‘ﬁ> di} is a quality-adjusted ideal price index."”

1 di

3.1.2. Firms

Let atomistic firms produce horizontally and vertically differentiated goods using (i) a numéraire labor input L with price w = 1, and
(ii) raw materials with price m and quality gp,. Let firms draw two independent and identically distributed parameters taking values
between zero and infinity: firm-wide ability ¢r and firm-product-specific expertise A5. These determine marginal costs c; = ¢pAgm and
quality qp = (z/;fxlﬁqm)g“, where 6 > — 1 is a parameter reflecting the potential for quality differentiation.'® This reduced-form cost and
quality structure, following Manova and Yu (2017) and Baldwin and Harrigan (2011), is substantially simpler than models which
endogenize the quality decision (e.g., Fieler et al., 2018; Johnson, 2012; Verhoogen, 2008), and abstracts from within-firm product
interdependencies in production or consumption (e.g., " flexible manufacturing” and “*cannibalization” effects in Eckel & Neary,
2010), while retaining the relevant qualitative predictions. The assumed positive relationship between cost and quality is based on the

14 The exact number of observations used in each regression in Section 5 varies with the particular dependent variable under consideration, as in
each case the largest available dataset is used. For instance, the De Loecker et al. (2016) algorithm for calculating markups and marginal costs is
particularly demanding, so there are fewer observations with sufficiently complete data to be included in the markup and marginal cost regressions.

15 The assumption of CES preferences with multiplicative quality is shared with other papers considering the interaction of inputs and quality, e.g.,
Kugler and Verhoogen (2012). However, this specific setup is not critical for the conclusions of this paper. Appendix A.1 examines the CES
assumption, while Appendix?? shows that the major results of this paper are robust to using a linear demand system.

16 Following Manova and Yu (2017), the special case of § = — 1 corresponds to the existing model of Bernard, Redding, and Schott (2010), while
this case with linear demand (as outlined in Appendix B.1), corresponds to Mayer, Melitz, and Ottaviano (2016).
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Table 2.1
Comparison of subsets of data used.
Mean Factory- level Product- level Trade- level
Number of products 3.8 3.7 3.5
Fixed assets (INR million) 571 595 590
Working capital (INR million) 162 167 165
No. of employees 335 327 337
Ownership (%) Private 92.2 91.9 93.4
Joint 5.1 5.4 4.7
Public 2.7 2.7 1.9
Location (%) Urban 57.8 56.8 58.2
Rural 42.2 43.2 41.8
Observations 546,913 353,383 215,287
(a) India & China bilateral trade (b) Indian & Chinese exports to OECD
o
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o ©
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Fig. 4. Goods trade between India, China and the OECD.

Notes: These graphs show total goods trade for four key relationships. Chinese imports into India have grown far faster than the reverse (highlighting
channels (i)-(iii) from Fig. 3 relative to channel (v)), while China has also greatly expanded its sales into the OECD market, where they compete with
Indian exports (channel (iv)). Source: UN Comtrade.

previous literature (Crozet, Head, & Mayer, 2012; [acovone & Javorcik, 2010; Kugler & Verhoogen, 2012; Manova & Zhang, 2012;
Verhoogen, 2008), and also matches the data.'”

3.1.3. Implications
Assume also that firms must pay a fixed headquarter cost Fj, to operate and a fixed management cost F; for each active product line.

17 Appendix Figure A.1 Panel (b) shows the positive relationship between marginal costs and quality, where marginal costs are calculated using the
method of De Loecker et al. (2016), which requires only very flexible assumptions, and quality is calculated using the method of Khandelwal et al.
(2013), described below.
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Fig. 5. Chinese import competition across the input-output network.

Notes: This graph shows the input-output connections between Indian primary and manufacturing industries in 1998. Nodes are scaled by number of
downstream connections (out-degrees), and coloured darker the greater the increase in import competition between 1999 and 2013 — where import
competition is measured by the share of Chinese imports in total Indian imports, as described in Section A.2. Labels are shown for the top 15% of
industries by increase in import competition.

Firms then produce those products for which they have sufficient ability and expertise to earn profits z; greater than F;, choosing prices
and output to maximize 7(¢s, 4g) = pilds AXidp A — Xi(dy, Ap)dpfAsm — F; subject to demand x;, giving:

A’l
Pricep (¢y.1s) =" 32
QAP a;(¢y ) =a g, m(pa) " 3.3)

QAP = quality-adjusted prices, i.e. price over quality.

Quantity x (¢, 4) = a’RP" gV Dm0 (o a) "7 (3.4)
Revenue 7; (¢, Ar) =a”'RP gm0 (. 0g) Bo-1) (3.5)
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1
Mark-up p; (¢;4s) = (3.6)

_ i)

Profit 7; (¢, 4z .

F; 3.7
These results in turn imply a series of propositions that we can use to check the framework (Appendix Table A.1), and indeed we
find strong support in the data (Appendix Table A.2).

3.2. Modelling the five channels

We now use this framework to model the impact of China’s WTO accession on Indian manufacturing firms, through each of the five
channels in Fig. 3. First, model the improved access to new components as a reduction in quality-adjusted input prices caused by an
improvement in input quality relative to input prices. Specifically, model increases in input quality Ag,, and input price Am such that:

(Aq’n)(?+l

1 3.8
am (3.8)

Under this condition, and when combined with egs. 3.2 to 3.6, the firm responds by raising output quality more than prices, such
that revenues rise even as quality-adjusted output prices fall. In other words, the improved access to components drives an increase in
output quality, which is sufficiently attractive to consumers that revenues rise despite the downward pressure on demand from higher
prices. The impact on the probability of product exit, Ex;, then follows straightforwardly from profit in eq. 3.7: higher product-wise
revenue r; raises the probability of covering the product-specific fixed cost F;, so lowers the probability that the firm drops the
product. These impacts are shown in row (i) of Table 3.1, which summarizes the predicted effects on variables which can be observed
in or derived from the ASI data.'®

The impacts on firms through the other remaining channels — shown in rows (ii) to (v) of Table 3.1 — follow similarly. Firstly, model
direct import competition with Good 0 as an expansion in the set of varieties Q available, which reduces residual demand, quantity and
revenue for each good i via a fall in the price index term P°~! in eqs. 3.4 and 3.5. Second, model import competition via outputs as a
reduction in expenditure R — the “consumers” of Good 0, namely those firms to which it is sold as a component, reduce their scale of
input purchases in response to import competition for their product (Good 1 in Fig. 3).1° Third, model increased export competition in
the same way as direct import competition — the forces are the same, merely occurring in export markets rather than the domestic
market.?’ Lastly, model the increased demand from improved access to Chinese consumers as a rise in total consumer expenditure R,
which raises quantity and revenue. With these predictions in hand, we next turn back to the data and outline methods for testing
them.?’

4. Empirics

In this section, we first describe the measures used to account for effects through each of the five channels, then we explain the
construction of those outcome variables that we do not directly observe in the data. Finally, we introduce our baseline specification
and address issues of identification.

4.1. Tariff variables

We measure each of the channels using changes in the corresponding bilateral tariffs. First, the extent of direct import competition
faced by Indian firms (channel (ii) in Fig. 3) is straightforwardly related to the level of Indian tariffs on Chinese goods. Therefore,
denote the annual tariffs on these flows from China into India as DirectTariff;;, where i is a five-digit CPC product code. Second, and
following common practice (e.g., Bas & Strauss-Kahn, 2015; Goldberg, Khandelwal, Pavenik, & Topalova, 2010a), we gauge the input
channel (channel (i) in Fig. 3) for a given product using a weighted average of India’s tariffs on imports from China of its various inputs.
Specifically, we measure the input channel for a product of interest i by averaging across the direct measure for each of its inputs k:

InputTariff, = Za”‘ - DirectTariff, “4.1)
k

18 The impact on output quantity X; of improved access to inputs is not shown, as (a) it is not critical for the argument of this paper, and (b) the
direction of the effect is not determined by the minimal assumption on the relative sizes of the input quality and input price rises specified in
equation 3.8.

19 We model these “customer” firms as consumers for simplicity, to avoid requiring an extra layer of firms in the model. The model could be
extended in this way, but the qualitative predictions in Table 3.1 would be unchanged.

20 While the expected impacts on observables have the same pattern, these channels can still be identified independently as they are driven by
variation in different bilateral tariffs and different import/export flows.

21 Appendix B.1 derives equivalent predictions for the case of linear demand - all predictions remain qualitatively the same, except for some new
price effects resulting from variation in markups.
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Table 3.1
Predicted impacts of the China shock on observables.
Channel Shock [ qi pi a; X ; Ex;
@ via Inputs tqm > tm 1 1 1 1 ~ T 1
Import Competition: (ii) Direct Q- pte - - - - 1 1 1
(iii) via Outputs IR - - - - ! 1 1
Exports: (iv) Competition 1Q— | p° - _ _ _ ! ! 1
Xports: W) Opportunity 1R - - - - t 1 1

Notes: This table summarizes, for each channel, the predicted effects on variables which can be observed in or derived from the ASI data. From left to
right, the outcome variables are: ¢; — marginal cost; q; — quality; p; — price; a; — quality-adjusted price; x; — quantity; r; — revenue; Ex; — probability of
dropping the product next period.

where ay = % is the value share of input k in total input use by producers of i, calculated using the 1998 input-output table
Kk ki

compiled by MoSPL.??> To avoid double-counting the direct import competition channel, we set a; to zero for all i. Similarly, we
measure import competition effects through the output channel (channel (iii) in Fig. 3) using a weighted average of the tariffs on those
final goods k that use a given product of interest i as an input:

OutputTariff;, = Zyik - DirectTariff, 4.2)
k

Sales
Z kSales,»k +FinalDemand;

output table and with y;; set to zero for all i.”

Fourth, we measure export effects in a similar manner to direct import competition. Export competition (channel (iv) in Fig. 3)
relates to China’s access to major export markets, and hence to the level of tariffs imposed by third countries on Chinese goods. We
approximate this with ExpCompTariffy, the average of US, EU and Japanese tariffs on Chinese goods — destinations which together
account for at least 25% of Chinese exports in every year in the sample (Hausmann & Hidalgo, 2014). Finally, we use the level of tariffs
faced by Indian exports into China, ExpOpptTariffy, to gauge the export opportunity channel.

where y; = is the share of total usage of input i that is for production of k, again calculated using the 1998 input-

4.2. Outcome variables

In our theoretical framework, improved access to components affects several firm-product-level outcomes. We can observe any
impacts on prices, quantities and sales directly in the ASI data. Building on Khandelwal et al. (2013), we can also use these to derive a
measure of quality: intuitively, for a given utility function, if one product sells more units than another at the same price, this suggests
that it is higher quality. Begin with the utility function previously assumed in eq. 3.1.?* As noted above, demand x; for product i is:

X =RP" g 'p” (4.3)

for expenditure R and price index P, where g; is quality. Taking logs and moving prices to the left-hand side gives:
Inx; + 6lnp; = InR + (6 — 1)InP+ (6 — 1)Ing; (4.4)

Noting that quantity, quality and price vary with firm f over time ¢, and that expenditure R and price level P vary over time, this can
be re-written as:

Inxy, + olnpy, = InR, + (6 — 1)InP, + (6 — 1)Ingy

(4.5)
=+ Uifi
Adding an extra product fixed effect to account for differing units of price or quantity across products gives:
Inxyy +olnpi = o+ o + uyg (4.6)
Thus for a given value of ¢, quality Ing;, = 2 can be estimated as the residual in a regression of observable prices and quantities on

22 We use the 1998 input-output table in every year throughout the period to prevent potential endogeneity of the input-output structure with
respect to tariff levels and/or trade flows. Results are also robust to using the less granular IOT from the OECD Structural Analysis Database.

23 We note that multi-collinearity across these three measures is not a concern here: the correlation is 0.0014 between the input and output tariff
measures, —0.1495 between input and direct tariffs, and — 0.2390 between output and direct tariffs.

2% Note that the narrow assumptions of a single representative consumer and a single vertical dimension of quality can also be justified in a model
with many individual consumers making discrete choices, as shown by Anderson, de Palma, and Thisse (1992): quality is interpreted as a component
of product attributes that all consumers value, assuming only that the residuals of consumers’ heterogeneous valuations have mean zero.
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a time and a product fixed effect.”® Prices are effectively partialled out, leaving “quantity conditional on price”, i.e. quality. Quality-
adjusted prices are then given by:

Inay, = Inpy — ln@m 4.7)

Of the seven outcome variables in Table 3.1, this leaves just marginal costs and product exit to be estimated. We estimate the former
using the algorithm of De Loecker et al. (2016), which first backs out markups from observable firm-product variables, then combines
these with observed prices to compute marginal costs.?® The procedure allows for very flexible functional forms, so does not clash with
the assumptions required for the Khandelwal et al. (2013) quality-estimation method. Finally, we measure product exit by observing
whether a firm-product appears in the next year of the sample. Specifically, we follow Iacovone et al. (2013) in defining:

Ex — 1 in the last year that firm — productifis observed in the sample
770 otherwise

where the last year of the sample is dropped, as in that year it is not possible to measure Ex;z. We focus on firms in the ASI census panel
to allow exit to be measured, but also use the representative survey sample in robustness checks.?’

4.3. Baseline specification

The changes over time in the median levels of the three core tariff measures are shown in Fig. 6 Panel (@).%® Following China’s
accession to the WTO in 2001, there is a rapid reduction in bilateral tariffs between India and China, then a subsequent stabilization
around the new lower level. This motivates a difference-in-differences approach, comparing products facing high and low initial tariff
levels in the periods before and after China’s accession to the WTO. Building on Lu and Yu (2015), we therefore run:

Inyy, = ag - Post2001, - InInputTariff; y00:
+ai - Post2001, - InDirectTariff; 001
“+agiii) - Post2001, - InOutputTariff; y01
+agy) - Post2001, - InExpCompTariff; 2001
+ag, - Post2001, - InExpOpptTariff; 2001
+0' Xy + a; + by + ¢y +

(4.8)

where Post2001; is a dummy taking value one after 2001, and X contains a vector of firm-time controls, specifically whether a plant is
in a rural or urban area and whether it is privately owned, publicly owned or a mixture. Outcomes y;s; are at the firm-product-time
level, and we include product, firm and state-time fixed effects. Standard errors are clustered at the firm level to account for poten-
tial correlation in supply and demand shocks within firms over time.?’

The estimated coefficient for each channel reflects the percentage impact on the outcome variable in the post-2001 period of having
a tariff 1 % higher prior to China’s accession (and thus a larger fall in tariffs post-accession).>° We use only pre-accession tariffs, rather
than annual tariffs, because the planned schedule of tariff reductions was released in 2002, so subsequent changes in tariffs were
expected and hence could be pre-empted by producers (Lu & Yu, 2015). In contrast, the exact timing of China’s accession to the WTO
was not clear until 2001, as many important issues were not resolved until mid-2001 - for instance, Mexico held off on agreeing terms
until September 2001, with the final accession agreement then following two months later (Lu & Yu, 2015).3!

4.4. Identification

The key identifying assumption is that outcomes in firms facing large falls in tariffs after 2001 would have followed the same path
as in firms facing small falls, if there had been no trade liberalization in 2001, conditional on the controls. Specifically, we require’:

25 For the baseline specification, we use ¢ = 3.7, which is the median estimated elasticity of substitution for India calculated by Broda et al. (2006).
In Section A.3 we also run specifications using industry-specific sigmas, and find that the results are qualitatively robust.

26 We discuss this process in more detail in Appendix B.3.

27 As noted in the data section, firms with >100 workers are questioned every year in the census (the “census panel™), whereas smaller firms may or
may not be sampled each year (the “representative sample”). Thus the main results are from the census firms, as there we can identify firm- and
firm-product exit. We investigate the impact of selection out of the census panel on firm-product exit in Appendix A.8, and find no material impact
on the results.

28 The input and output measures are not shown, as these are simply weighted combinations of the “China — India” variation.

2% For instance, firms with strong management may be more likely to maintain high quality standards through an interval of slow growth. Results
are also robust to clustering at the product-level.

30 For the product exit regressions, we do not log Ex since it has mostly zero values. In this case each estimated « is the coefficient in a linear
probability model - representing the marginal change in the probability of product exit resulting from the relevant tariffs being 1 % higher in 2001.

31 Nonetheless, the results are robust to using a specification based on annual tariffs, as in Brandt et al. (2017) — see Appendix A.6.

32 Note with Lu and Yu (2015) that exogeneity of the control variables is not necessary for identification of the coefficients of interest; i.e. We do
not requireE [u| Xz, a;, by, ¢] = Owhich would allow a causal interpretation of the coefficients on the control variables also (Stock & Watson, 2014).
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Fig. 6. Changes in tariffs and trade flow measures, by channel.

Notes: These graphs show the trends in the median values of the tariff and flow measures, as described in Sections 4 & A.2 respectively. As noted in
the text, the two other channels (input and output effects, i.e. (i) and (iii) in Fig. 3) are simply weighted averages of the direct import competition
channel (shown in dark blue in both graphs). The values of the export opportunity channel in Panel (b) are magnified by a factor of ten, so that the
trend is visible despite the very low share of Indian goods in total Chinese imports.

E[ug | Post2001, - InlnputTariff; 001,
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The first major endogeneity concern is reverse causality. For instance, Indian tariffs could be lowered only for those industries
where Chinese imports are least threatening, namely those with strong domestic sales or quality growth. The second major concern is
misattribution, i.e. the existence of a third set of factors correlated with tariff cuts which also affect firm outcomes. Political influence is
an archetypal case (e.g., Grossman & Helpman, 1994); industries with lobbying power could ensure protective tariffs, along with
preferential access to subsidies or other support for their firms.

Beyond noting that India maintained no special reservations in China’s accession agreement (World Trade Organization, 2001,
Annex 7), these concerns are further ameliorated by inspecting the realized tariff reductions. Fig. 7 plots baseline tariffs, and the
subsequent changes, for each of the channels. Consider initially the top four graphs, accounting for channels (i)-(iii) and (v). While
there is wide dispersion in tariff levels in 1996, the subsequent changes align very closely with the grey reference line, with gradient
—1. In other words, tariffs that are 1 %age point higher in 1996 tend to fall by 1 %age point more by 2011: tariffs converge tightly onto
the low and relatively uniform WTO rates.* The initial phase of this convergence is clear in the righthand graphs, which show less

33 We use 2011 as the end year because it is the last year in our sample for which TRAINS tariff data is available for all three channels. The patterns
remain very similar when using different endpoints across 2012-2014, where available.

12



A. Copestake and W. Zhang China Economic Review 77 (2023) 101891

horizontal dispersion in 2001 tariff levels (as well as remaining close to the 1:1 perfect convergence line). By the end of the period there
is little remaining variation, so there is limited scope for tariffs to have been selectively lowered for some industries relative to others.

With regard to misattribution, this tight convergence implies that there cannot be factors which caused both a large fall in tariffs
and better firm performance, unless they were also present before 1996. Given that our fixed effects account for firm and industry
characteristics, it is unlikely that such factors affect the results. Nonetheless, in robustness checks in Appendix A.4, we take the
additional precaution of controlling explicitly for various possible confounding factors, such as lobbying efforts or industrial strategy
towards infant industries.

A similar argument alleviates reverse causality concerns. For strong firm performance in the 2000s to cause a larger fall in some
tariffs, it would effectively have to determine tariffs as far back as 1996, given that subsequent changes are driven predominantly by
convergence. This is implausible given the highly unpredictable nature of the rapid economic changes unleashed after China’s WTO
accession.®*

Turning to the bottom two graphs of Fig. 7, reflecting export competition, the picture is very different. There is substantially less
variation in tariffs, and no clear fall in tariffs after 2001 - tariffs are already at a fairly uniform low rate. This reflects the fact that
China’s main trade partners negotiated lower bilateral tariffs with China before 2001, whether on a “Permanent Normal Trade Re-
lations” basis (as in the EU from the 1980s), or in the form of annual renewals of NTR status (as in the USA until 2001, when China’s
new PNTR status became effective on its accession to the WTO). The key change in 2001 was thus the reduction in trade uncertainty,
which allowed increased investment in production of exports, rather than a change in tariff levels per se (Pierce & Schott, 2016).

To check that this export competition channel is not affecting our results on the impact of Chinese components, and to address any
remaining endogeneity concerns, we therefore complement the tariff regressions with an alternative identification method using
import and export flows, building on Autor et al. (2013). This picks up variation through all of the channels, as seen in Fig. 6 Panel (b).
Appendix A.2 explains this method in detail.

5. Results: Baseline

Our baseline specification uses our tariff-based measures to investigate each of the relationships in row (i) of Table 3.1 —i.e. to test
the theoretical predictions of the impact of improved access to Chinese components. Table 5.1 Panel A shows the impact, through the
input channel, on marginal costs, quality, price, quality-adjusted prices, quantity, revenue and the probability of dropping a product.
The specification follows eq. 4.8, controlling for the other four channels, rural/urban location, public/private ownership, and product,
firm and state-time fixed effects. Each coefficient represents the percentage impact in the post-2001 period of input tariffs being 1 %
higher in 2001 - and so falling by approximately that much more subsequently, as seen in Section 4.5

The results fit our theoretical framework. Consistent with higher quality inputs, there is a significant rise in output quality.
Consistent with the assumption in eq. 3.8 that the rise in input quality outweighs the rise in their raw prices, quality-adjusted prices fall
even as marginal costs and prices rise. Higher quality at lower quality-adjusted prices drives a rise in revenue, which increases product-
wise profit and so reduces the probability of a product being dropped.*®

Taken together, these results suggest that both firms and consumers benefit from improved access to Chinese components. Firms
increase revenue and reduce product dropping — which is correlated with profit in a wide class of models, including the CES and linear
demand setups used in this paper. Consumers experience a net gain qua consumers, i.e. in their role as goods-consuming agents: they
receive higher quality products at lower quality-adjusted prices. The question of whether consumers gain in an “all things considered”
sense is beyond the scope of this paper and would require further assumptions on the structure of the labor market and the distribution
of consumers’ consumption bundles. Here we simply note (i) the robust finding that firms producing higher quality goods pay higher
wages to their workers (e.g., Kugler & Verhoogen, 2012; Verhoogen, 2008), which suggests that consumers could also benefit from
quality upgrading in their roles as workers, and (ii) the link between quality upgrading and development, which suggests that quality
upgrading may also benefit them through long-run growth.*”

These results relate closely to the work of Goldberg, Khandelwal, Pavenik, and Topalova (2010a), who consider the liberalization of
Indian tariffs in the early 1990s. They find that access to new intermediate inputs causes a substantial expansion in the range of goods
produced by manufacturers, a “variety in, variety out” result echoed by our “quality in, quality out” mechanism. However, in the ASI
data <20% of goods produced after 2001 are new products (at the seven-digit level), and the quality-upgrading effect holds strongly
even when excluding new products from the sample, as in Table 5.1 Panel B. By the end of the 1990s Indian manufacturing had

34 For instance, the dramatic expansion in Chinese import competition in India was not widely predicted even by the early 2000s. One study in the
Economic and Political Weekly concluded: “Bilateral trade ... is quite limited, with India’s exports [to China] constituting about 2% of its exports and
India’s imports from China constituting about 3% of total imports in 2000-01. ... Thus, given the limited bilateral trade with China, it is unlikely
there will be a significant impact of China’s entry into WTO on India’s imports” (Agrawal & Sahoo, 2003). By 2010, Chinese products made up
>25% of total Indian imports.

35 The exit variable has a slightly different interpretation, as it is binary and so not logged: each coefficient represents the marginal change in the
probability of dropping the product, as described in Section 4.

36 The minimal assumptions underlying the predictions in Table 3.1 do not imply a specific impact on quantity, and indeed we observe no sig-
nificant effects in the quantity regressions.

37 On (ii), see, for instance, Grossman and Helpman (1991), Kremer (1993), Hausmann and Rodrik (2003), Rodrik (2006), Hidalgo et al. (2007),
Matsuyama (2008), Khandelwal (2010), Lane (2019), Verhoogen (2020).
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Fig. 7. Inspecting the tariff changes.
Notes: These graphs plot the change in tariffs by 2011 against their initial levels in 1996 and 2001, for three-digit CPC industries. The grey reference
line has a gradient of —1 for comparison.

Table 5.1
Input effects of China’s WTO accession.
MCs Quality Price QAP Quantity Revenue Exit
Panel A: Full Sample
InputTariff 0.298%* 0.238%** 0.194%** —0.0421*** —0.0821 0.0704** —0.0180*
(2.57) (4.27) (3.72) (—2.84) (-1.32) (2.13) (-1.95)
FEs i,f,st i,f,st i,f,st i,f,st i,f,st i,f,st if,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 34,408 165,011 165,579 165,011 165,017 175,799 161,072
Panel B: Intensive Margin Only
InputTariff 0.310%** 0.243%** 0.199%** —0.0405%** —0.0928 0.0671** —0.0163*
(2.62) (4.35) (3.80) (-2.72) (—1.48) (2.06) (-1.73)
FEs if,st if,st if,st if,st if,st if,st if,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 28,460 137,780 138,229 137,780 137,785 147,843 139,739

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Exit
which is as described in Section 4. Panel A includes all products, while Panel B only includes those products which first appear in the dataset prior to
China’s WTO accession at the end of 2001. All regressions include firm, product and state-year FEs, and control for rural/urban location, public/
private ownership, and the other four channels (import competition, export opportunity, export competition and upstream spillovers). Quality and
quality-adjusted prices are calculated using the procedure of Khandelwal et al. (2013), and marginal costs are calculated using the procedure of De
Loecker et al. (2016). The input channel is measured as described in Section 4 —i.e. each coefficient gives the percentage change in the average value
of the outcome variable in the post-accession period resulting from a 1% higher average pre-accession tariff on the firm’s inputs.

liberalized substantially, as documented extensively by Goldberg and coauthors. Our findings therefore suggest that many of the initial
extensive margin gains from liberalization had played out by 2001, such that the primary benefit to India of China’s WTO accession
came through the intensive margin, specifically through quality upgrading of existing products.

5.1. Robustness

Table 5.2 tests the robustness of this “supply-driven quality upgrading” story. The first two columns add two-digit sector-time fixed
effects to account for broad industry trends, which would affect the above conclusions if, for instance, 2001 tariffs were systematically
higher in sectors with faster average growth in quality. The next two columns use the alternative identification method building on
Autor et al. (2013) (see Appendix A.2 for a full explanation of the methodology). Lastly, columns five and six test for evidence of
upgrading using an alternative measure, firm-level revenue-based total factor productivity (TFP), calculated using the method of
Ackerberg, Caves, and Frazer (2015).%® In each case, we find significant positive effects, through the input channel, on quality, price or
TFP. In addition, note that even if we did not make the CES assumption that allows us to derive a measure of quality and quality-
adjusted prices, the other effects in Table 5.1 — on marginal costs (derived from a far weaker set of assumptions following De
Loecker et al. (2016)) and on price, revenue and exit (all directly observed) — would all support a quality-upgrading interpretation, for
instance in a model with linear demand as in Appendix B.1.

Further robustness checks are provided in Appendices A.3 to A.10. In turn, these use alternative estimates of the elasticity of
substitution, control explicitly for potential confounding factors, instrument tariff changes with 2001 levels, use annual variation in
tariffs, assess the impact of other recent reforms in India, check for selection effects caused by firms dropping out of the ASI census
panel, control for potential district-level trends, and adjust the basket of countries used as an instrument in the method based on import
and export flows. Finally, in Appendix A.11 we investigate whether the tendency of related industries to locate close to one another,
rather than input-output relationships per se, could be driving the results. In all cases we confirm that the supply-driven quality-
upgrading result is robust.

5.2. Comparing the channels

Turning to rows (ii)-(v) of Table 3.1, the theoretical framework predicts that all five channels will affect the revenue and product
exit margins. Table 5.3 shows the corresponding regression results in the full sample. The revenue variable is in log form, so each
coefficient represents the percentage impact of tariffs in the relevant channel being 1 % higher in 2001. The exit variable is binary, so

38 Such revenue-based measures of productivity are subject to well-known biases (see, for instance, Foster, Haltiwanger, & Syverson, 2008, De
Loecker & Goldberg, 2014, Ackerberg et al., 2015, Orr, 2019, Verhoogen, 2020), but this indirect evidence from a different measure is at a minimum
indicative of an underlying change in fundamentals.
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Table 5.2

Input effects of China’s WTO accession — robustness checks.
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Product-level

Quality Price Quality Price TFP TFP
InputTariff — DiD 0.278** 0.297**

(2.02) (2.22)
InputFlow - ADH 0.684%*** 0.577**

(2.61) (2.29)
InputTariff — DiD, firm-level 0.107***
(18.67)
InputFlow — ADH, firm-level 0.147%**
(28.78)

FEs i,f,jt,st i,fjt,st i,f,st i,f,st f,st f,st
Controls Yes Yes Yes Yes Yes Yes
First Stage F-Stat 19.51 19.56 127.5
N 164,996 165,564 267,150 268,079 68,231 95,779

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05,

“* p < 0.01. Standard errors clustered at the firm level. All variables in logs. DiD = dif-

ference-in-differences specification using 2001 tariff levels, as in Section 4. ADH = Autor et al. (2013) specification using plausibly exogenous import
and export flows, as in Section A.2. All regressions include firm, product (for product-level regressions) and state-year FEs and control for rural/urban
location, public/private ownership, and the other four channels (direct import competition, output effects, export competition and export oppor-
tunities). Models 1 and 2 also add sector-year FEs. Quality is calculated using the procedure of Khandelwal et al. (2013), and firm-level TFP is
calculated using the procedure of Ackerberg et al. (2015).

each coefficient is that of a linear probability model - i.e. each represents the marginal change in the probability of product exit
resulting from the relevant tariffs being 1 % higher in 2001.

The relationships are generally in the directions predicted by the model, with the input channel the only one that is significant on
both variables, and indeed with relatively large magnitudes. As in the previous table, a 10% higher average tariff on inputs in 2001,
and hence a larger fall in tariffs post-accession, raises average product revenue in the post-accession period by 0.7% and lowers the
probability of dropping the product by 0.18. While the model above only made qualitative predictions, rather than speaking to
magnitudes, these results are consistent with the expectation from Fig. 2 that China’s accession to the WTO had particularly strong
effects through the input channel.*”

5.3. Heterogeneity by firm size

Table 5.4 examines the heterogeneity of the quality-upgrading effect across the firm size distribution. We repeat the main re-
gressions of Table 5.1 within four bins, each containing roughly a quarter of firms.“° The quality-upgrading effect appears in all but the
smallest firms. One possible explanation is that there is a fixed cost to reconfiguring supply to exploit new input opportunities, such
that only larger and more productive firms are able to access new higher-quality inputs. An alternative but similar explanation relies on
positive assortative matching, whereby larger and more productive firms have better access to the higher-quality input producers. In
each case, quality upgrading in large firms could segment the market such that small firms compete on cost to sell lower-quality goods,
or could reduce small firms’ access to complementary inputs (e.g., skilled labor) which in turn reduces their quality and price. We leave
full exploration of these possible mechanisms to future research.

6. Results: Spillovers

In this section we consider the broader spillovers of this core upgrading result. First, we unpack the dynamics to explore persistence
over time. Second, we trace the propagation of the quality-upgrading effect along supply chains, to explore the role of production
networks in amplifying the initial effect.

6.1. Persistence over time

While Table 5.1 shows the average effect of tariff changes before vs. after 2001, it provides no insight into the dynamics of the rise
in quality. We therefore interact 2001 tariff levels in each channel with dummies for each year, to ascertain the marginal impact in
each year of having higher tariffs in 2001. The interaction coefficients for the input channel are shown in Fig. 8. Note that the un-
derlying trend in price and quality has been removed by the time fixed effects, so each of the graphs shows the additional percentage
rise in price and quality for a product with a 1% higher tariff on inputs in 2001.

There is no significant effect in 1998-2000 relative to the 2001 baseline, for either price or quality, so there is no reason to reject the
parallel pre-trends assumption. If anything, the marginal effect of having high 2001 tariffs was falling in those years, making its

39 Appendix A.12 provides the estimated results for all outcome variables in all channels.
40 Non-census firms are now included, sacrificing the ability to examine the exit margin in favour of a representative sample of smaller firms.

16



A. Copestake and W. Zhang

China Economic Review 77 (2023) 101891

Table 5.3
Impact of China’s WTO accession, by channel.
Revenue Exit
Theory Data Theory Data
(i) InputTariff + 0.0704** - —0.0180*
(2.13) (~1.95)
(ii) DirectTariff - 0.198** + 0.0106
(2.29) (0.49)
(iii) OutputTariff - —0.000777 + —0.00526*
(—0.07) (-1.78)
(iv) ExpCompTariff - —0.0435%** + 0.00650
(—2.92) (1.54)
(v) ExpOpptTariff + —0.0187 — —0.00728
(—0.42) (—0.67)
FEs i,f,st i,f,st
Controls Yes Yes
N 175,799 161,072

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Exit
which is as described in Section 4. All regressions include firm, product and state-year FEs, and control for rural/urban location and public/private
ownership. Each channel is measured as described in Section 4 —i.e. each coefficient gives the percentage (Revenue) or marginal (Exit) change in the
average value of the outcome variable in the post-accession period resulting from a 1% higher pre-accession tariff on the relevant trade vector. The
‘Theory’ columns repeat the relevant predictions from Table 3.1 for convenience.

Table 5.4
Heterogenous effects by number of employees.
0-20 20-100 100-350 350 +
Quality Price Quality Price Quality Price Quality Price
Panel A: Full Sample
InputTariff —0.293* —0.248* 0.404%* 0.361%** 0.257%%%* 0.213%** 0.214%* 0.194%*
(-1.82) (-1.65) (2.25) (2.23) (2.88) (2.81) (2.16) (2.16)
FEs if,st i,f,st i,f,st i,f,st i,f,st if,st if,st i,f,st
Controls Yes Yes Yes Yes Yes Yes Yes Yes
N 37,117 37,246 36,966 37,112 45,528 45,712 42,248 42,390
Panel B: Intensive Margin Only
InputTariff —0.0545 0.0265 0.303** 0.308** 0.292%** 0.250%** 0.231%* 0.206**
(-0.34) (0.17) (2.14) (2.39) (3.35) (3.35) (2.35) (2.31)
FEs if,st if,st if,st if,st if,st if,st if,st if,st
Controls Yes Yes Yes Yes Yes Yes Yes Yes
N 13,123 13,157 18,556 18,610 37,928 38,060 36,570 36,698

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs. Panel A includes
all products, while Panel B only includes those products which first appear in the dataset prior to China’s WTO accession at the end of 2001. All
regressions include firm, product and state-year FEs, and control for rural/urban location, public/private ownership, and the other four channels
(direct import competition, output effects, export competition and export opportunities). Quality is calculated using the procedure of Khandelwal
et al. (2013). The input channel is measured as described in Section 4 - i.e. each coefficient gives the percentage change in the average value of the
outcome variable in the post-accession period resulting from a 1% higher average pre-accession tariff on the firm’s inputs. The number of observations
on quality is slightly lower within each bin because some firms which report price are missing other variables required to estimate quality.

subsequent reversal more striking. Price and quality are then higher in high-2001-tariff products in all but one year in the decade
following China’s WTO accession, and significantly so in at least six years.' At the peak in 2010, products with a 10% higher input
tariff in 2001 have 5.2% higher prices and 5.3% higher quality. The quality-upgrading effect is remarkably persistent, with prices and
quality still significantly higher for affected products more than ten years after China’s WTO accession. Moreover, the results so far
only reflect the direct one-step impact of inputs on quality — they do not take into account the role of the wider production network.
This is examined in the next section.

6.2. Propagation across the production network
The input channel and output channel measures described thus far are only informative on the direct spillovers from import

competition, i.e. the “one-step” impact on firms immediately ahead or behind in the supply chain. This matches the stylized supply
chain in Fig. 3, but may miss important aspects of reality. Consider instead Fig. 9, which zooms in on the input channel and depicts a

41 Recall that the label “2007” in Figure 8 refers to the Indian financial year 2007-08 — the relative quality upgrade of the “treated” firms paused
during the Financial Crisis, before swiftly rebounding.
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Fig. 8. The dynamics of quality upgrading.

Notes: These graphs plot the coefficients on the interactions of 2001 input tariff levels with each year, relative to the 2001 baseline. The dashed lines
show the 95% confidence interval. The underlying regression also interacts the year with each of the other channels, to control for the dynamics in
each of direct import competition, output effects, export competition and export opportunities. The regression also includes firm, product and state-
year fixed effects and clusters at the firm level, as in Table 5.1.

slightly longer supply chain. In addition to the previous channel, improved access to inputs can now also affect Good 0 through Good
—2, via knock-on effects on Good —1. In other words, if Good 0’s input suppliers in turn have better access to inputs, any quality
upgrade to Good —1 could cascade onto Good 0.*?

To test for such effects, we construct intermediate measures of the “two-step”, “three-step” (and so on) impacts on firms along the
supply chain by repeatedly summing over the input value shares. For each measure of import competition M, (i.e. DirectTariff; 2001,
DirectFlow;; or DirectFlowl)), we therefore have:

42 Analogous effects could occur for the output channel. Denote the firm using a product as an input the “customer”, as in Section 3, for simplicity.
Then if Good 0’s customer’s customer faces increased import competition from China, this could concertina back up the supply chain to reduce
demand for Good 0.
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Fig. 9. Input effects along the supply chain.
Notes: This figure zooms in on the input channel in Fig. 3, and presents a slightly longer supply chain to allow for “two-step” effects. Thin lines depict
the Indian manufacturing supply chain, and thick lines represent the effects of China’s exports.

One — stepspillovers :  InputM1,, > - My,
3

Two — stepspillovers :  InputM?2;, = Zai,Zalk -My,
[ X (6.1)
Three — stepspillovers :  InputM3;, = ZaimZam,Zam My,
m [ X

These in turn reflect the effect on product i of increased import competition in the markets for its inputs, its inputs’ inputs, its
inputs’ inputs’ inputs, and so on. The first equation, showing one-step spillovers, is the same as the input channel discussed in the
baseline result. The second equation aggregates the impact of the inputs’ inputs (products k) through the inputs (products I) of Good
0 (product i), where ai and a; represent the input usage shares between Good —2 & Good —1 and Good —1 & Good 0, respectively.
Similarly, the third equation aggregates the impact of the inputs’ inputs’ inputs (products k) through the inputs’ inputs (products I) and
the inputs (products m) of Good 0 (product 7). We also construct equivalent measures for the output channel, by repeatedly summing
over the usage shares v

With these measures in hand, we repeat the baseline specification but include a further four “degrees” of input spillovers, plus four
further “degrees” of output spillovers to ensure the controls are symmetric.** Fig. 10 illustrates the results for price and quality.
Increased import competition in the markets for Good —2 and Good —1 has significant positive effects on the price and quality of Good
0. In other words, improved access to the first good in the supply chain doesn’t just drive quality upgrading in the product using it as a
component — it also has a knock-on upgrading effect on the next good in the supply chain.*

Having established that upgrading effects propagate along the supply chain, the next step is to understand the full impact of these
ripple effects. As is clear from the input-output network in Fig. 5, the linear supply chain effects examined so far remain highly
simplistic. Consider finally Fig. 11, in which various input goods interact. Good 0 is now subject to one-step effects from Good —1, two-
step effects from Goods -2A and -2B, and potentially even further effects if, for instance, the dashed supply relationships also exist.

To take such broader production linkages into account, we therefore follow Lane (2019) in using the Leontief inverse to take into
account all input and output effects up to the “nth-degree”. First define A as the matrix of the value share coefficients aj, described in
Section 4, and note that total output of each good (collected in vector x) is equal to output for use as an intermediate input Ax plus
output for final consumption d: x = Ax + d. Rearranging gives x = (I — A)"'d, and hence the Leontief inverse L in eq. 6.3:

. A ... Qi
o o

A= |7 "o TR (6.2)
Qi O ... Ok

*3 The usage shares ay and yy are based on the 1998 input-output table constructed by MoSPI, as in the tariff calculation in Section 4.

44 Beyond this number of degrees, multicollinearity problems become severe and we lack sufficient observations or sufficient granularity in the
input-output table to distinguish separate effects by degree.

45 Effects beyond two steps are not significant, and not shown in the graphs as the large standard errors would require a substantial rescaling of the
y-axis, obscuring the other effects.
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Fig. 10. Upgrading effects along the supply chain.

Notes: These graphs show the effects on Good 0 of import competition at different points in the supply chain. For instance, the point “-1” shows the
effect on the price or quality of Good 0 of an increase in import competition in the market for its immediate inputs. Each coefficient is from a
regression as in eq. 4.8, except including five degrees of input effects and five degrees of output effects. Error bars are shown at the 5% significance
level, and coefficients on input/output effects are insignificant outside of the range shown.
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Fig. 11. Input effects along the supply chain.

Notes: This figure zooms in further on the input channel in Figs. 3 and 9, showing the upstream portion of a stylized production network centered on
Good 0. Thin lines depict the Indian manufacturing supply chain, and thick lines represent the effects of China’s exports. The dashed lines are
examples of potential additional relationships that would also be captured by the Leontief measure.
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Each coefficient l reflects the increase in production of i necessary to meet a one unit increase in final demand of k, taking into
account all the interlinkages in the economy. This includes not just production of i as a direct input to k, but also as an input to other
inputs to k, and so on. Substituting l for yi in egs. 4.2, A.4 and A.9 therefore takes into account the total cumulated exposure to import
competition of the sectors that i supplies (and of the sectors those sectors supply, and so on).*® Similarly, substituting l; for aj in egs.
4.1, A.3 and A.8 takes into account the total cumulated exposure to import competition of sector i’s inputs (and the inputs to those
inputs, and so on). This gives the new input channel variables:

Total cumulated spillovers : InputMT,, = Zl"" My, (6.4)
k

Crucially, the Leontief version reflects the cumulation of all degrees of spillovers, rather than merely the “nth-degree” effect alone —
which fades to zero for sufficiently large n, since nearly all y; and aj are less than one.where again M;; represents each of the import
competition measures, and we also construct the equivalent variables for the output channel by substituting Iy for Iy;.

Table 6.1 repeats the baseline regressions using the Leontief measures. All significant coefficients are now larger, implying that
interlinkages within the production network amplify the effect of China’s WTO accession. The largest differences between the one-step
and the full network model are found on marginal cost and exit, where a 10% higher pre-accession input tariff is expected to raise
marginal cost by 3.74%, and reduce the probability of dropping the product by 0.29%, compared to 2.98% and 0.18%, respectively.
The changes in other outcome variables are relatively modest, with the network effect for quality 4% larger than the one-step effect.
Fig. 12 compares the dynamics of price and quality when using both the one-step and full network measures. The amplification effect of
the production network is clear. At the peak in 2010, products with a 10% higher input tariff in 2001 now have 8.7% higher prices and
9.4% higher quality — i.e. the effect is up to 75% larger, relative to the one-step measure.*’

We therefore conclude that the production network plays an important role in propagating quality shocks downstream. How does
the post-2001 Chinese input shock compare to an “ideal” positive supply shock, from a policy perspective? As Acemoglu et al. (2012)
observe, supply shocks in sectors with strong downstream connections (i.e. in sectors that supply many other sectors, whether directly
or through or higher-degree linkages) have larger aggregate impacts. Returning to Fig. 5, we note that the sectors with the largest
increases in Chinese imports are generally neither multi-purpose raw materials (in the very center of the network, with many
downstream connections), nor final goods (towards the edge, with fewer) — instead they are mostly sophisticated manufactured inputs,
in an intermediate ring. From a development perspective, the “ideal” quality-upgrading supply shock would occur in the most central
nodes of Fig. 5, so that the amplification effect through downstream, forward linkages is the largest. However, in practice such raw
materials and commodities may have the least scope for quality improvements. Thus, in broad terms, the “China shock” was well-
placed to have significant upgrading benefits for India, and for developing countries with a similar manufacturing structure.*®

46 As in Section 4 above, set diagonals I; to zero to avoid double-counting the direct import competition channel.

47 The 2010 estimates for the input channel quality-upgrading effects in the one-step and full network measures are statistically different at the
95% confidence level under a stacked-model test, with an F-statistic of 4.56 and a p-value of 0.0328. The difference for prices is also significant, with
an F-statistic of 3.89 and a p-value of 0.0485.

48 Conversely, the “ideal” positive demand shock would occur in the most sophisticated final goods, i.e. those with lots of upstream linkages, as this
would then benefit the long chains of producers back up the supply chain. For developing countries, this has generally not been the case with the
China shock — instead Chinese demand has mostly been for primary commodities (as in e.g., Costa et al., 2016).

21



A. Copestake and W. Zhang China Economic Review 77 (2023) 101891

Table 6.1
Impact of China’s WTO accession — across full production network.
MCs Quality Price QAP Quantity Revenue Exit
Panel A: Full Sample
InputTariffT 0.374%** 0.247%** 0.199%** —0.0450%* —0.0807 0.111%** —0.0292**
(2.78) (3.92) (3.36) (-2.54) (-1.09) (2.59) (—2.48)
FEs i,f,st i,f,st i,f,st i,f,st i,f,st i,f,st i,f,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 34,408 165,011 165,579 165,011 165,017 175,799 161,072
Panel B: Intensive Margin Only
InputTariffT 0.368%** 0.254%** 0.206%** —0.0416** —0.100 0.104** —0.0263**
(2.71) (4.03) (3.49) (-2.33) (-1.36) (2.43) (-2.22)
FEs if,st if,st if,st if,st if,st if,st if,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 28,460 137,780 138,229 137,780 137,785 147,843 139,739

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Exit
which is as described in Section 4. Panel A includes all products, while Panel B only includes those products which first appear in the dataset prior to
China’s WTO accession at the end of 2001. All regressions include firm, product and state-year FEs, and control for rural/urban location, public/
private ownership, and the other four channels (direct import competition, output effects, export competition and export opportunities). Quality and
quality-adjusted prices are calculated using the procedure of Khandelwal et al. (2013), and marginal costs are calculated using the procedure of De
Loecker et al. (2016). The input channel is measured as described in section 6.2: each coefficient gives the percentage change in the average value of
the outcome variable in the post-accession period resulting from a 1% higher average pre-accession tariff on the Leontief-coefficient-weighted
average of all the direct and indirect inputs to a firm across the whole production network.

7. Conclusion

During the 2000s, China rapidly became a major provider of intermediate inputs to many developing countries. This paper exploits
China’s accession to the WTO to investigate the impact of improved input access on Indian manufacturing firms, and controls for
impacts through four other channels. Consistent with multi-product manufacturers gaining access to higher-quality components, a
larger fall in the tariffs faced by Chinese inputs raises revenue, quality and prices whilst lowering quality-adjusted prices and the
probability of product exit. These effects are driven by the upgrading of existing products, unlike in the widely studied Indian trade
liberalization of the early 1990s (e.g., Goldberg, Khandelwal, & Pavcnik, 2010; Goldberg, Khandelwal, Pavenik, & Topalova, 2010a).

This supply-driven quality-upgrading effect persists for at least ten years, peaking in 2010. It also cascades along the supply chain: a
shock to one input drives quality upgrading not only in the product that uses it, but also in the next product down the supply chain.
Broader linkages in the production network further spread the upgrading effect, amplifying the one-step impact by up to 75%. In
contrast to existing literature focused on negative demand effects of the “China shock” in developed countries, these results highlight
the potential for positive supply effects in many developing countries.

As with Lane (2019) and Liu (2019) for industrial policy, this study affirms the importance of understanding the production
network context when setting international trade policy. The supply-driven quality-upgrading channel represents an additional source
of “gains from trade” forgone by India in rejecting the Regional Comprehensive Economic Partnership with large Asian economies.
From a development perspective, the “ideal” trade deal (i) improves access to inputs as far upstream as possible, so that there is the
maximum potential for benefits to spill downstream, and (ii) improves export access to the ultimate (i.e. “most downstream”) con-
sumers, so that there is the longest possible chain of upstream firms to benefit from supplying them. Future policy work could further
examine potential trade deals through this lens.

Finally, three main areas for future research stand out: (i) understanding the aggregate welfare implications of the supply-driven
quality-upgrading mechanism, and whether a similar effect occurred in other countries with a similar initial level of manufacturing
development to India, (ii) understanding the role of the production network in amplifying negative input supply shocks, such as those
caused by the COVID-19 pandemic, and (iii) extending existing theory to situate multi-product firms in an international production
network with varying input and output quality.

Data availability

The data that has been used is confidential.
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Fig. 12. Upgrading dynamics, including effect of production network.

Notes: These graphs again plot the coefficients on the interactions of 2001 input tariff levels with each year, relative to the 2001 baseline. The dark
blue points remain the coefficients estimated using the one-step measures, as in Fig. 8. The grey line instead uses the Leontief-coefficient-based
measures described in Section 6.2, which take into account all interlinkages within the production network. Again, each underlying regression
also interacts the year with each of the other channels, to control for the dynamics of direct import competition, output effects, export competition
and export opportunities. Each regression also includes firm, product and state-year fixed effects and clusters at the firm level, as in Tables 5.1
and 6.1.

Appendix
A.1. Modelling assumptions

This section provides additional details on the simple theoretical framework used to structure the analysis. The first part examines
the assumption of CES demand, the second derives a series of propositions to check the model against the data, and the third shows that
the data provide strong correlational support for the framework.

CES preferences: We use CES preferences in our basic framework for simplicity of exposition and because they match the
Khandelwal et al. (2013) method of deriving a quality measure. If deviations from CES lead to constant over- or under-estimation of the

23



A. Copestake and W. Zhang China Economic Review 77 (2023) 101891

levels of quality and quality-adjusted prices, then this will not impact the conclusions of this paper on the direction of the impact of
Chinese components on quality. Furthermore, one common concern with CES preferences, that they imply constant markups, is not
severe in this context: Fig. A.1 Panel (a) shows only a small positive relationship between quantity sold and markups, where markups
are derived using the method of De Loecker et al. (2016), which requires only very general functional form assumptions. The slope of
the best-fit line is 0.069, with a firm-level clustered standard error of 0.002. The major theoretical and empirical results of this paper
are also robust to using linear demand, under which markups vary, as outlined in Appendix B.1.

(a) Quantity sold and markups (b) Marginal costs and quality

2 -
g 2
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o
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g g

=3 =3

0 10 20 0 10 20
log Quantity log Marginal Cost

Fig. A.1. Modelling assumptions and the data.

Notes: These graphs show the observed empirical relationship between important variables in the model. Markups and marginal costs are derived
using the method of De Loecker et al. (2016), which requires only very general functional form assumptions. Quality is calculated using the method
of Khandelwal et al. (2013), described in Section 4. Markups are almost constant across firm size, supporting the use of CES preferences, while there
is a strong positive relationship between cost and quality, as assumed in the model.

Deriving testable propositions: The egs. 3.2-3.7 imply that firms engage in one of two types of competition, depending on the
cost of producing higher quality goods. If § € (—1,0), quality increases only slowly with costs, so firms with lower costs ¢zm have
higher revenue and profits — i.e. goods are relatively homogeneous, so firms compete primarily on cost and price. In contrast, if 6 >
0 then quality increases faster than costs, so the higher prices received by firms with high ability ¢;and 15 outweigh the extra cost of
producing high quality goods - i.e. when goods are relatively differentiated, firms producing high quality goods have higher revenue
and profits. This structure generates the first five testable propositions shown in Table A.1.

Turning to product scope, firms produce those goods with positive profits z; > 0, so the threshold expertise 1*(¢y) above which a
firm will produce a good is defined by rearranging eq. 3.7:

[(¢f) _ 4);1 [al—uR—IPI—oqs)Jrl)(l—u)ma—lo.Fl_}ﬁ (A1)

Thus the higher a firm’s ability ¢y the lower the threshold and the larger the number of products N it will produce; noting the
correlation between ability and costs c; then gives Proposition 6 in Table A.1.

Table A.1

Observables for cost- vs. quality-based competition.
Proposition 0€(-1,0) >0
1. Price & Revenue across i within f: cov(p;,1i) <0 >0
2. Price & Revenue across f within i: cov(p;, 1) <0 >0
3. QAP & Revenue across i within f: cov(a;,ry) <0 VvVe> -1
4. QAP & Revenue across f within i: cov(a;, 1)) <0 Vo> -1
5. Quality & Cost across f within i: cov(g;, cy) >0 Vo> -1
6. Scope & Cost across f within i: cov(N,c;) >0 Vo> -1

Notes: This table presents six propositions, derived from the model, which can be tested in the data. Each takes the form
of a predicted covariance between two observable variables. In the first two cases, the expected relationship depends on
the scope for quality differentiation, 6, unlike in the subsequent four. The propositions are tested in turn in Table A.2.
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Testing the framework: The regressions in Table A.2 test each of the propositions of Table A.1 in turn, and find strong correla-
tional support for the key relationships predicted by the model. For instance, eqs. 3.2 and 3.5 imply that higher firm ability and
expertise ¢¢l5; correspond to (i) higher prices, and (ii) higher revenue the larger is 6. The first two columns in Table A.2 test these
predictions within and between firms, using the Rauch (1999) measure of product differentiability as a proxy for 6, and find strong
support.*® Columns (3)-(6) show similar tests for the remaining propositions, considering quality-adjusted prices, marginal costs,
quality and firm scope.>® This evidence is entirely correlation-based, and is not intended to prove that the highly stylized framework
presented above is a perfect description of the Indian manufacturing sector. The aim is merely to show that the model has empirical
relevance, sufficient to serve as a useful guide for thinking about the impact of the China shock on Indian manufacturing.

Table A.2
Tests of cost- vs. quality-based competition.
@™ (2) ®3) “@ ) 6)
PriceDM Price QAP QAP Quality Scope
Revenue 0.0973*** 0.102%** —0.168*** —0.367***
(14.34) (52.47) (—49.88) (—1847.89)
Revenue x Dfftd 0.0323%** 0.0151%**
(2.78) (4.36)
Marginal cost 0.496*** 0.0331%**
(101.57) (6.72)
Fixed effects ft it ft it it it
Observations 61,553 629,999 432,705 628,359 149,671 149,675

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Dfft and
Scope. Dfftd = dummy variable for differentiated product, using Rauch (1999) liberal classification. PriceDM = de-meaned prices, to allow cross-
product comparisons on price; quality-adjusted prices are already standardised during construction. Firm-time FEs remove variation across firms
in the relationship being considered, leaving within-firm across-product variation; product-time FEs remove variation across products, leaving only
within-product variation across firms. Marginal costs are calculated using the method of De Loecker et al. (2016), which requires only very limited
functional form assumptions, and quality is calculated using the method of Khandelwal et al. (2013), as described in section 4. All regressions
including a Dfft interaction also include Dfft alone as a control. All relationships are also robust to clustering at the product level or firm-product level
rather than the firm level.

A.2. Estimation using import and export flows

Intuitively, if the tariff changes examined in the baseline specification have real effects, then these will be directly observable in
import and export flows. We therefore construct analogous measures of the five channels using data on trade flows. Direct import
competition can be measured, following Schott (2002), by China’s share of total Indian imports, i.e.

China

DirectFlow;, = Mlvnv,d:,u[; (A.2)

India,it

where Mﬂ}}{ﬁ,“ itis Indian imports from China of product i in year t, and likewise M}’,’{g{fk is total Indian imports of i from the World.”! The

input channel is then a weighted average of this import competition measure, across inputs k used in production of good i, as in eq. 4.1
in the tariff-based method:

Mhina

Kt

InputFlow, = E Qi .MVnValrjd (A.3)
k India kt

Intuitively, this reflects the extent to which Chinese components are entering the markets for a good’s inputs. The output channel
then follows in the same way:

China

M e
OutputFlow,, = Zyik Windia e (A.4)
x

World
India kt
Similar to eq. 4.2 in the tariff-based method, this reflects the extent to which the products k using good i as an input are facing
import competition from China (which could then spill upstream to reduce demand for good i itself).
We measure the final two channels analogously. Our export competition measure is essentially the same as the import competition

49 Specifically, we construct a “homogenous” vs. “differentiated” dummy as in Eckel, lacovone, Javorcik, and Neary (2015), using Rauch’s “liberal”
classification with his “reference-priced” and “traded on an organized exchange” categories amalgamated into the “homogenous” category.

50 Note that the corresponding propositions in Table A.1 do not depend on 6, so we do not include an interaction with the Rauch measure.

51 We follow Schott (2022), Bernard and Jensen (2002) and Barua (2016) in using this value share measure of import competition rather than the
import penetration rate (i.e. imports over domestic production plus imports) or import price measures due to the lack of availability of compre-
hensive product-level domestic production data or import price time series.

25



A. Copestake and W. Zhang China Economic Review 77 (2023) 101891

variable, except applied to OECD export destinations rather than the Indian market:

China

M
ExpCompFlow,, = M(‘:f’f’? i (A.5)

OECD,it

In other words, we use China’s share of total OECD imports to proxy for Chinese competitive pressure on India’s export markets.>?
Lastly, we measure the export opportunity channel by the inverse of the import competition channel, i.e. by India’s share in total
Chinese imports:

india

ExpOpptFlow, = M(v/;,’::l;" (A.6)
China,it

Thus all five variables have the same structure — specifically, a share (or weighted average of shares) of the total imports of some
country or group of countries.

The trends in the underlying variables are shown in Panel (b) of Fig. 6. Import competition, export competition and export op-
portunity all rise substantially over the period, and particularly after 2001. In the graph, we multiply the values of the latter by ten so
that the trend is visible — the export opportunity channel is by far the smallest of the three, reflecting the very small share of Indian
products in China’s imports.”

The next step is to identify exogenous variation in these measures, so we can examine their effects on firm outcomes. All except
ExpCompFlow;; include either Indian imports or Indian exports, and so may reflect not just the exogenous supply-side shock from
China’s integration but also Indian supply-side or demand-side shocks. We therefore construct instrumental variables in the manner of
Autor et al. (2013), replacing the India-related terms with alternatives constructed from a basket C of comparable Southeast Asian
countries (Bangladesh, Indonesia, Malaysia, Philippines, Thailand).** Specifically, we construct:

DirectFlow} = % (A7)

InputFlow!) Za,k [Z‘ECAA:[I%Z} (A.8)
D cecMy

0utputFlowf,V = Z {%jﬁfz&%z:l (A.9)

ExpOpptFlowa = % (A.10)

China,it

In short, we instrument for Chinese import competition in India with import competition in the comparison countries, and we
instrument for Indian export opportunities in China with the comparison countries’ export opportunities in China. We use these
measures to run an alternative, complementary specification, which can exploit annual variation because China’s WTO accession is no
longer required for identification. Specifically, we run:

Iy, = agy - InlnputFlow,
~+aj - InDirectFlow;
i) - InOutputFlow;,
“+ay) - InExpCompFlow,,
a) - InExpOpptFlow;,
0 X+ ag by + ot g

(A.1D)

where InputFlowY, DirectFlowl), OutputFlow!y and ExpOpptFlowY are used to instrument for channels (i)-(iii) and (v) respectively.

A.3. Estimates of the elasticity of substitution

In the baseline specification, we use ¢ = 3.7, the median elasticity of substitution across Indian goods calculated by Broda,
Greenfield, and Weinstein (2006). This is close to the typical median value for o, 3.4, across all countries in Broda et al.’s study, and the

52 We use exports to the OECD, rather than to the whole world, to avoid any overlap between the set of export markets considered and the
countries used in the instrument discussed below. Exports to the OECD are a large share of India’s total exports; e.g., 22.6% of total exports in 1999
were to the USA alone, while the largest non-OECD market was Hong Kong at 6.1%.

53 Not only does India have a substantial trade deficit with China, shown in Figure 9, total Chinese imports are far larger than total Indian imports
(e.g., $460 billion vs. $93 billion in 2004).

54 We choose these economies because they all (a) have a similar degree of diversification to India, and/or similar GDP per capita to India at the
start of the period studied, and (b) have Comtrade data available throughout the period.
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authors also find that median elasticities do not differ significantly across product types - i.e. between commodities vs. reference-
priced goods vs. differentiated goods (Broda et al., 2006).

Nonetheless, we also test the robustness of our results to using industry-specific elasticities of substitution. Quality is again derived
from the residual of regression eq. 13, but now this uses an industry-specific o; in place of the constant ¢. The estimated quality-
adjusted prices also change in turn, as they depend on the new quality measures. We use industry-specific elasticities of substitu-
tion from the same source (Broda et al., 2006), and run robustness checks at both the two- and three-digit levels of aggregation. As
shown in Table A.3, results remain similar at both levels, with point estimates slightly larger than in the baseline specification.

Table A.3
Input effects of China’s WTO accession — industry-specific sigmas.

Qualitys_gigie QAP3_igie Quality>gigit QAP:_gigit
Panel A: Full Sample
InputTariff 1.608%** —1.409%** 0.481*** —0.281%**
(5.83) (—5.65) (5.23) (—4.97)
FEs if,st i,f,st if,st if,st
Controls Yes Yes Yes Yes
N 164,929 164,929 164,929 164,929
Panel B: Intensive Margin Only
InputTariff 1.571%** —1.366%** 0.469%** —0.264%**
(5.70) (—5.49) (5.10) (—4.67)
FEs if,st if,st if,st i,f,st
Controls Yes Yes Yes Yes
N 137,719 137,719 137,719 137,719

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in
logs, except Exit which is as described in Section 4. Panel A includes all products, while Panel B only includes those products which
first appear in the dataset prior to China’s WTO accession at the end of 2001. All regressions include firm, product and state-year
FEs, and control for rural/urban location, public/private ownership, and the other four channels (direct import competition, output
effects, export competition and export opportunities). Quality and quality-adjusted prices are calculated using the procedure of
Khandelwal et al. (2013) with industry-specific sigmas obtained from Broda et al. (2006). The input channel is measured as
described in Section 4 —i.e. each coefficient gives the percentage change in the average value of the outcome variable in the post-
accession period resulting from a 1% higher average pre-accession tariff on the firm’s inputs.

A.4. Further controls

In an additional precaution against misattribution, we test for robustness to various possible confounding factors. Higher initial
tariffs may reflect the lobbying power of large or well-connected industries, which may itself generate faster rises in quality or price
over time.”® Similarly, infant industry arguments or political concerns may encourage the government to protect labor-intensive in-
dustries or those paying high wages. Following Lu and Yu (2015), we account for these specific political and economic factors by
controlling for five industry-level variables: log total employment, log total sales, the share of public firms, the capital-labor ratio and
log average wage per worker. Table A.4 shows the results: the main results for quality and price (repeated in columns 1 & 5 for
convenience) are barely affected, whether including additional controls with annual variation (columns 2 & 6), or with their 2001 level
interacted with the post-2001 dummy (3 & 7), or both (4 & 8).

Table A.4
Input effects of China’s WTO accession — additional controls.

Log Quality Log Price
@™ 2) 3) “@ 5) 6) @ 8
InputTariff 0.238%*** 0.217%** 0.268%*** 0.256%** 0.194** 0.179%%* 0.228*** 0.221 ***
(4.27) (4.15) (4.54) (4.36) (3.72) (3.66) (4.16) (4.02)
Log Employment, —0.136%** —0.147%** —0.0568%** —0.0719%**
(—10.00) (—8.81) (—4.54) (—4.73)
Log Sales; 0.194%** 0.198*** 0.0682%** 0.0773%***

(continued on next page)

55 For example, lobbying has influenced Indian trade policy on spirits (which became the subject of an official complaint to the WTO by the EU
(Sen, 2007, World Trade Organisation, 2008)), wine (see, for instance, telegraph.co.uk/finance/.../Tax-deal-to-uncork-India-for-wine-investors)
and motorcycles (see economictimes.indiatimes.com/news/.../50-tariff-on-us-motorcycles-by-india-unacceptable-says-donald-trump). These cases
illustrate both that strategic manipulation occurs, and that it tends to be substantial in only narrow sectors with well-organized lobbies. Moreover, it
is not clear that such tariffs allow for improved performance over time — they may instead encourage stagnation by reducing competition. None-
theless, we control for correlates of such lobbying as a precaution.
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Log Quality Log Price
@ (2 3 (] 5) 6) @) ®
(16.82) (14.01) (6.45) (5.99)
Share of Public Firms; 0.109 0.187* 0.0540 0.143
(1.26) (1.73) (0.66) (1.43)
K-L Ratio, 0.000292 0.000210 0.000582** 0.000438
(0.91) (0.64) (1.96) (1.43)
Log Average Wage; —0.0169 —0.0481 0.0293 —0.00258
(—0.55) (-1.31) (1.05) (—0.08)
Post2001; x Log Employmentzgo1 0.0633* 0.00671 0.0177 —0.00833
(1.93) (0.20) (0.57) (—0.26)
Post2001, x Log Salesygo; —0.0777%** —0.0223 —0.0351 —0.0117
(-3.17) (—0.90) (-1.53) (—0.50)
Post2001, x Share of Public Firmsago; 0.613** 0.733*** 0.658%*** 0.727%***
(2.36) (2.76) (2.65) (2.85)
Post2001, x K-L Ratiozoo1 0.00602** 0.00493* 0.00427 0.00387
(2.17) (1.77) (1.64) (1.47)
Post2001; x Log Average Wageaoo1 —0.0645 —0.0917 —0.0961* —0.111%**
(-1.15) (-1.59) (-1.82) (—2.06)
Fes i,f,st i,f,st i,f,st i,f,st i,f,st i,f,st i,f,st i,f,st
Controls Yes Yes Yes Yes Yes Yes Yes Yes
N 165,011 162,961 131,041 130,049 165,579 163,523 131,472 130,477

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All regressions include firm, product
and state-year FEs and control for rural/urban location, public/private ownership, and the other four channels (direct import competition, output
effects, export competition and export opportunities). Quality is calculated using the procedure of Khandelwal et al. (2013). The input channel is
measured as described in Section 4 — i.e. each coefficient in the first row gives the percentage change in the average value of the outcome variable in
the post-accession period resulting from a 1% higher average pre-accession tariff on the firm’s inputs.

A.5. Instrumenting tariff changes with 2001 levels

As noted in Section 4, a higher 2001 tariff does not always correspond exactly to a larger fall in tariffs post-2001. An alternative
estimation strategy therefore uses the true observed changes in tariffs after 2001, instrumented using their 2001 level to account for the
fact that post-2001 changes are likely endogenous, as discussed above. We run the following regression:

Inyy, = o - AlnlnputTariff;
“+agi - AlnDirectTariff;,
+ai) - AlnOutputTariff;
+aiy) - AlnExpCompTariff;
“+ayg,) - AlnExpOpptTariff;
+a Xp + a; + by + ¢ +

(A.12)

where the changes in tariff variables ATariff;; are the tariff reductions after 2001, i.e. Tari  ff;, 2001 — Tariff, and take the value O prior
to 2001.%° We use the 2001 tariff levels Tariff; 2001 as instruments for the tariff reductions. Note that since these do not vary over time,
we can only control for sector-level fixed effects g; rather than product-level fixed effects a;, as the product-level controls would absorb
the variation in the instruments.

Table A.5 shows the input channel results using the IV approach. The quality-upgrading effect persists, with a 1% reduction in the
average tariff on imported inputs leading to a 3.6% quality improvement and a 5.5% price increase. All outcomes except for quality-
adjusted prices follow the theoretical predictions and align with the baseline results.

Table A.5
Input effects of China’s WTO accession — IV.
MCs Quality Price QAP Quantity Revenue Exit
Panel A: Full Sample
AlnputTariff 4.577** 3.616%* 5.532%** 2.293%* —2.262 2.874%** —0.808%**
(2.32) (2.22) (3.31) (2.09) (-1.29) (2.93) (—4.31)
FEs jofst Jofst jofst jofst jofst jofst jfst
Controls
First Stage F-Stat 3.937 5.870 6.116 5.870 5.879 12.06 12.07

(continued on next page)

56 We use tariff reductions rather than tariff changes (i.e. Tariff;; — Tariff; 2001) to capture the same economic intuition as the baseline specification,
meaning the predicted results are in the same direction as the baseline results.
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Table A.5 (continued)

MCs Quality Price QAP Quantity Revenue Exit

N 21,502 107,965 108,381 107,965 107,986 117,737 117,778
Panel B: Intensive Margin Only
AlnputTari  ff 3.909* 4.567* 7.046%** 2.705%* —2.184 3.815%** —0.767%**

(1.87) (2.50) (3.52) (2.24) (-1.18) (3.43) (-3.77)
FEs jofst jofist jofst jofst jofst jofst jofst
f First Stage F-Stat 3.435 5.408 5.512 5.408 5.407 10.83 10.83
N 19,697 98,339 98,663 98,339 98,345 107,660 107,701

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Exit
which is as described in Section 4. The change in tariffs are calculated as the reduction from 2001 tariff level, instrumented by the latter. All re-
gressions include firm, product(two-digit) and state-year FEs, and control for rural/urban location, public/private ownership, and the other four
channels (direct import competition, output effects, export competition and export opportunities). The product-level fixed effect is controled at two-
digit CPC product code, rather than five-digit, to preserve the instruments which is fixed over time at five-digit product level. Quality and quality-
adjusted prices are calculated using the procedure of Khandelwal et al. (2013), and marginal costs are calculated using the procedure of De
Loecker et al. (2016).

A.6. Annual tariffs

We also check the robustness of our results to using an annual tariff specification, rather than the difference-in-differences method
outlined in Section 4. While this is more vulnerable to endogeneity concerns, as noted in the main text, it does allow more of the
variation in the tariff variable to be used. We follow Brandt et al. (2017) in regressing each dependent variable on tariffs in each year:

Inyy, = ag - InlnputTariff,
~+agi - InDirectTariff
+ii) - InOutputTariff
+ay) - InExpCompTariff
+a, - InExpOpptTariff
+a Xp + a; + by + ¢ +

(A.13)

where each coefficient a reflects the average percentage change in y;s; associated with a 1 % increase in the respective tariff.
The results are shown in Table A.6. All relationships are in the opposite direction to the difference-in-differences specifi-
cation, while the interpretation of the results is unchanged: lower tariffs on inputs allow output quality to rise, and by more
than prices, so quality-adjusted output prices fall and revenue rises. All previously significant relationships remain so, except
for the exit margin.

Table A.6
Input effects of China’s WTO accession — annual tariffs.
MCs Quality Price QAP Quantity Revenue Exit
Panel A: Full Sample
InputTariff; —0.267*** —0.292%** —0.218%** 0.0730%** 0.0218 —0.152%** 0.00209
(—4.09) (—9.02) (=7.74) (7.03) (0.63) (—6.46) (0.32)
FEs if,st ifst if,st ifst if,st if,st if,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 30,131 149,471 150,084 149,471 149,479 160,583 160,649
Panel B: Intensive Margin Only
InputTariff, —0.273%*** —0.302%** —0.221%** 0.0791%** 0.00942 —0.169*** 0.00234
(—4.00) (-8.78) (—7.40) (7.44) (0.27) (-7.14) (0.349)
FEs if,st if,st if,st if,st if,st if,st i,f,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 27,618 136,506 137,031 136,506 136,513 147,049 147,114

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Exit
which is as described in Section 4. All regressions include firm, product and state-year FEs, and control for rural/urban location, public/private
ownership, and the other four channels (direct import competition, output effects, export competition and export opportunities). Quality and quality-
adjusted prices are calculated using the procedure of Khandelwal et al. (2013), and marginal costs are calculated using the procedure of De Loecker
etal. (2016). The input channel is measured as described in Appendix A.6 —i.e. each coefficient reflects the average percentage change in the outcome
variable associated with a one percent increase in the average tariff on the firm’s inputs.

We do not lag input tariffs in Table A.6 because there is already a partial lag built into the regressions due to the differing calendars
of UN Comtrade and the Indian Annual Survey of Industries. Comtrade uses calendar years while ASI uses the Indian financial year,
from April to March. Thus the ASI data already lags the Comtrade data by one quarter, allowing firms to adjust to tariff changes. To
check that using same-year tariff variables is sufficient, we repeat specification A.13 but include an additional lagged term for each of
the tariff variables. As shown in Table A.7, the coefficients on the resulting InputTariff,_; term are in general less significant, sub-
stantially smaller, and in varying directions for instance, prices and quality rise with lagged tariffs while revenue falls. We conclude

29



A. Copestake and W. Zhang China Economic Review 77 (2023) 101891

that the mechanism of interest in our paper is already reflected sufficiently in the InputTariff; term which includes the one-quarter lag.

Table A.7
Input effects of China’s WTO accession — annual tariffs and one-year lags.
MCs Quality Price QAP Quantity Revenue Exit
Panel A: Full Sample
InputTariff, —0.372%** —0.441%** —0.331%** 0.108%** 0.0411 —0.181%*** —0.00324
(—4.25) (—9.69) (—8.36) (7.89) (0.88) (—6.18) (-0.37)
InputTariff,_1 0.106 0.183*** 0.176%*** —0.0107 —0.143*** —0.0920%*** —0.0178**
(1.37) (4.95) (5.23) (—0.96) (—3.44) (—3.52) (-2.31)
FEs i,f,st if,st i,f,st if,st i,f,st i,f,st i,f,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 23,520 115,251 115,693 115,251 115,254 124,460 124,509
Panel B: Intensive Margin Only
InputTariff, —0.374%** —0.452%** —0.340%** 0.109%** 0.0489 —0.181%** —0.00375
(—4.15) (—9.62) (-8.31) (7.77) (1.02) (—6.05) (—0.42)
InputTariff;_1 0.118 0.177%** 0.176%** —0.00677 —0.152%*%* —0.107*** —0.0176**
(1.52) (4.73) (5.14) (-0.61) (-3.63) (—4.10) (—2.26)
FEs i,f,st if,st i,f,st i,f,st i,f,st i,f,st i,f,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 22,297 108,498 108,905 108,498 108,501 117,330 117,379

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Exit
which is as described in Section 4. All regressions include firm, product and state-year FEs, and control for rural/urban location, public/private
ownership, and the other four channels (direct import competition, output effects, export competition and export opportunities). Quality and quality-
adjusted prices are calculated using the procedure of Khandelwal et al. (2013), and marginal costs are calculated using the procedure of De Loecker
etal. (2016). The input channel is measured as described in Appendix A.6 —i.e. each coefficient reflects the average percentage change in the outcome
variable associated with a one percent increase in the one-year lagged average tariff on the firm’s inputs.

A.7. Impact of other reforms

Several major reforms occurred in India during the 1990s and 2000s, but many had reached their conclusion by the beginning of
the period considered here.”” Almost 85% of industries had been delicensed by 1991, >90% by 2000, and almost all of these delicensed
industries were eligible for automatic FDI approval by 2001 (Arnold, Javorcik, Lipscomb, & Mattoo, 2016; Harrison, Martin, &
Nataraj, 2013). The Indian government substantially reduced tariffs on many industrial goods in 2005 (Virmani, 2005; World Bank,
2006), but this reform was a continuation of the earlier trend in tariff reduction — as shown in Fig. 6 Panel (a). Panel (b) shows a
delayed impact of this reform on imports from China, which do not spike until 2006.

To alleviate possible concerns about endogeneity of these tariff changes, we therefore run additional robustness checks on the
limited sample from 1998 to 2005, as shown in Table A.8. The quality-upgrading effect still holds, in both product- and firm-level
regressions and using both the difference-in-differences and Autor et al. (2013) methods, with the results merely slightly less signif-
icant due to the smaller sample.”®

Table A.8
Input effects of China’s WTO accession — 1998-2005 only.
Product-level Firm-level
Quality Price Quality Price TFP TFP
InputTariff — DiD 0.176%** 0.164%**
(3.52) (3.64)
InputFlow — ADH 3.370* 3.030*
(1.94) (1.94)
InputTariff — DiD, firm-level 0.0618%**
(8.30)
InputFlow — ADH, firm-level 0.150%**
(14.78)
FEs if,st i,f,st i,f,st i,f,st f,st f,st

(continued on next page)

57 An exception is service sector liberalization, discussed in Arnold et al. (2016), which may have magnified the impact of China’s WTO accession.
An exploration of the interaction effects between goods tariff declines and service sector liberalization is left for future work.

58 The over-large coefficients reported for the ADH method, in the third and fourth columns, reflect that the instruments are now much weaker
than in Table 5.2. This is because China’s export expansion did not take off in many countries until 2003, or even later (see Figure 1 for example), so
there is limited variation in the instruments.
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Table A.8 (continued)

Product-level Firm-level
Quality Price Quality Price TFP TFP
Controls Yes Yes Yes Yes Yes Yes
First Stage F-Stat 1.24 1.191 121.7
N 53,025 53,053 70,201 70,240 24,597 27,434

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs. DiD = dif-
ference-in-differences specification using 2001 tariff levels, as in Section 4. ADH = Autor et al. (2013) specification using plausibly exogenous import
and export flows, as in Section A.2. All regressions include firm, product (for product-level regressions) and state-year FEs and control for rural/urban
location, public/private ownership, and the other four channels (direct import competition, output effects, export competition and export oppor-
tunities). Quality is calculated using the procedure of Khandelwal et al. (2013), and firm-level TFP is calculated using the procedure of Ackerberg et al.
(2015).

Another significant policy change was the end of the Multi-Fibre Arrangement (MFA) in 2005, which loosened restrictions on
textile exports, with implications for Indian producers (Rangarajan, 2005; Chandra, 2006). We therefore exclude MFA-related sectors
in our sample, namely textiles and clothing.’® As shown in Table A.9, the point estimates for the increases in quality and price are lower
in the new smaller sample, but still significant.

Table A.9
Input effects of China’s WTO accession — excluding MFA-related sectors.

MCs Quality Price QAP Quantity Revenue Exit
Panel A: Full Sample
InputTariff 0.172 0.128** 0.0879* —0.0369** 0.00898 0.0436 —0.0126
(1.30) (2.29) (1.73) (-2.31) (0.15) (1.25) (-1.31)
FEs if,st if,st if,st if,st if,st if,st if,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 27,335 129,375 129,849 129,375 129,381 139,321 127,312
Panel B: Intensive Margin Only
InputTariff 0.177 0.128%* 0.0888* —0.0347** 0.000528 0.0391 —0.0112
(1.30) (2.30) (1.75) (-2.17) (0.01) (1.149) (-1.14)
FEs i,f,st i,f,st i,f,st i,f,st i,f,st i,f,st i,f,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 22,355 106,936 107,297 106,936 106,941 116,187 109,079

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Exit
which is as described in Section 4. Panel A includes all products, while Panel B only includes those products which first appear in the dataset prior to
China’s WTO accession at the end of 2001. All regressions include firm, product and state-year FEs, and control for rural/urban location, public/
private ownership, and the other four channels (direct import competition, output effects, export competition and export opportunities). Quality and
quality-adjusted prices are calculated using the procedure of Khandelwal et al. (2013), and marginal costs are calculated using the procedure of De
Loecker et al. (2016). The input channel is measured as described in Section 4 —i.e. each coefficient gives the percentage change in the average value
of the outcome variable in the post-accession period resulting from a 1% higher average pre-accession tariff on the firm’s inputs.

A.8. Census selection and the exit variable

Since the ASI is only a census for firms with >100 workers, a given firm-product exit from the data could be either a genuine exit or
the result of the firm falling below the size threshold for the census panel. To test whether the latter is driving the results, we repeat the
exit regressions using only the subset of firm-product exits for which the same firm continues in the panel - i.e. using only those product
exits that are known to be due to the firm dropping the product, not the firm itself exiting. The results are shown in Table A.10, for both
the original exit variable and the new refined version. The results remain very similar, suggesting that census selection is not driving
the exit effects. Indeed, the number of firm-product exits is only slightly lower in the refined version, implying a relatively limited role
for firm (rather than firm-product) exit among these large firms.

Table A.10
Robustness of the exit variable to sample selection.

Exit

Original Refined

(i) InputTariff —0.0180* —0.0180*

(continued on next page)

59 Specifically, the excluded sectors are HS 2-digit product classes 26, 27 and 28: “Yarn and thread, woven and tufted textile”, “Textile articles
other than apparel”, and “Knitted or crocheted fabrics; wearing apparel”, respectively.
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Table A.10 (continued)

Exit
Original Refined
(-1.95) (-1.93)
(ii) DirectTariff 0.0106 —0.0374*
(0.49) (—1.68)
(iii) OutputTariff —0.00526* —0.00910%**
(-1.78) (-3.10)
(iv) ExpCompTariff 0.00650 0.00131
(1.54) (0.31)
(v) ExpOpptTariff —0.00728 —0.00656
(-0.67) (—0.60)
FEs i,f,st i,f,st
Controls Yes Yes
Number of firm-product exits 93,464 70,062
Observations 161,072 161,072

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors
clustered at the firm level. Exit measured as described in Section 4. The second column
refines the exit variable to include only those firm-product exits for which the firm is not
also exiting —i.e. only those exits which could not be caused by the firm falling below the
census cutoff. All regressions include firm, product and state-year FEs, and control for
rural/urban location and public/private ownership. Each channel is measured as
described in Section 4 —i.e. each coefficient gives the marginal change in the probability
of exit in the post-accession period resulting from a 1% higher pre-accession tariff on the
relevant trade vector.

A.9. District-time fixed effects

Table A.11 repeats the baseline regressions using district-time, rather than state-time, fixed effects. As discussed in Appendix B.2,
we only have district identifiers for a subset of years, so these regressions use data between 1998 and 2009. Results remain very similar;
several of the effects are actually strengthened, while the marginal cost and exit probability coefficients lose significance in the smaller
sample.

Table A.11
Input effects of China’s WTO accession — state-district-time FEs.

MCs Quality Price QAP Quantity Revenue Exit
Panel A: Full Sample
InputTariff 0.0897 0.292%** 0.215%** —0.0729%** —0.0226 0.0885%*** —0.00743
(0.60) (5.10) (4.20) (—4.40) (—0.38) (2.67) (-0.75)
FEs i,f,dt i,f,dt if,dt if,dt i,f,dt i,f,dt if,dt
Controls Yes Yes Yes Yes Yes Yes Yes
N 19,049 97,629 97,893 97,629 97,635 107,680 107,731
Panel B: Intensive Margin Only
InputTariff 0.108 0.293%*** 0.218%*** —0.0703*** —0.0328 0.0836** —0.00480
(0.71) (5.12) (4.26) (—4.23) (—0.55) (2.53) (—0.48)
FEs i,f,dt i,f,dt if,dt i,f,dt i,f,dt i,f,dt if,dt
Controls Yes Yes Yes Yes Yes Yes Yes
N 18,519 94,636 94,898 94,636 94,641 104,198 104,248

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Exit
which is as described in Section 4. Panel A includes all products, while Panel B only includes those products which first appear in the dataset prior to
China’s WTO accession at the end of 2001. All regressions include firm, product and district-year FEs, and control for rural/urban location, public/
private ownership, and the other four channels (direct import competition, output effects, export competition and export opportunities). Quality and
quality-adjusted prices are calculated using the procedure of Khandelwal et al. (2013), and marginal costs are calculated using the procedure of De
Loecker et al. (2016). The input channel is measured as described in Section 4 —i.e. each coefficient gives the percentage change in the average value
of the outcome variable in the post-accession period resulting from a 1% higher average pre-accession tariff on the firm’s inputs.

A.10. Export competition in additional economies
To reflect the shift in India’s export partners towards Asian economies in the 2000s, we add Singapore and Saudi Arabia to the
basket of OECD countries used when calculating the export competition channel in Section A.2. The results are almost unchanged in

terms of both direction and magnitude (Table A.12). The first and third rows are the baseline results from the method using import and
export flows, while the second and fourth rows include the additional Asian economies.
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Table A.12
Input effects of China’s WTO accession — robustness checks (additional economies).

Product-level Firm-level

Quality Price Quality Price TFP TFP
InputFlow 0.684** 0.577%**

(2.61) (2.29)
InputFlow (add. econ) 0.686%** 0.579%*

(2.60) (2.27)
InputFlow, firm-level 0.147%%*
(28.78)
InputFlow (add. econ) firm-levels 0.147%%*
(28.78)

FEs i,f,st if,st i,f,st i,f,st f,st f,st
Controls Yes Yes Yes Yes Yes Yes
First Stage F-Stat 19.51 19.56 18.62 18.67 127.5 123.9
N 267,150 268,079 267,162 268,091 95,779 95,783

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs. Add.econ =
additional economies. The flow methods adopts Autor et al. (2013)’s specification using plausibly exogenous import and export flows, as in Section
A.2. All regressions include firm, product (for product-level regressions) and state-year FEs and control for rural/urban location, public/private
ownership, and the other four channels (direct import competition, output effects, export competition and export opportunities). Quality is calculated
using the procedure of Khandelwal et al. (2013), and firm-level TFP is calculated using the procedure of Ackerberg et al. (2015).

A.11. Controlling for geographic collocation

This paper is focused on spillover effects through production linkages, yet geographic clustering could also play a similar role. Two
industries that are closely connected in supply chains, e.g., iron foundries and industrial machinery manufacturing, may tend to locate
close to one another to minimise transport costs or exploit other benefits of proximity. Locality-specific demand or supply effects could
then correlate with input-output connections, biasing estimates of the true effect of the latter. Acemoglu, Akcigit & Kerr (2015,
hereafter AAK) model local demand effects, such that, for instance, a negative shock to demand for cast iron has an adverse effect on all
other industries in the region, within which industrial machinery may be over-represented. Such geographic collocation, if wide-
spread, could lead to an overestimate of the importance of production linkages.

To control for such factors, we adopt AAK’s empirical approach. This measures the contribution of this geographic overlay using the

noncentered cross-region correlation coefficient of industries i and k, normalised by their national levels of production®’:

geogy = Z”’r—:j" (A.14)

d

where ry ; is total sales of industry i in district d, and r; and rq are aggregates at the industry and district levels respectively.®’ As with
egs. 4.1 and 4.2, we then use these coefficients to take a weighted average of the import competition faced by geographically collocated
industries — thus taking into account import competition effects through the geographic network, as distinct from the production
network.%”

Table A.13 presents the results from including this collocation term in the main regressions. The results are very similar to those in
Table 5.1 — collocation has only very minor effects on the coefficients, except for the product exit margin. This suggests that while local
effects may impact profitability (for which the exit variable is a proxy, as in Section 3), they do not play a significant role in mediating
the quality-upgrading mechanism. In other words, it is indeed input-output production linkages, rather than geographic collocation,
that drive the upgrading effect.

50 For a full derivation, see AAK sections II-B and IIL.C.

61 As with the calculations of az and yy in Section 4, we use constant and predetermined coefficients throughout to prevent potential endogeneity
of the geographic overlay with respect to tariff levels and/or trade flows. In this case, we use sales data from the year 2000 since this is the first year
in which we have broad coverage across industry-district cells.

52 Once again, we set geog; equal to zero for all i to avoid double-counting the direct import competition channel.
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Table A.13
Input effects of China’s WTO accession — including collocation.

MCs Quality Price QAP Quantity Revenue Exit
Panel A: Full Sample
InputTariff 0.231* 0.234%** 0.181%** —0.0498%** —0.0493 0.0751%** —0.00779
(1.65) (3.80) (3.15) (—2.99) (-0.71) (2.07) (—0.77)
Collocation 0.414 0.0354 0.103 0.0631 —0.269 —0.0480 —0.117%**
(0.86) (0.17) (0.549) (0.95) (-1.08) (—0.30) (-2.92)
FEs if,st if,st if,st if,st if,st if,st if,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 34,401 164,965 165,533 164,965 164,971 175,752 161,038
Panel B: Intensive Margin Only
InputTariff 0.248* 0.241%** 0.188%** —0.0500%*** —0.0565 0.0754** —0.00646
(1.75) (3.94) (3.27) (—2.98) (—0.81) (2.10) (—0.63)
Collocation 0.382 0.0117 0.0909 0.0786 —-0.303 —0.0955 —0.113%**
(0.79) (0.06) (0.48) (1.18) (-1.21) (—0.60) (—2.81)
FEs if,st i,f,st i,f,st i,f,st i,f,st if,st i,f,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 28,460 137,780 138,229 137,780 137,785 147,843 139,739

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Exit
which is as described in Section 4. Panel A includes all products, while Panel B only includes those products which first appear in the dataset prior to
China’s WTO accession at the end of 2001. All regressions include firm, product and state-year FEs, and control for rural/urban location, public/
private ownership, and the other four channels (direct import competition, output effects, export competition and export opportunities). Quality and
quality-adjusted prices are calculated using the procedure of Khandelwal et al. (2013), and marginal costs are calculated using the procedure of De
Loecker et al. (2016). The input channel is measured as described in Section 4 —i.e. each coefficient gives the percentage change in the average value
of the outcome variable in the post-accession period resulting from a 1% higher average pre-accession tariff on the firm’s inputs. Collocation is
measured as described in Section A.11, following Acemoglu et al. (2015): the interpretation of coefficients is analogous to that of the input channel,
except with the average tariff calculation weighted by geographic correlation rather than input usage.

A.12. Baseline results for all channels and outcomes

Table A.14 provides the full impacts of China’s WTO accession on all outcome variables through the five channels. While the input
channel sees the most significant changes, there are a couple of other features of note, which could be fruitful avenues for further
theoretical and empirical research on the various channels. First, both quantity and revenues are positively related to higher direct
competition from Chinese imports, in contrast to the expectations from our simple theoretical framework. This may point to a potential
sorting effect, whereby production becomes increasingly concentrated, in line with the higher (albeit insignificant) probability of
exiting. Second, higher export competition raises quality and prices, while driving down quantity and revenues as expected (though
magnitudes are much smaller than for the input channel). This could suggest an “escape competition” effect (Amiti & Khandelwal,
2013; Medina, 2021), whereby firms are forced to upgrade their exports to remain viable in a competitive environment. Effects
through the remaining channels, i.e. the output and export opportunity channels, are generally smaller and less significant.

Table A.14
Impact of China’s WTO accession, by channel.

MCs Quality Price QAP Quantity Revenue Exit
Panel A: Full Sample
(i) InputTariff 0.298** 0.238%** 0.194%** —0.0421%** —0.0821 0.0704** —0.0180*
(2.57) (4.27) (3.72) (-2.84) (-1.32) (2.13) (-1.95)
(ii) DirectTariff 0.00784 —0.0677 -0.125 —0.0545 0.269%* 0.198** 0.0106
(0.03) (—0.66) (-1.37) (—1.58) (2.249) (2.29) (0.49)
(iii) OutputTariff —0.0397 0.0269* 0.0185 —0.00950** 0.00825 —0.000777 —0.00526*
(—1.56) (1.94) (1.45) (-2.33) (0.52) (-0.07) (-1.78)
(iv) ExpCompTariff —0.0525 0.0508** 0.0512%** —0.000761 —0.0480** —0.0435%** 0.00650
(-1.35) (2.40) (2.64) (-0.13) (—2.14) (—2.92) (1.54)
(v) ExpOpptTariff —0.0445 0.0538 0.0518 —0.00538 —0.0338 —-0.0187 —0.00728
(—0.40) (0.98) (1.04) (—0.31) (—0.53) (—0.42) (—0.67)
FEs if,st if,st if,st i,f,st i,f,st if,st i,f,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 34,408 165,011 165,579 165,011 165,017 175,799 161,072
Panel B: Intensive Margin Only
(i) InputTariff 0.310%** 0.243%%* 0.199%** —0.0405%** —0.0928 0.0671** —0.0163*
(2.62) (4.35) (3.80) (-2.72) (—1.48) (2.06) (-1.73)
(ii) DirectTariff 0.0291 —0.0600 -0.115 —0.0477 0.236%* 0.179** 0.0188
(0.12) (—0.58) (-1.26) (-1.37) (1.97) (2.06) (0.86)

(continued on next page)
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Table A.14 (continued)

MCs Quality Price QAP Quantity Revenue Exit

(iii) OutputTariff —0.0396 0.0294** 0.0207 —0.0101%* 0.00802 —0.000286 —0.00494*

(—1.55) (2.09) (1.59) (—2.45) (0.50) (—0.03) (-1.69)
(iv) ExpCompTariff —0.0373 0.0567*** 0.0563*** —0.00142 —0.0515%* —0.0425%** 0.00505

(—0.95) (2.66) (2.89) (-0.23) (-2.29) (—2.86) (1.20)
(v) ExpOpptTariff —0.0374 0.0489 0.0469 —0.00699 —0.0230 —0.0197 —0.00675

(-0.34) (0.88) (0.93) (—0.40) (—0.36) (—0.44) (—0.63)
FEs i,f,st i,f,st i,f,st i,f,st ifst i,f,st i,f,st
Controls Yes Yes Yes Yes Yes Yes Yes
N 28,460 137,780 138,229 137,780 137,785 147,843 139,739

Notes: t-statistics in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at the firm level. All variables in logs, except Exit
which is as described in Section 4. All regressions include firm, product and state-year FEs, and control for rural/urban location, public/private
ownership. Quality and quality-adjusted prices are calculated using the procedure of Khandelwal et al. (2013), and marginal costs are calculated using
the procedure of De Loecker et al. (2016). The five channels are measured as described in Section 4 —i.e. each coefficient gives the percentage change
in the average value of the outcome variable in the post-accession period resulting from a 1% higher average pre-accession tariff on the firm’s inputs.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.chieco.2022.101891.
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