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1 Introduction

A country’s aggregate production efficiency does not rely solely on the average level of productivity
among firms. Rather, it is also contingent upon the efficient distribution of production factors across firms.
The presence of factor misallocation, which is an inefficient allocation of production factors, has garnered
substantial attention as a significant source of welfare loss, as highlighted by Hsieh & Klenow (2009). The
literature has primarily focused on the impacts of markups on misallocation, emphasizing that the dispersion
in markups is the primary driver of aggregate output (Edmond et al., 2015; Peters, 2020). However, the
misallocation of input factors, such as labor, has been relatively underexplored. This paper aims to address
this gap in the literature by examining the distortionary impact of heterogeneous monopsony power in the
labor market across Chinese firms on equilibrium factor allocation.¹ As emphasized by Atkin & Khandelwal
(2020), widespread domestic distortions in developing countries can alter the impact of trade policy reform.²
Motivated by the interplay between trade policy reform and domestic distortion, we aim to quantify the wel-
fare effects associated with the reallocation of labor after China’s accession into the World Trade Organization
(WTO) in 2001, from the lens of imperfect competition in the labor market.

To analyze how heterogeneous monopsony power across firms leads to welfare consequences at the ag-
gregate level, we construct a model with monopolistic competition in the product market and monopsonistic
competition in the labor market. Built on Card et al. (2018), the model introduces heterogeneous monop-
sony power across firms, by assuming that workers’ preference for a job is governed by a generalized extreme
value distribution that has three layers, inspired by Fajgelbaum et al. (2011). The model shows that given
the estimated parameters, the first and second moments of the industry distribution of monopsony power
are sufficient statistics of the effect of imperfect competition in labor markets on the aggregate economy.

At the micro level, the theoretical results show that the firm-level monopsony power leads firms to
produce less output, charge higher prices, use less input, substitute non-labor inputs for labor, and increase
the marginal revenue product of labor (MRPL) and revenue-based total factor productivity (TFPR).³ At the
macro level, we find that heterogeneity in firm monopsony power leads to the misallocation of production
factors and induces aggregate efficiency loss. These findings are similar to those of Hsieh & Klenow (2009),
but distortions are endogenous in our model. Our model derives that the variance in the natural log of
the markdown serves as a sufficient statistic, which we use to infer the overall efficiency of production at the
national level. Our model also demonstrates that input trade liberalization is associated with a decrease in
the heterogeneity of firms’ labor market power, while output trade liberalization has the opposite association.

Next, we quantify the welfare effect associated with labor reallocation around the time when China
joined the WTO in 2001. Using difference-in-differences (DID) regression, we explore the impact of trade
liberalization on the variance of log markdown. Markdown, which is the ratio of the MRPL to the wage,

¹For simplicity, monopsony power refers to firms market power in the labor market in the following, unless otherwise stated.
²Bai et al. (2024) even argue that the gains from trade turn negative with the existence of firm-level distortion.
³Appendix C presents the firm-level equilibrium results.
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is estimated following Yeh et al. (2022). Following Brandt et al. (2017), we use industry-level input and
output tariffs as proxies for trade liberalization. Using data from the Chinese Annual Survey of Industrial
Firms (ASIF) for 1998-2007, the empirical evidence shows that lower input tariffs reduce the variance of log
markdown on average, and reductions in firm markdowns are larger among firms with higher monopsony
power. In contrast, reductions in output tariffs have no significant effect. The results suggest that input
trade liberalization helps to mitigate misallocation in the labor market and improve aggregate production
efficiency. Our empirical results are robust to alternative measures of markdown and different specifications.

This paper is related to three strands of literature. First, our work complements the literature on misal-
location by identifying a novel source of misallocation, which is heterogeneous monopsony power. Previous
work mainly focused on misallocation in the capital and the product markets (Edmond et al., 2023; Epifani
& Gancia, 2011; Hsu et al., 2020; Midrigan & Xu, 2014; Peters, 2020).⁴ The input market, especially the la-
bor market, has received considerably less but increasing attention (Morlacco, 2019; Rabinovich &Wolthoff,
2022; Tortarolo & Zarate, 2018; Trottner, 2023). Bai & Cheng (2016) measure labor misallocation in China
at the province level between 1980 and 2010. They find that the secondary sector’s wage deviations from
the MRPL contributed to labour misallocation, and opening to trade improved the allocation. Tortarolo &
Zarate (2018) measures the the market power in the product and labor markets simultaneously. They find
that the counterfactual of removing variable labor market power increases total factor productivity (TFP) by
2.5% across sectors. Trottner (2023) constructs a model of imperfect competition in output and factor mar-
kets with fixed costs, an endogeneous number of firms, and variable markups and markdowns. As emphasized
by Trottner (2023), when markdowns or markups differ across producers, the market allocation becomes
inefficient due to several distortions. The micro-level distributions of markups and markdowns shape the
equilibrium’s response to shocks, and abstracting from markdowns understates not only the overall welfare
loss, but also the importance of the indirect efficiency effect. To complement the literature, in the spirit of
Hsieh & Klenow (2009) and Trottner (2023), our model shows that firm heterogeneity in monopsony power
in the labor market generates differentiation in MRPL, leads to misallocation across firms, and results in an
efficiency loss.⁵ Specifically, the variance in the log of markdown, captures the effect of misallocation.

Second, this paper is related to the literature on the impact of trade liberalization on labor market power.⁶
With the revival of interest in imperfect competition in the labor market, dozens of papers have focused on
the interaction between trade and imperfectly competitive labor markets.⁷ Many papers investigate the impact

⁴Lu & Yu (2015) and Liu & Ma (2021) estimate the impact of tariff reduction during China’s WTO accession on firms’
markup and markup distribution and find that, output tariff liberalization reduces markup and markup dispersion, while input
tariff liberalization has the opposite effect.

⁵Efficient allocation of production factors across firms can be achieved only if the marginal products of different firms are
equivalent in a static model of production and demand. Any deviation incurs misallocation (Restuccia & Rogerson, 2008).

⁶Previous work mainly concentrated on studying the effect of trade liberalization on product market power, i.e., the markup
(Brandt et al., 2017; De Loecker et al., 2016; Edmond et al., 2015; Fan et al., 2018; Levinsohn, 1993; Liu & Ma, 2021).

⁷The persistent decrease in the labor’s share across countries (Dorn et al., 2017; Karabarbounis & Neiman, 2014), the stagnant
wage growth (Gould, 2014), and high inequality within countries (Card et al., 2013) have made imperfect competition in the labor
market to be the focus of a burgeoning research recently (Boal & Ransom, 1997; Manning, 2003a; Manning, 2003b).
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of trade liberalization on firms’ monopsony power per se (Ahsan & Mitra, 2014; Dobbelaere & Wiersma,
2020; Felix, 2021; Kondo et al., 2023; Macedoni & Tyazhelnikov, 2024; MacKenzie, 2021; Pham, 2023).
Other papers focus on the impacts of import competition (Caselli et al., 2021; Mertens, 2020) and foreign
direct investment (Lu et al., 2019) on labor market power. Previous work primarily focused on the impact of
trade liberalization on firms’ labor market power per se, while the heterogeneity of firms’ labor market power
and its welfare implications have been neglected. Our study demonstrates that input trade liberalization
reduces the heterogeneity of labor market power across firms and alleviates misallocation, thereby serving as
an additional channel for the gains from trade. Specifically, our work reveals two novel mechanisms through
which trade liberalization exerts a heterogeneous impact on firms’ labor market power: firms’ intermediate
input intensity and employment composition in terms of skilled and unskilled labor.

Third, this paper provides a model that characterizes firms’ heterogeneous monopsony power in the labor
market with good tractability. Manning (2021) shows that researchers often impose imperfect competition in
the labor market in one of two ways, search frictions (Burdett & Mortensen, 1998; Wu, 2020) or preference
heterogeneity (or job idiosyncrasy) (Card et al., 2018; Manning, 2003b). In the trade literature, there are
also two types of models that characterize labor market power, oligopsonistic (Macedoni & Tyazhelnikov,
2024) and monopsonistic (Egger et al., 2021; Jha & Rodriguez-Lopez, 2021; Macedoni, 2021). In the
monopsonistic model, the small-firm setting implies a constant monopsony power that does not vary across
firms (Jha & Rodriguez-Lopez, 2021), while the big-firm setting implies the opposite (Brooks et al., 2021).
The oligopsonistic model is also a big-firm setting, which generates oligopsony power that is positively
correlated with firm size, but at the expense of losing tractability. Inspired by Fajgelbaum et al. (2011) and
Card et al. (2018), we build a three-tier nested demand structure with a monopsonistic model in a small-firm
setting to characterize firm-level variable monopsony power with good tractability.

The remainder of the paper proceeds as follows. Section 2 presents the theoretically analysis. Section 3
provides background information on the Chinese labor market. Section 4 offers an overview of the data, the
background of China’s WTO accession, and the estimation strategy for the key variables in our regressions.
Section 5 presents the empirical specification and results. Section 6 concludes.

2 Theoretical Analysis

2.1 Theoretical Model

When firms compete with each other in an imperfectly competitive labor market, they are no longer
price takers in the labor market but have wage-setting power, that is, monopsony power. In this section, we
build a model to introduce heterogeneous monopsony power and characterize its impact on firms’ behavior
and the aggregate economy. The economy is populated by L units of consumers-workers. Each consumer
is endowed with one unit of labor, and the supply of labor is inelastic.
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2.1.1 Consumer Preferences and Labor Supply

The indirect utility of consumer i working in manufacturing industry s, firm j, and occupation o is

uisjo = ln(wsjo) + ϵisjo (1)

where wsjo denotes wages. The idiosyncratic additive term, ϵisjo, captures the other attributes of the job
(such as relationships with colleagues), which consumers evaluate differently. The error term, ϵ, is assumed
to be distributed independently across consumers according to a generalized extreme value distribution, G(ϵ)

Gϵ(ϵ) = exp

−

∑
s∈S

∑
j∈Ms

∑
o∈Mj

exp (−ϵsjo/θj)

θj/θs

θs/θ

θ (2)

with θs ∈ (0, 1) for all s ∈ S and θj ∈ (0, 1) for all j ∈ Ms and θ > 0, where S indexes the finite
set of industries; and Ms and Mj denote the total number of firms in industry s and the total number of
occupations in firm j, respectively. Consumers choose the industry, firm, and occupation in sequence, to
obtain the highest utility. The probability of consumer i working in occupation o, firm j, and industry s is

Pr( argmax
s∈S,j∈Ms,o∈Mj

uisjo = s, j, o) = ηo|j · ηj|s · ηs, ∀o ∈Mj, j ∈Ms, s ∈ S (3)

where ηo|j , ηj|s, and ηs are the probability of consumer i choosing to work in occupation o conditional on
working in firm j, the probability of consumer i choosing to work in firm j conditional on working in
industry s, and the probability of consumer i choosing to work in industry s, respectively.

As a result, the probability of consumer i choosing to work in occupation o, firm j, and industry s is

Pr( argmax
s∈S,j∈Ms,o∈Mj

uisjo = s, j, o) = λsje
ln(wsjo)/θj (4)

where λsj = ηsηj|s
1∑

k∈Mj
e
ln(wsjk)/θj

, λsj is common to all occupations within industry s and firm j. The

labor supply curve for each occupation is derived by multiplying the probability and total labor supply

lsjo = (Lλsj)e
ln(wsjo)/θj (5)

Equation (5) shows that for each occupation, firms face an upward-sloping labor supply curve. Following
Manning (2003a), we use markdown ψ to measure firms’ monopsony power, defined as the ratio of the
MRPL to the wage. Using the labor supply function in equation (5), the occupation-level markdown is

ψsjo = 1 +
∂wsjo
∂lsjo

lsjo
wsjo

= 1 + θj = ψsj (6)
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Equation (6) implies that the markdown is variable across firms but constant within firms. As noted
by Fajgelbaum et al. (2011), θj is known as the dissimilarity parameter, which measures the degree of het-
erogeneity in workers’ preferences for different occupations provided by individual firm j. Consequently,
equation (6) shows that greater heterogeneity in preferences for different occupations within a firm gives
the firm greater monopsony power. The intuition is that, from the perspective of the worker, the per-
ceived heterogeneity in the nonpecuniary rewards of different occupations within the firm increases with
θj . Workers are more likely to apply for the occupation with the highest value of ϵsjo, which in turn gives
firms greater monopsony power over each occupation. On the other hand, from the perspective of firms,
Booth et al. (2000) emphasize that worker heterogeneity affects the tasks that firms conduct. Firms with
more heterogeneous occupations conduct more complex tasks and avoid fierce competition; thus, they have
greater monopsony power over their workers. Fox (2010) stresses that firms should only hire workers who
have a great nonpecuniary desire to work and then compress the wage below their MRPL to achieve higher
profits. Workers’ idiosyncratic preferences are unobservable for firms, but when workers choose a specific
occupation, their preferences are revealed. Hence, firms have an incentive to expand the scope of occupations
to take advantage of workers’ heterogeneous preferences and compress wages to the largest extent.⁸

2.1.2 Production

The final product Q is produced by a representative firm in the competitive final goods market. This
firm combines the output Qs of S manufacturing industries using Cobb-Douglas production technology

Q =
S∏
s=1

Qαs
s ,where αs ∈ (0, 1), ∀s ∈ S,

S∑
s=1

αs = 1 (7)

Cost minimization implies that PsQs = αsPQ (∀s ∈ S). We make the final product Q the numeraire,
and thus P ≡ 1. Furthermore, within each industry s, there exists a number of firms, denoted byMs.⁹ Each
firm produces a variety, and varieties are combined to yield the industry-level output, according to a constant
elasticity of substitution aggregation

Qs = (
∑
j∈Ms

qρssj )
1
ρs , ρs ∈ (0, 1) (8)

where ρs governs the elasticity of substitution between different varieties that vary across industries. Finally,
we assume a Cobb-Douglas production function for each firm within the industry

qsj = φsjm
βs
sj l

1−βs
sj ,where βs ∈ (0, 1) (9)

⁸A similar story exists in the product market. Macedoni et al. (2020) show that in a model with heterogeneous consumers,
consumer heterogeneity increases markups and makes markups differ across products.

⁹The firm dynamic is shut down here, and henceMs is exogenously given.
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where φsj is the Hicks-neutral TFP. The variablemsj denotes other production factors, such as intermediate
inputs. For convenience, we assume that firms imported all intermediate input from abroad. The variable
lsj indexes the composite labor, which is combined according to Cobb-Douglas aggregation by assumption

lsj =

Mj∏
o=1

(lsjo)
γo ,where γo ∈ (0, 1), ∀o ∈Mj,

Mj∑
o=1

γo = 1 (10)

The labor structure implies that firm-level markdown is the Cobb-Douglas aggregation of occupation-
level markdowns, which is in line with equation (6)

ψsj =

Mj∏
o=1

(ψsjo)
γo =

Mj∏
o=1

(1 + θj)
γo = (1 + θj)

∑Mj
o=1 γo = 1 + θj = ψsjo (11)

2.1.3 Misallocation and Efficiency Loss

We can express aggregate output as a function of ls, ms, and industry-level TFP:

Q =
S∏
s=1

Qs
αs =

S∏
s=1

(
TFPsms

βsls
1−βs

)αs

(12)

As a result, we can express industry-level TFP as follows:

TFPs =
Qs

ms
βsls

1−βs (13)

Following the derivation of Hsieh & Klenow (2009), industry-level TFP is given by:

TFPs =
[ ∑
j∈Ms

φsj
ρs

1−ρs

(MRPLs
MRPLsj

) (1−βs)ρs
1−ρs

] 1−ρs
ρs

(14)

Equation (14) reveals that industry-level TFP is homogeneous of degree zero in monopsony power. The
average level of monopsony power has no impact on industry-level TFP.

Following Hsieh & Klenow (2009), we assume that φsj, ψsj , and wsj are jointly log-normally dis-
tributed.¹⁰ The following is a simple closed-form expression for industry-level aggregate TFP:¹¹

log TFPs = log
( ∑
j∈Ms

φsj
ρs

1−ρs

) 1−ρs
ρs − Γ1svar logψsj (15)

¹⁰Firm-level wage is the Cobb-Douglas aggregation of occupation-level wage, wsj =
∏Mj

o=1

(
wsjo

γo

)γo

= 1
γo

(
1

Lλsj

)θj
lsj

θj

¹¹For the details on the derivation, please refer to Appendix D.
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where:
Γ1s =

(βsρs − 1)(βs − 1)

2(1− ρs)
> 0

The negative effect of monopsony power on industry-level TFP can be summarized as the variance of log
markdown.¹² The heterogeneity of firms’ markdowns incurs an efficiency loss. Our results complement those
of Hsieh & Klenow (2009) by endogenizing the distortion. In Hsieh & Klenow (2009), the distortion is
exogenously given, and firms are price takers in the input market. In our model, the distortion is endogenous,
stemming from firms’ heterogeneous monopsony power in the labor market. The intuition is that without
dispersion in firm-level markdown, the allocation of labor across different firms is completely determined by
productivity. In contrast, when we introduce heterogeneous monopsony power across firms, the allocation
of the factors of production is not only determined by productivity, but also distorted by firms’ monopsony
power, which gives rise to misallocation and loss of production efficiency.

Proposition 1. Firms’ heterogeneous monopsony power induces an intra-industry misallocation and results in a
TFP loss. The variance in log markdown serves as a sufficient statistic of the negative impact of the heterogeneity of
firms’ monopsony power on total productivity.

2.1.4 Impact of Trade Policy

Trade policy is modeled by the output tariff τ and input tariff t. The firm’s profit maximization problem
can be expressed alternatively as the following:

max
msj ,lsj

τpsj(qsj)qsj − wsj(lsj)lsj − twmmsj (16)

where t > 1 is the input tariff, and τ > 1 is the output tariff. Following the same algebra, we can infer that:

var logψsj = α1lnt+ α2lnτ +
1

Γ1s

log
( ∑
j∈Ms

φsj
ρs

1−ρs

) 1−ρs
ρs − 1

Γ1s

log TFPs (17)

where α1 =
1

Γ1s

βs
1−ρs > 0, which implies that input tariff reduction is associated with a decrease in markdown

heterogeneity within the industry, while α2 = −1
Γ1s

1
1−ρs < 0, which implies that output tariff reduction is

associated with an increase in markdown heterogeneity within the industry.

Proposition 2. Input trade liberalization is associated with a reduction in the heterogeneity of firms’ labor market
power, and output trade liberalization is associated with an increase in the heterogeneity of firms’ labor market
power.

¹²Since the industrial outputs combine with each other according to a Cobb-Douglas aggregation, log TFP is the weighted
average of log TFPs, i.e., log TFP =

∑S
s=1 αs log TFPs. Hence, proposition 1 applies to national-level productivity as well.
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2.2 Conceptual Framework

The model has limitations in explaining the heterogeneous impact of trade liberalization on firms’ labor
market power per se. However, the burgeoning research on trade and labor market power offers valuable
insights. This section delineates the possible channels through which trade liberalization can differentially
affect firms’ labor market power, drawing on established literature to supplement our analysis.

This subsection is mainly based on Kondo et al. (2023) and Pham (2023). Kondo et al. (2023) propose
a model in which firms’ labor market power is endogenously determined by the response of the firm-level
and the aggregate labor supply elasticity to the input tariff reduction. When the intermediate input price
decreases due to an input tariff reduction and increase in the supply of labor is sufficient, the number of
operating firms increases and, consequently, their labor market power decreases. Pham (2023) emphasizes
the extensive margin of firm entry and exit as the main channel. Output tariff reduction intensifies product
market competition, reduces firms’ profits, and induces exit, while input tariff reduction lowers production
costs, makes more firms profitable enough to cover the fixed costs, and induces entry.¹³

Another way in which trade liberalization impacts firms’ labor market power is by changing firms’ la-
bor composition in terms of skilled labor and unskilled labor. In China, skilled labor is more exposed to
exploitation by firms, compared to unskilled labor, which is consistent with the literature (Fan et al., 2020;
Kondo et al., 2023). Pham (2023) also shows that industries with larger high-skill employment ratios are
associated with larger markdowns in the labor market. Using ASIF data from 2004 with additional informa-
tion on workers’ education backgrounds, the firm-level regression results in Table B.2 in Appendix B also
confirm that a higher skilled labor ratio is correlated with higher markdown in the labor market.¹⁴ Table
B.2 in Appendix B shows that input tariff liberalization is associated with less use of skilled labor and hence
a reduction in firms’ markdowns while output tariff liberalization does the opposite.

In terms of heterogeneous impacts, Pham (2023) emphasizes that the impact of input trade liberalization
on individual firms’ labor demand relies on firms’ input factor ratio, that is, the usage of intermediate inputs
relative to other production factors.¹⁵ Firms that use intermediate inputs intensively enjoy a greater cost-
saving effect due to input tariff reduction. Moreover, they will use relatively more intermediate inputs during
expansionary periods due to the increasing marginal cost of labor stemming from a steeper upward-sloping
labor supply curve. As a result, the employment share of these firms in the local labor market decreases,

¹³Moreover, Macedoni & Tyazhelnikov (2024) highlight the interplay between firms’ labor market power and product market
power and suggest that intermediate input market integration will reduce firms’ oligopsony power, induce exit, and increase the
oligopoly power of the remaining firms. The opposite directions of market power response in the product market and labor market
are well founded in the literature (Damoah, 2021; Pham, 2023).

¹⁴Beyond China, Lee (2020) estimates the labor supply elasticity for Brazil, Canada, India, Mexico and the United States and
finds that better-educated workers tend to have lower labor supply elasticities and are more exposed to the monopsony power.
Kusaka (2023) uses data on manufacturing firms in Colombia and finds that high-skilled labor is more exposed to monopsony
power.

¹⁵Appendix C presents the firm-level equilibrium analysis and finds that firms with greater labor market power will use
relatively more intermediate inputs than other factors. Table B.3 in Appendix B confirms the positive relationship between firms’
intermediate input-labor ratio and markdowns within firms and across firms within the same local labor market.
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leading to a reduction in firms’ labor market power.
In conclusion, the theoretical analysis demonstrates that input tariff reduction is associated with a de-

crease in firms’ labor market power, while output tariff reduction has the opposite effect. Firm’s dynamics
and production structure serve as important mechanisms underlying these effects.

3 Institutional Background of the Chinese Labor Market

Since the reform and opening up in 1978, China has gradually shifted from a centrally planned economy
under administrative directives to a decentralized, market-based economy, which has brought structural
change to many facets of the country’s economy and society. The prominent features of the structural
change include but are not limited to migration from rural area to the urban areas, privatization of the state
sector, and development of the trade union and labor protection regulatory framework (Lee et al., 2009; Yao
& Zhong, 2013), in addition to the trade liberalization, which is the focus of this paper.

To provide a full picture of the Chinese labor market, several aspects require special attention and are
discussed in detail. Overall, labor mobility is restricted, labor protection is weak, and labor unions is kind
of symbolic. These aspects all allow space for firms’ labor market power, which serves as the foundation for
evaluating the impact of trade liberalization on the level and distribution of firms’ labor market power.

3.1 Development of Trade Unions

Along with the structural change in China during the period of opening up, income inequality became
more severe and raised social problems. Meanwhile, the unbalanced bargaining power between employers
and workers, due to weak labor protection institutions and regulations, became a substantial challenge to
economic development and social stability. Figure 1 shows that during our sample period, there was a steady
increase in the number of labor dispute cases accepted by labor dispute arbitration committees.

Figure 1: Labor Dispute Cases and Union Membership, 1998-2007
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To mitigate the labor disputes, reduce strikes and social unrest, and control unionization, the goal of
“building a harmonious society” was proposed, and trade unions played an important role in harmonizing
industrial relations. With support from the government and led by the All-China Federation of Trade
Unions, there was a drastic expansion of trade union membership, as shown in Figure 1.¹⁶

Compared with trade unions in other countries, the trade unions in China have two particular character-
istics. (1) Unions have multiple purposes and functions, including maintaining social stability, helping with
corporate management and governance, protecting workers’ rights, bargaining with employers, mitigating
labor disputes, providing financial support to workers in difficulty, and providing entertainment. (2) There
are differences among the unions in terms of their dependence on the state, independence from employers
and management, and bargaining power, which result in different organizational forms and functions.

Since the unions differ from each other a lot, the effects of unions in China are mixed. Several surveys
reveal that workers’ satisfaction with trade unions is very low (Liu, 2010), although some papers find that
the trade unions help in promoting workers’ interests (Ge, 2014; Lu et al., 2010; Yao & Zhong, 2013).

The ASIF data from 2004 provides information on the unions. Table 1 supports the view that union
involvement can suppress firms’ labor market power. However, only 45% of firms have a union, and the
union’s average expenditure is fairly low.

Table 1: Impact of Unions on Firms’ Markdowns
Dependent Variables
ln(Markdown) (1) (2) (3)
Union Status -0.350***

(0.013)
Union Ratio -0.339***

(0.018)
Ln(Union Expenditure) -0.135***

(0.005)
Control Yes Yes Yes
CIC-4 FE Yes Yes Yes
Province FE Yes Yes Yes
Observations 241,587 237,413 239,558
Adjusted R2 0.474 0.473 0.494

Note: Robust standard errors clustered at the CIC 2-digit level are in parentheses. ***, **, * denote significance at the 1%, 5%,
10% levels. The control variables include total factor productivity (in log), total output (in log), capital-labor ratio (in log), and
wage per capita (in log). Union Status takes the value of one if the firm has a union and zero if the opposite. Union Ratio is
measured by the share of workers involved in the union.

In sum, the trade unions in China depend on the government politically and on the firms financially. The
unions serve as an intermediate buffer between the government, workers, and firms, which has varying, overall

¹⁶The drop of union members in 2003 was due to a change in statistical caliberation. As a result, the number of workers in
unions increased during our sample period.
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effective but limited effects in protecting workers’ interests. The role of trade unions is kind of symbolic
and weak, which provides space for firms to exert labor market power and alleviates the endogeneity concern
about tariffs, stemming from the “protection for sale” literature (Chen et al., 2017).¹⁷

3.2 Development of the Framework for Labor Protection Regulation

To meet the goals of “building a harmonious society” and “pursuing progress in law-based governance,” several
laws and regulations were issued to balance the bargaining power between employers and employees.

Table 2: Relevant Laws and Regulations on Labor Relations
Classification Document Name Effective Date Issuing Authority

Trade Union
Notice of The General Office of the State Council on In-depth Implementation
of the Trade Union Law and Support for Trade Union Work

2004/12/15 GOSC

Trade Union Law of the People’s Republic of China (2001 Amendment) 2001/10/27 SCNPC
The Trade Union Law of the People’s Republic of China 1992/4/3 NPC

Collective Bargaining/Contract

Opinions of MLSS, ACFTU, CEC and CEDA on Carrying out Regional In-
dustrial Collective Consultation Work

2006/8/17 MLSS ACFTU CEC CEDA

Notice of theMLSS and ACFTU on Further Promoting CollectiveWage Con-
sultation

2005/2/6 MLSS ACFTU

Notice of the MLSS, ACFTU, CEC and CEDA on Implementing the Provi-
sions on Collective Contracts

2004/9/23 MLSS ACFTU CEC CEDA

Provisions on Collective Contracts 2004/5/1 MLSS
Notice of the MLSS and Other Four departments on Further Implementing
the System of Equal Consultation and Collective Contract

2001/11/14 MLSS

Trial Measures for Collective Wage Negotiation 2000/11/8 MLSS

Labor Disputes

Several Opinions of the ACFTU on Further Strengthening the Mediation of
Labor Disputes

2007/6/11 ACFTU

Notice of the MLSS, ACFTU, CEC and CEDA on Further Strengthening the
Mediation of Labor Disputes

2005/8/4 MLSS ACFTU CEC CEDA

Notice of the MLSS on Further Strengthening the Handling of Labor Dis-
putes

2001/11/14 MLSS

Interpretation of the SPC on Several Issues Concerning the Application of
Law in the Trial of Labor Dispute Cases

2001/4/16 SPC

Minimum Wage
Guideline of the General Office of the ACFTU on Promoting the Increase and
Implementation of Minimum Wage Standards

2006/5/19 ACFTU

Provisions on Minimum Wages 2004/1/20 MLSS

Note: The contents of the table are summarized at https://www.pkulaw.com, which contains rich information on the official
legal documents. ACFTU = All-China Federation of Trade Unions; CEC = China Enterprise Confederation; CEDA = China
Enterprise Directors Association; GOSC = General Office of the State Council; MLSS = Ministry of Labour and Social Security;
NPC = National People’s Congress; SCNPC = Standing Committee of the National People’s Congress; SPC = The Supreme
People’s Court.

¹⁷Table B.1 compares the mean values of input and output tariffs between industries with high union coverage and low union
coverage, using the 2004 ASIF data. The results show that there is no significant difference in tariffs between industries in
which trade unions play a larger role and those with less union enrollment. This comparison shows that there are no significant
differences in tariff levels based on union coverage, ensuring that our empirical results are not biased by the impact of trade unions.
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Table 2 summarizes the relevant labor relation laws and regulations proposed around our sample period,
covering trade unions, collective bargaining (wage negotiation), collective contracts, labor dispute mediation,
and the minimum wage. Despite the increasing number of pro-labor laws and regulations, the contents
covered in the regulations are somewhat vague or the standard is too low; therefore, they fail to add many
additional or enough benefits for workers (Lee et al., 2009; Liu, 2010).¹⁸

3.3 Rural-Urban Migration

The structure of the rural-urban dichotomy is a prominent characteristic of the Chinese economy. The
rural-urban separation is due to the enforcement of the household registration system, “hukou”. Job oppor-
tunities, public services, and other social benefits are bounded to people’s “hukou”, which makes migrants
moving from rural to urban areas vulnerable. Compared with native urban residents, migrants: (1) are often
employed in the informal sector or take jobs that urban residents do not want to take; (2) have limited access
to public services and work benefits; and (3) are often unskilled, less educated, and have relatively low levels
of human capital.¹⁹ Brzezinska (2021) finds that relaxation of the geographical labor mobility restriction in
China suppressed firms’ monopsony power over their workers. However, relaxation of the labor mobility
restriction has been sluggish; thus, firms are more powerful compared to their workers.

3.4 Privatization of the State Sector

To cope with the loss-generating state-owned enterprises (SOEs) and prepare for joining the WTO, the
Chinese government introduced the state sector reform in the mid-1990s. According to the National Bureau
of Statistics, China laid off 30 million SOE workers between 1998 and 2005. The SOE reform dramatically
expanded the private sector and fundamentally influenced the labor market. Compared with private firms,
SOEs have three particular characteristics. (1) SOEs take on the role of social responsibility in providing
public services such as hospitals, fire-fighting systems, and education. Specifically, SOEs are responsible for
maintaining employment stability (Bai et al., 2006), which makes them prone to overstaffing, shirking, and

¹⁸Figure B2 shows that the average wage of manufacturing firms in our data is higher than the minimum wage. This indicates
that most firms are not constrained by minimum wage regulations. This reduces the likelihood that our results are influenced
by changes in the minimum wage, thereby alleviating concerns about it being a confounding factor. The ASIF data does not
provide information on the collective bargaining behavior of workers within firms. Fortunately, Zhan et al. (2012) utilize survey
data from firms investigated and provided by the World Bank and the China Center for Economic Research at Peking University
in 2005. They find that collective bargaining in China is not pervasive. The survey examines 1,268 firms in Beijing, Changchun,
Dandong, Hangzhou, and other cities in China, primarily focusing on manufacturing industries. Among these firms, only 346
have collective wage agreements, accounting for just 27.3% of the firms. Considering that 2005 is near the end of our sample
period and collective bargaining is on the rise, we can infer that the prevalence of collective bargaining was quite limited around
the time of WTO accession. More importantly, Zhan et al. (2012) find that collective bargaining has no significant effect on
improving wages for workers or managers. The only significant positive effects are observed in high-wage state-owned enterprises
(SOEs). In our regression analysis, we also control for SOE reform. Consequently, our empirical results are not threatened by
the influence of collective bargaining.

¹⁹Meng (2012) provides a detailed description of and statistics on the characteristics of migrants.
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being less productive. (2) SOEs have limited autonomy in the labor market. Lifetime jobs are assigned to
workers. Firms are not allowed to hire and fire, and wages are determined based on administration instead
of market competition (Meng, 2012). (3) SOEs enjoy the market privilege represented by soft budget
constraints through subsidies, taxation, credit, and price regulation. They also have easier access to land,
capital, and production factors other than labor (Chen et al., 2019), which makes them less motivated to
optimize labor demand to make profits.

In sum, compared with SOEs, private firms have greater monopsony power. After the SOEs’ were
privatized, firms were more likely to be solely profit-driven, which resulted in reducing redundant labor and
suppressing wages or wage growth. Dan & Yi (2017)’s work verify this, as they find that SOE reform reduced
workers’ bargaining power, based on data on Chinese manufacturing firms data between 1998 and 2007.

4 Data, Background, and Measurement of Key Variables

4.1 Data and Processing

To quantify the welfare impact associated with labor reallocation after China joined the WTO, we rely on
the following two large panel data sets: tariff data and firm-level production data. Tariff data can be accessed
directly from Brandt et al. (2017), who provide input and output tariffs at the 4-digit level of the China
Industrial Classification (CIC-4).²⁰ The firm-level production data are from the ASIF collected by China’s
National Bureau of Statistics. The ASIF data have been widely used in academic research (Brandt et al., 2012;
Yu, 2015). The ASIF data covers all SOEs and non-SOEs with annual sales greater than RMB 5 million
(US$ 770,000). Complete information on the three major accounting statements (i.e., balance sheet, profit
and loss account, and cash flow statement) is also available. Although the data set contains rich information,
some of the samples are still noisy and therefore misleading (Brandt et al., 2014). Following Ahn et al.
(2011), Cai & Liu (2009), Brandt et al. (2014) and Yu (2015), we omit outliers and trade intermediaries and
only retain manufacturing industry firms. Appendix A shows the details.

4.2 Background: China’s WTO Accession

4.2.1 Import Tariff Reduction and DID Setup

In 1986, China applied to the General Agreement on Tariffs and Trade to restore its status as a contracting
party. After 15 years of long negotiations, China finally rejoined the WTO on December 11, 2001. To join
the WTO, China had to carry out substantial unilateral trade liberalization reforms. Figure 2 shows the
simple averages and 25th and 75th percentiles of the input and output tariffs at the CIC-4 industry level
from 1992 to 2007. From 1992 to 1997, China’s input and output tariffs both showed a downward trend.
The average input tariff fell from 26.9% to 11.4%, and the average output tariff fell from 43.7% to 17.9%.

²⁰Both the input tariff and the output tariff are import tariffs. For illustration convenience, we omit the word “import”.
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From 1997 to 2001, the input and output tariffs remained stable. After joining the WTO in 2001, both
tariffs showed a downward trend, and after 2005, both tariffs remained stable.

Figure 2 also shows that the input tariff is lower than the output tariff, but the gap between the two
has decreased over time. Meanwhile, the reduction in the difference between the 25th percentile and 75th
percentiles over the years indicates that the reduction in the tariffs has been universal across industries, which
could provide evidence of an exogenous source of tariff changes (Pham, 2023).

Figure 2: Evolution of Input and Output Tariffs, 1992-2007 (CIC-4)

Figure 3: Correlation between Tariffs in 2001 and Changes in Tariffs over 2001-2007
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In addition, when China entered the WTO, there was large industry heterogeneity in import tariffs. The
reduction in tariffs after China’s accession to the WTO also showed great heterogeneity. Figure 3 shows the
relationship between the level of input and output tariffs in 2001 and the corresponding changes in tariffs
from 2001 to 2007. Clearly, an industry’s initial tariff level at the time of WTO entry was significantly
positively correlated with its following tariff reduction. This phenomenon holds for both input and output
tariffs. This study uses this feature in a DID empirical method to explore the impact of trade liberalization.

4.2.2 WTO Accession and the Labor Market

China’s accession to the WTO constitutes a relevant and informative case study for several reasons. First,
the accession to the WTO and the corresponding policy and institutional changes were nationwide and
predetermined, and thus exogeneous to individual firms. Together with the stylized facts of tariff reduction
depicted in Figures 2 and 3, WTO accession serves as a natural experiment for the DID setup. Second,
due to the rich heterogeneity in industry compositions of import products and the varying tariff reductions
across products, we can exploit this industrial variation to identify the impact of trade liberalization on
firms’ heterogeneity in monopsony power within industries. Third, during the period of China’s WTO
accession, the labor protection in China was weak and underdeveloped. Combined with regional labor
mobility restrictions imposed by the “hukou” system, firms had significant monopsony power over their
employees.

China’s accession to the WTO has had far-reaching impacts on the Chinese labor market, and it has been
the subject of lot of attention in the literature. Researchers have studied the effects of China’s WTO accession
on labor market outcomes in terms of employment (Han et al., 2022; Rodriguez-Lopez & Yu, 2024), wages
(Dai et al., 2020; Han et al., 2012), education (Lin & Long, 2020), migration and migration institutions
(Facchini et al., 2019; Tian, 2024), workers’ health, (Fan et al., 2020) and career choice (Xu, 2020). The
impacts on the labor market has not been uniform. Instead, they have exhibited various distributional effects
in terms of initial labor market conditions (Dai et al., 2020), skill level (Fan et al., 2020; Fan, 2019; Han
et al., 2012), and gender (Wang et al., 2020). With growing interest in imperfect competition in the labor
market, there is mounting empirical evidence of the impact of WTO accession’s impact on firms’ monopsony
power (Kondo et al., 2023; MacKenzie, 2021; Pham, 2023). However, the effect of trade liberalization on
the heterogeneity of firms’ monopsony power has been unexplored. Our paper aims to fill this gap.
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4.3 Measurement of Key Variables

4.3.1 Markdowns

Firms’ monopsony power is measured using markdowns, which are the ratio of the MRPL to wages.
Our methods for estimating markdowns follows the work of Yeh et al. (2022) and Brooks et al. (2021).²¹ By
constructing a structural model with monopolistic competition in the product market and monopsonistic
competition in the input market, the key point of their paper can be summarized as follows:

µDLWm = µ× ψm (18)

where µDLWm is the markup formula from De Loecker &Warzynski (2012) (DLW). The subscriptm denotes
different inputs, such as capital (K), labor (L) and the intermediate input (M ). The variable µ represents
the firm’s markup in the product market. The variable ψm represents the firms markdown in the input
marketm. Equation (18) shows that when the input market is not perfectly competitive, the DLW formula
markup is the product of the true markup and the input-specific markdown. Since µ does not vary with the
inputs, we can take the ratio of equation (18) for different inputs to eliminate µ, that is:

µDLWm

µDLWm′
=
ψm
ψm′

(19)

Yeh et al. (2022) further assume that there exists a factor (empirically, we use the intermediate input) for
which all firms are price takers,²² that is, ψM ≡ 1. With this assumption and focusing on the labor market,
equation (19) can be further expressed as follows:

µDLWL

µDLWM

=
ψL × µ

ψM × µ
= ψL

Equation (19) is at the core of our methodology for estimating the markdown. It shows that the labor
markdown can be obtained by dividing the two DLW markups. We estimate the DLW formula markup
according to DLW, which is:

µDLWm =
θm
αm

(20)

where θm refers to the output elasticity of inputm, which can be obtained by production function estimation,
and αm denotes the firm-specific expenditure share of input m, which is directly observable in the data.²³
We adopt the control function approach to estimate the gross production function. We use Ackerberg

²¹Caselli et al. (2021) and Morlacco (2019) apply a similar algorithm. Moreover, our model is consistent with Yeh et al. (2022),
and their algorithm can be directly applied to our estimation.

²²Appendix E provides a detailed discussion to validate the assumption of using intermediate input as the flexible input.
²³Since we can not observe quantity in the ASIF database, we adjust the factor share by using the exponential of the first-stage

regression residual from the production function estimation, according to DLW.
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et al. (2015) (ACF) method as the baseline for the empirical analysis since it has been widely accepted in
influential research. Moreover, Gandhi et al. (2020) (GNR) point out that the estimations of the gross output
production function and the value-added production function are not interchangeable theoretically. The
former method may confront a lack of identification when estimating the output elasticity of intermediate
input. Nevertheless, Gandhi et al. (2020) identify the output elasticity of the intermediate input by using
the cross-equation constraint between the production function and the first-order condition with respect
to the intermediate input. This allows the output elasticity of the input to differ across firms within the
same industry. Therefore, we draw from Gandhi et al. (2020) and DLW to estimate the markdown for a
robustness check. We also use other production function estimation methods (Levinsohn & Petrin, 2003)
(LP) to estimate the markup and markdown as additional robustness checks since they differ from each other
in the timing assumption of labor determination.²⁴

4.3.2 Input and Output Tariffs

The output tariff is obtained by aggregating the Harmonized System (HS) 8-digit-level product tariff by
using the correspondence table between the CIC code and the HS code, which is the following:

OutputTariffst = (
∑
p∈s

τpt)/nst (21)

where s and p denote industry (CIC-4) and product (HS-8), respectively; t denotes year; τ denotes product
tariff; and ns refers to the total number of products in industry s. The aggregation is an unweighted average,
to avoid bias caused by the negative correlation between the trade volume and tariff (Amiti & Konings, 2007;
Brandt et al., 2017). Then, following Amiti & Konings (2007), input tariffs are a weighted average of output
tariffs, with the weights given by the input share from the 2002 Chinese Input-Output Table.

InputTariffst =
∑
s′

w2002
s′s × OutputTariffs′t,where w

2002
s′s =

input2002s′s∑
s′′ input2002s′′s

(22)

4.4 Level of Labor Market Power in China

Table 3 presents the summary statistics for the important variables used in our data analysis. The average
value of the markdown is 1.52, which means that workers only capture 65.8% of their contribution to the
revenue.²⁵ The median value of the estimated markdown is 0.94, indicating that the distribution of the
markdown is skewed to the right, which is also in concert with Pham (2023)’s finding for China and Kusaka

²⁴Appendix B displays the relevant summary statistics and figures for the markdown and the estimated average output elasticity
of different production factors for different industries .

²⁵Yeh et al. (2022) estimate the markdown for the US manufacturing industry and find a value of 1.53, which implies that
workers only earn 65.4% of their contribution. Other work includes Kusaka (2023) on Columbia (1.175, 85.1%), Amodio &
Roux (2022) on Colombia (1.4, 71.4%), Pham (2023) on China (2.14, 46.7%), and Hoang et al. (2022) on Vietnam (2.2, 45.0%).
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(2023)’s finding for Colombia. Table 3 also reveals that intermediate input accounts for a large proportion of
firms’ input, which makes it a more suitable option to serve as a flexible input since there is less measurement
error.

Table 3: Summary Statistics
Mean Median SD

Markup 1.12 1.1 0.17
Markdown 1.52 0.9 1.85
Gross Output (Real Value, million RMB) 46.04 17.67 86.74
Value Added (Real Value, million RMB) 14.21 5.05 28.88
Intermediate Input (Real Value, million RMB) 32.66 12.62 58.98
Capital (Real Value, million RMB) 15.64 4.42 33.8
Employment 216.62 110 307.84
Number of the Observations 1,913,440

Note: The sample is winsorized at 3 percent on both sides of the variables, by CIC-2-digit industry and year.

Figure 4 displays the evolution of the average markdown over our sample period. There is an overall
upward-sloping trend of markdown, which implies that employers have incremental labor market power over
workers. This is in line with the downward-sloping labor income share and upward-sloping average working
hours as shown in Appendix B, Figure B1.

Figure 4: Evolution of the Average Markdown, 1998-2007
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Figure 5: Estimated Markdowns for CIC-2 Industries

Figure 5 presents the mean markdowns at the CIC-2 industry level. The average markdowns range from
0.42 to 4.03, with a mean value of 1.54. There is significant heterogeneity in average markdowns across
CIC-2 industries. The industries with the highest markdowns are non-ferrous metals, communications and
computers, and food from agricultural products. Conversely, the industries with the lowest markdowns are
printing and recording media, beverages, and wood products. Appendix B, Figure B3 shows the correlation
pattern between labor market power and several observed CIC-2 industry-level attributes. Firms in capital-
intensive, male worker-intensive, and skilled labor-intensive industries tend to have greater labor market
power over their workers. This observation is broadly consistent with recent findings in the literature. For
instance, Rubens et al. (2024) demonstrate that firms in the non-ferrous metals and mining industries wield
significant bargaining power due to the concentration of young, male, and migrant workers. Similarly,
Pham (2023) highlights that firms in female-intensive industries, such as textiles, leather, and printing and
recording media, exhibit lower labor market power. Conversely, firms in skilled labor-intensive industries,
such as communications and computers, pharmaceuticals, and measuring instruments, have higher labor
market power. Furthermore, the lower left panel of Figure B3 shows that industry-level labor market power
decreases with increased union coverage, which may explain the lower labor market power in the beverage,
printing, and recording media industries.
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5 Impact of Trade Liberalization on Labor Market Power

5.1 Level Effect

To maintain consistency and comparability, we investigate the impact of trade liberalization on firms’
markdowns following Kondo et al. (2023) and Pham (2023):

ln(ψit) = α0 + α1InputTariffst + α2OutputTariffst + X ′
itη + λi + λct + ϵit (23)

where i, t and c denote firm, year, and city, respectively. The vector of controls, Xit, includes the log of
total output, the capital-labor ratio, the average wage, and one-period lagged log markups; λi denotes firm
fixed effects; and λct denotes city-year fixed effects.²⁶ Standard errors are clustered at the CIC-2 industry
level. Consistent with the findings of Kondo et al. (2023) and Pham (2023), Table 4 shows that input trade
liberalization reduces firms’ labor market power while output trade liberalization has no significant effect.

Table 4: Effect of Trade Liberalization on the Markdown
Dependent Variables
ln(Markdown) (1) (2) (3) (4)
Input Tariff 2.070*** 2.418***

(0.632) (0.667)
Output Tariff -0.211

(0.133)
Input Tarifft−1 2.219*** 2.498***

(0.611) (0.673)
Output Tarifft−1 -0.171

(0.129)
Control Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
City-Year FE Yes Yes Yes Yes
Observations 1,286,840 1,286,840 1,286,840 1,286,840
Adjusted R2 0.885 0.885 0.885 0.885

Note: Robust standard errors clustered at the CIC-2 level are in parentheses. ***, **, * denote significance at the 1%, 5%, 10%
levels. The control variables include the total output, the capital-labor ratio, the average wage and one-period lagged markups.
These variables all enter the regression in natural logs.

Motivated by our model and Pham (2023), we next investigate the heterogeneous impact of input trade
liberalization from the perspective of firms’ initial intermediate input intensity following equation (24):

ln(ψit) = α0 + (α1InputTariffst + α2OutputTariffst)× ln(M/L)t0 + X ′
itη + X ′

stγ + λi + λct + ϵit (24)

²⁶City-year fixed effects help to control the effect of the labor market development. For instance, the minimum wage standards
are established through negotiations among provincial, city, and county governments, with most variations occurring at the city
level (Mayneris et al., 2018). Similarly, reforms in labor mobility restrictions also take place at the city level (Brzezinska, 2021).
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where the vector of controls, Xit, remains the same and the vector of controls Xst at the CIC-4 level includes
input and output tariffs. Table 5 presents the results. The positive coefficients of the interaction terms
between input tariff and firms’ initial intermediate input-labor ratio suggest that the impact of input trade
liberalization on reducing firms’ labor market power is more significant for intermediate-input intensive
firms.

Table 5: Adjustment Effect of Firms’ Initial Intermediate Input-Labor Ratio
Dependent Variables
ln(Markdown) (1) (2) (3) (4)
Input Tariff × ln(M/L)t0 2.069*** 2.127***

(0.289) (0.398)
Output Tariff × ln(M/L)t0 -0.027

(0.079)
Input Tarifft−1× ln(M/L)t0 1.959*** 1.984***

(0.274) (0.358)
Output Tarifft−1× ln(M/L)t0 -0.008

(0.060)
Control Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
City-Year FE Yes Yes Yes Yes
Observations 1,285,306 1,285,306 1,285,306 1,285,306
Adjusted R2 0.887 0.887 0.887 0.887

Note: Robust standard errors clustered at the CIC-2 level are in parentheses. ***, **, * denote significance at the 1%, 5%, 10%
levels. The firm-level control variables include the total output, capital-labor ratio, average wage, and one-period lagged markups.
These variables all enter the regression in natural logs. The CIC-4-level controls variables include input and output tariffs.

As pointed out by Macedoni & Tyazhelnikov (2024), firms’ markup over the unit costs of production
(i.e., overall market power) is composed of both the markups in the product market and the markdown
in the input market. When trade liberalization decreases the market power in one market, it will increase
the market power in the other market. Trottner (2023) also emphasizes the interplay between markups and
markdowns. He suggests that monopsony might magnify or entirely undo any pro-competitive effects of
market integration on markdowns and markups. Motivated by these theoretical considerations, we further
analyze the impact of trade liberalization on firms’ markups and overall market power (i.e., both markup and
markdown).
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Table 6: Effect of Trade Liberalization on Markups and Combined Market Power
Dependent Variables Panel A
ln(Markup) (1) (2) (3) (4)
Input Tariff -0.505** -0.440**

(0.228) (0.204)
Output Tariff -0.040

(0.044)
Input Tarifft−1 -0.426* -0.399*

(0.237) (0.216)
Output Tarifft−1 -0.017

(0.036)
Observations 1,786,211 1,786,211 1,654,800 1,654,800
Adjusted R2 0.390 0.390 0.393 0.393
Dependent Variables Panel B
ln(Market Power) (1) (2) (3) (4)
Input Tariff 1.538** 1.960***

(0.674) (0.667)
Output Tariff -0.257**

(0.123)
Input Tarifft−1 1.740** 2.060***

(0.695) (0.716)
Output Tarifft−1 -0.199

(0.128)
Observations 1,786,211 1,786,211 1,654,800 1,654,800
Adjusted R2 0.845 0.845 0.849 0.849
Control Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
City-Year FE Yes Yes Yes Yes

Note: Robust standard errors clustered at the CIC-2 level are in parentheses. ***, **, * denote significance at the 1%, 5%, 10%
levels. The control variables include the total output, capital-labor ratio, and average wage. These variables all enter the regression
in natural logs.

Table 6 presents the result. Consistent with Brandt et al. (2017) and Fan et al. (2018), panel A shows
that input trade liberalization increases firms’ product market power, while output trade liberalization has
no significant effect. Overall, panel B shows that input trade liberalization reduces firms’ aggregate market
power, which suggests that the “pro-competitive” effect of input trade liberalization on the labor market
outweighs the “anti-competitive” effect of input trade liberalization on the product market.

5.2 Distribution Effect

As Figure 3 indicates, the initial levels of input and output tariffs in 2001 are positively correlated with
the magnitude of the tariff reduction over 2001-2007. As a result, we can use the DID method to explore
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the impact of trade liberalization. The initial levels of the input and output tariffs act as group variables,
and industries with a high initial tariff (treatment group) experience a larger extent of tariff reduction, while
industries with a low initial tariff (control group) experience a smaller extent of tariff reduction. Guided by
our model prediction in equation (17), the empirical specification is defined as follows:

var logψst = β0 + (β1InputTariff2001s + β2OutputTariff2001s ) · Post02t + X ′
stγ + λs + λt + ϵst (25)

where s and t denote industry (CIC-4) and year, respectively, and var logψst refers to the variance of log
markdown.²⁷ Moreover, InputTariff2001s denotes the input tariff at the CIC-4 industry level in 2001, while
OutputTariff2001s denotes the output tariff at the CIC-4 industry level in 2001. Post02t indicates the WTO
accession dummy variable, and it takes the value of one in 2002 and thereafter, otherwise 0. λs is CIC-
4 industry fixed effects. To ensure that our identification is not threatened by macro trends, we further
control year fixed effects, λt. Standard errors are clustered at the CIC-4 industry level. To eliminate the
potential threat of omitted variable bias, we also add control variables at the CIC-4 industry level, denoted
by X ′

st, including the weighted average TFP, mean value of fixed assets and number of firms. The parameters
of interest are β1 and β2. If β1(β2) is positive, it indicates that the input tariff (output tariff ) reduction
increases the variance in log markdown within the industry, and vice versa.

5.2.1 Baseline Results

Table 7 reports the baseline results. In column (1), we only include the regressor of interest, industry,
and year fixed effects. Column (1) indicates that the coefficient of InputTariff2001s · Post02t is statistically
significant and negative. Since the tariff level in 2001 is positively correlated with tariff reduction between
2001 and 2007, the higher the tariff level is in 2001, the larger is the trade liberalization that is realized.
Hence, the results demonstrate that input tariff reduction reduces the variance in log markdown. In contrast,
the coefficient of OutputTariff2001s · Post02t is negative but statistically insignificant, which means that the
reduction in the output tariff has no impact.

In column (2), we take time-varying, industry-level attributes into account. Following Lu & Yu (2015),
we control the mean value of fixed assets and the number of firms in each industry to account for the entry
barrier. The results are robust to these additional controls. The DID specification requires that the tariff
in 2001 be randomly determined. However, this may not be the truth. Following Lu & Yu (2015), we
identify variables that had a significant impact on the tariff in 2001. As shown in Appendix B Tables B.5
and B.6, four determinants stand out: (1) the output share of SOEs, (2) the output share of domestic firms,
(3) export intensity, and (4) the average wage per worker. Taking the interaction terms between the tariff

²⁷There are some negative values for markdowns. If we simply take the log of the markdown per se, the negative values
are dropped, which significantly changes the distribution (and hence the variance) of the markdowns within the manufacturing
industry. In light of this, we adopt a hyperbolic sine transformation, which is: var logψs ≜ var log(ψsj +

√
ψsj

2 + 1).
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determinants and Post02t into account, we show in column (3) that our results still remain.

Table 7: Baseline Results
Dependent variables:
Variance in ln(markdown) (1) (2) (3)
Input Tariff01 × Post02 -0.485*** -0.493*** -0.462***

(0.153) (0.152) (0.140)
Output Tariff01 × Post02 -0.059 -0.057 -0.039

(0.055) (0.054) (0.045)
ln(Weigthed TFP) 0.025*** 0.026*** 0.022***

(0.007) (0.006) (0.006)
ln(TFP_s) -0.058 -0.048 -0.082**

(0.046) (0.045) (0.042)
Average fixed assets (ln) -0.016 -0.015

(0.015) (0.016)
Number of firms (ln) -0.010 -0.002

(0.010) (0.011)
Output share of SOEs01 × Post02 0.095***

(0.028)
Output share of domestic01 × Post02 0.023

(0.040)
Average wage per worker01 -0.064***

(0.019)
Export Intensity01 × Post02 -0.084***

(0.020)
Year FE Yes Yes Yes
CIC-4 FE Yes Yes Yes
Observations 4,040 4,040 4,001
Adjusted R2 0.775 0.776 0.799

Note: Robust standard errors clustered at the CIC-4 level are in parentheses. ***, **, * denote significance at the 1%, 5%, 10%
levels.

5.2.2 Robustness Check

Identifying Assumption. Bajona & Chu (2010) point out that China’s WTO accession protocol not only
imposed requirements on trade policy, but also proposed the requirement that the Chinese government had
to reduce its subsidies to the state-owned sectors. Meanwhile, alongside the WTO accession, China also
experienced SOE reform, relaxation of foreign direct investment, and export expansion (Bai et al., 2006; Li,
2018; Lu et al., 2019). To control for these contemporaneous policy reforms, we take three CIC-4 industry-
level controls into account: the share of SOEs among domestic firms, number of foreign-invested firms and
total exports. The results are reported in column (1) in Table 8. These additional controls leave the main
result unaffected.

In addition, as a placebo test, we investigate the impact of trade liberalization on the variance of log
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markdown in the pre-WTO period (i.e., 1998-2001), following Topalova (2010). As Figure 3 shows, the
reduction of the import tariff during this period was subtle. Hence, it is expected that the coefficients of the
regressor of interest would be insignificant. Column (2) in Table 8 verifies our prediction.

Collapsed DID. There may be concern that the traditional DID estimation may underestimate the
standard error. Following Bertrand et al. (2004), we collapse the panel data into a “pre” and “post” periods,
i.e., one before and one after the WTO accession. The results are shown in Table 8 in column (3), and they
are also in line with our baseline results.

Table 8: Checks on Identifying Assumptions and Collapsed DID
Dependent variables:
Variance in ln(markdown) (1) (2) (3)
Input Tariff01 × Post02 -0.458*** -0.458***

(0.123) (0.127)
Output Tariff01 × Post02 -0.042 -0.056

(0.040) (0.044)
SOE share -0.069*** 0.008

(0.026) (0.049)
FDI (ln) -0.008 0.010

(0.005) (0.007)
Total exports (ln) 0.002 0.003

(0.003) (0.005)
Input Tariff 0.213

(0.233)
Output Tariff -0.140

(0.103)
Year FE Yes Yes Yes
CIC-4 FE Yes Yes Yes
Control Yes Yes Yes
Tariff determinants and Post Yes Yes Yes
Observations 3,771 1,507 790
Adjusted R2 0.848 0.898 0.877

Note: Robust standard errors clustered at the CIC-4 level are in parentheses. ***, **, * denote significance at 1%, 5%, 10% levels.
Each column includes control variables, and the interaction terms between Post02t and tariff determinant.

Variance Calculation Cutoff. Since the variable of interest is the variance of the log value of markdown
and there is huge industry-level heterogeneity in terms of both the tariff reduction and the number and
composition of firms, there may be concern that the lack of a sufficient number of firms may distort the
calculation of variance. In response to this concern, we set different cutoff values for the minimum number
of firms needed when we calculate the variance. The industry-year cell with the number of firms less than
the cutoff is dropped from the sample. Table 9 presents the results, and the columns correspond to different
thresholds. The results show that input tariff reduction is associated with a decrease in the markdown
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heterogeneity, while output tariff reduction has no significant impact. Thus, our results are not affected by
the variance calculation.

Table 9: Variance Calculation Cutoff
Dependent variables:
Variance in ln(markdown) (1) (2) (3)
Input Tariff01 × Post02 -0.432*** -0.384*** -0.290**

(0.119) (0.124) (0.130)
Output Tariff01 × Post02 -0.025 -0.019 -0.023

(0.038) (0.044) (0.044)
Year FE Yes Yes Yes
CIC-4 FE Yes Yes Yes
Observations 3,416 2,926 2,187
Adjusted R2 0.879 0.891 0.901
Cutoff 50 100 200

Note: Robust standard errors clustered at the CIC-4 level are in parentheses. ***, **, * denote significance at 1%, 5%, 10% levels.
Each column includes control variables, and the interaction terms between Post02t and tariff determinant, and total exports, the
share of SOE firms and the number of foreign-invested firms.

Parallel Trends Assumption. A prerequisite for using the DID estimation strategy is that the treatment
and control groups should satisfy the parallel trends assumption before the policy shock. We use the event
study approach to check whether this assumption is satisfied:

var logψst =β0 +
m=2007∑
m=1998

βmInputTariff2001s ·mt +
n=2007∑
n=1998

βnOutputTariff2001s · nt

+ X ′
stγ + λs + λt + ϵst

(26)

where we set the last year before China’s accession to the WTO (i.e., 2001) as the base year; mt and nt are
year dummy variables; and other things are held equal.

Figure 6 exhibits the estimates of βm and βn and the 95% confidence intervals. The estimates of βm and
βn are insignificant between 1998 and 2001, which suggests that there was no ex-ante difference between
the treatment and control groups. Moreover, the impact of input trade liberalization on the variance of log
markdown is negative, and the magnitude is increasing, while output trade liberalization has no significant
effect.
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Figure 6: Dynamic Effects of Trade Liberalization

Alternative Measure of Markdowns. As shown in section 4, the markdown is obtained from production
function estimation. To capture the heterogeneity of firms’ monopsony power, we further use two alternative
production function estimation methods. First, we follow the nonparametric method of estimating the gross
output production function proposed by Gandhi et al. (2020). This method performs better in identifying
the output elasticity of intermediate input and allows output elasticities to vary across firms even within
the same sector. Second, we estimate the translog production function, which also allows varying output
elasticities within sectors as follows:

q̃it = βl l̃it + βkk̃it + βmm̃it + βll l̃
2
it + βkkk̃

2
it + βmmm̃

2
it+

βlk l̃itk̃it + βlml̃itm̃it + βkmk̃itm̃it + βlkml̃itk̃itm̃it + ωit + εit
(27)

where the variables with a tilde refer to the log value. For instance, q̃it denotes the log of the output
of the firm. The variable ωit indicates firm-specific productivity, and εit is an independent and identically
distributed error. Similarly, we estimate the translog production function for each CIC-2 industry separately.
The regression results are displayed in Table 10. All the coefficients show patterns that are consistent with
the baseline analysis.
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Table 10: Alternative Measure of the Markdown
Dependent variables: LP(Translog) ACF(Translog) GNR
Variance in ln(markdown) (1) (2) (3)
Input Tariff01 × Post02 -2.666*** -1.387** -0.351**

(0.934) (0.646) (0.169)
Output Tariff01 × Post02 0.243 -0.216 0.003

(0.265) (0.145) (0.053)
Year FE Yes Yes Yes
CIC-4 FE Yes Yes Yes
Observations 3,876 3,884 3,288
Adjusted R2 0.848 0.868 0.776

Note: Robust standard errors clustered at the CIC-4 level are in parentheses. ***, **, * denote significance at the 1%, 5%, 10%
levels. Each column includes control variables, the interaction terms between Post02t and tariff determinant, other contempora-
neous policy reforms and total exports.

5.2.3 Quantile Regression

To analyze how trade liberalization affects the variance, we investigate the response of the log of the
markdown at different quantiles of the value of log markdown. In particular, we regress p5, p25, p50, p75,
p95, and the mean value of the log of the markdown on the aforementioned regressor. The results are
summarized in Table 11.

Input trade liberalization reduces firms’ monopsony power, and this “pro-competitive” effect can be found
in low quantiles and high quantiles. However, the effect is stronger in high quantiles than low quantiles,
which shifts the distribution to the left and makes the right tail shorter. As a result, the distribution of the
log of the markdown flattens and the variance in log markdown decreases.

Table 11: Quantile Regression
Dependent variables: (1) (2) (3) (4) (5) (6)
Quantile of ln(markdown) Mean p5 p25 p50 p75 p95
Input Tariff01 × Post02 -0.425** -0.105 -0.344*** -0.400** -0.402 -1.147***

(0.170) (0.071) (0.129) (0.179) (0.266) (0.368)
Output Tariff01 × Post02 -0.080 0.018 0.009 -0.093 -0.198** -0.096

(0.066) (0.027) (0.058) (0.074) (0.097) (0.134)
Year FE Yes Yes Yes Yes Yes Yes
CIC-4 FE Yes Yes Yes Yes Yes Yes
Observations 3,771 3,771 3,771 3,771 3,771 3,771
Adjusted R2 0.917 0.751 0.888 0.911 0.892 0.812

Note: Robust standard errors clustered at the CIC-4 level are in parentheses. ***, **, * denote significance at the 1%, 5%, 10%
levels. Each column includes control variables, the interaction terms between Post02t and tariff determinant, other contempora-
neous policy reforms and total exports.

28



5.2.4 Heterogeneity Analysis

In this section, we investigate the heterogeneous impact of trade liberalization on the markdown distri-
bution. First, we divide the firms into incumbents and exits/entrants. Melitz (2003) emphasizes that these
firms differ in productivity. Moreover, the incumbent firms may have greater market power and respond
differently to changes in trade costs compared with the exits/entrants (Arkolakis et al., 2019). The first two
columns in Table 12 exhibit the results. The effect of tariff reduction is remarkably large for incumbent
firms. Second, we divide the firms into SOEs and non-SOEs. SOEs do not aim for profit maximization;
instead, they undertake the responsibility of stabilizing employment (Bai et al., 2006), and their autonomy
in determining employment and wages is limited. The SOEs have priority over access to capital, land, and
other production factors (Chen et al., 2019), which might reduce their incentive to increase profits by con-
trolling wages and employment. Columns (3) and (4) in Table 12 show the results for SOEs and non-SOEs,
respectively, and the effect of input trade liberalization is larger for non-SOEs. Manning (2003b) proposes
that the labor supply elasticity faced by individual firms is an important determinant of firms’ labor market
power. The more elastic the labor supply is, the less is firms’ labor market power. Hence, we split up
the sample into two groups using data provided by Fan et al. (2011): firms located in provinces with high
labor mobility and those in provinces with low labor mobility. The influence of input trade liberalization is
significantly larger in provinces with low labor mobility.

Overall, the effect of trade liberalization on the markdown distribution is noteworthy, particularly for
incumbent firms, non-SOEs, provinces with limited labor mobility, and inland provinces where firms tend
to have more monopsony power. These findings are consistent with the findings of Lu & Yu (2015), which
show that the impact of trade liberalization is greater when product markets are more monopolized.

Table 12: Heterogeneity Analysis
Dependent variables: (1) (2) (3) (4) (5) (6)
Variance in ln(markdown) Incumbent Exit/Entrant SOEs Non-SOEs High Mobility Low Mobility
Input Tariff01 × Post02 -0.579*** -0.453*** -0.372* -0.502*** -0.394*** -0.686***

(0.185) (0.165) (0.223) (0.142) (0.148) (0.166)
Output Tariff01 × Post02 0.078 -0.004 -0.094 -0.034 (-0.047) (0.044)

(0.052) (0.051) (0.071) (0.041) (0.042) (0.052)
Year FE Yes Yes Yes Yes Yes Yes
CIC-4 FE Yes Yes Yes Yes Yes Yes
Observations 3,761 3,764 3,749 3,770 3,769 3,765
Adjusted R2 0.657 0.639 0.569 0.807 0.727 0.705

Note: Robust standard errors clustered at the CIC-4 level are in parentheses. ***, **, * denote significance at the 1%, 5%, 10%
levels. Each column includes control variables, the interaction terms between Post02t and tariff determinant, other contempora-
neous policy reforms and total exports.
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6 Conclusion

This paper studies the impact of trade liberalization on heterogeneity of the labor market power of
manufacturing firms in China, which, as our model shows, is a potential source of misallocation in our model.
The model incorporates monopolistic competition in the product market and monopsonistic competition
in the labor market. The findings show that heterogeneous preferences of workers for different occupations
and the distinct occupation compositions of firms serve as new sources of heterogeneous monopsony power
across firms. From the micro point of view, firms with monopsony power produce less, use less input, charge
higher prices, and use more non-labor input. From the macro point of view, heterogeneous monopsony
power across firms gives rise to misallocation and results in efficiency loss. The variance in log markdown
serves as a sufficient statistic of the negative impact of heterogeneous monopsony power across firms on
total production efficiency. Furthermore, our model shows that input trade liberalization is associated with
reduced markdown heterogeneity and output trade liberalization has the opposite effect.

Using China’s accession to the WTO as a semi-natural experiment, we investigated the impact of trade
liberalization on the labor market power and labor market power heterogeneity of manufacturing firms, with
detailed data on firms’ production and tariffs. The empirical results support that input trade liberalization
decreases the variance in log markdown and mitigates the misallocation of the factors of production across
firms, while output trade liberalization has no significant effect. Overall, our work suggests that the real-
location effect of trade in an imperfectly competitive labor market serves as an important channel for gains
from trade.
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Appendix A Details on the Data Processing

Following Cai & Liu (2009), Brandt et al. (2012, 2014, 2017) and Yu (2015), we conducted the following
data cleaning process:

• Observations with missing key financial variables (such as total assets, net value of fixed assets, sales
and gross value of the firm’s output) were excluded

• Firms with fewer than eight workers were dropped from the sample

• Following the basic rules of the Generally Accepted Accounting Principles, we eliminate the observa-
tions that met any of the following criteria:

– Liquid assets were greater than total assets

– Total fixed assets were greater than total assets

– The net value of fixed assets was greater than total assets

– The firm’s identification number was missing

– There was an invalid time of establishment (e.g., the opening month was later than December
or earlier than January).

In the ASIF data, there exist some trading companies that do not produce (Ahn et al., 2011). Following
Brandt et al. (2017), we deleted these trading companies by identifying key words in their firm names.
Moreover, the ASIF database includes mining industries; manufacturing industries; and electricity, gas, and
water production and supply industries. We only retained firms in the manufacturing industry and omitted
the other two types of firms.

Since the ASIF data do not report the actual capital stock of the company, we used the method of Brandt
et al. (2012) to convert the book value of capital into the comparable actual capital stock. Meanwhile, the
China Industrial Classification (CIC) 4-digit code was adjusted to be consistent over time and the nominal
variables, such as output value, sales value, and intermediate input value, were converted into real variables
using the deflator provided by Brandt et al. (2012).

We omitted observations on Tobacco (CIC2, 16) due to the lack of observations. The production function
estimations were conducted at the CIC-2 level which implicitly implies that firms share similar production
functions within each CIC-2 industry. As a result, we dropped other manufacturing industry (CIC2, 43)
from our sample.
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Appendix B Additional Figures and Tables

Figure B1: Evolution of Working Hours and Labor Income Share of China between 1998 and 2007

Figure B2: Trends in Minimum and Average Wages in Manufacturing Firms
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Table B.1: Summary Statistics for High Union Industry and Low Union Industry
High Union Group Low Union Group Differences

Variables N Mean Mean t-Value
Classification by Average Union Expenditure per Capita

Input Tariff 153 0.067 268 0.066 0.001 0.460
Output Tariff 153 0.101 268 0.105 0.004 0.498

Classification by Share of Firms with Established Unions
Input Tariff 183 0.065 238 0.068 0.003 1.147
Output Tariff 183 0.097 238 0.108 0.011 1.634

Figure B3: Labor Market Power and Industry Characteristics

Note: The data comes from 2004 ASIF, which provides detailed information about the employment characteristics of firms. The
skilled labor ratio is defined as the ratio between the number of workers with college degree or above and the number of all
workers. The male employment ratio is defined as the ratio between the number of male workers and the number of all worker.
The union number ratio is the percent of workers enrolled in the union. Capital labor ratio is the capital per capita.
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Table B.2: The Relationship Between Firms’ Markdown, Skilled Labor Ratio and Trade Liberalization
(1) (2)

Dependent Variables ln(Markdown) Skill Labor Ratio
Skill Labor Ratio 0.503***

(0.062)
Input Tariff 0.284

(0.235)
Output Tariff -0.330***

(0.079)
Control Yes Yes
CIC-4 FE Yes No
Province FE Yes Yes
Observations 241,522 241,522
Adjusted R-squared 0.449 0.198

Note: Robust standard errors in column (1) and (2) clustered at the CIC-2-level and CIC-4 level are in parentheses, respectively.
***, **, * denote significance at the 1%, 5%, 10% levels. The control variables include total factor productivity (in log), total
output (in log), capital-labor ratio (in log), and wage per capita (in log). We use the share of workers with education above high
school, including those with master, graduate and junior college degrees, to capture firms’ skilled labor ratio.

Table B.3: The Relationship Between Firms’ Markdown and Intermediate Input-Labor Ratio
Dependent Variables Within Firms Across Firms
ln(Markdown) (1) (2) (3) (4)
ln(M/L) 0.667*** 0.664*** 0.729*** 0.728***

(0.001) (0.001) (0.001) (0.001)
Control No Yes No Yes
Firm FE Yes Yes No No
CIC4-Year FE Yes Yes Yes Yes
City-Year FE Yes Yes Yes Yes
Observations 1,781,528 1,781,528 1,907,887 1,907,887
Adjusted R2 0.851 0.851 0.732 0.745

Note: Robust standard errors clustered at the firm-level are in parentheses. ***, **, * denote significance at the 1%, 5%, 10%
levels. The control variables include total factor productivity (in log), exporting firm indicator, State-owner enterprise indicator
and foreign invested firm indicator.
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Table B.4 reports the average of estimated output elasticity of the production function at the CIC-2
industry level calculated by ACF method (Cobb-Douglas specification). The mean values of the average
output elasticities of labor, capital and intermediate inputs are around 0.07, 0.04, and 0.85, respectively.

Table B.4: Average Output Elasticity by CIC-2 Sector (ACF, Cobb-Douglas Specification)
Industry No.obs. βL βK βM RTS
13 Food from Agricultural Products 117,337 0.06 0.04 0.85 0.95
14 Foods 47,219 0.06 0.04 0.88 0.98
15 Beverages 32,793 0.03 0.02 0.89 0.94
17 Textile 162,311 0.07 0.03 0.86 0.96
18 Textile and products 92,868 0.09 0.04 0.80 0.93
19 Leather and Products 46,210 0.08 0.02 0.83 0.93
20 Wood, and Products 41,812 0.04 0.02 0.89 0.95
21 Furniture 22,315 0.07 0.03 0.85 0.95
22 Paper and Paper 57,176 0.06 0.03 0.87 0.96
23 Printing and Recording Media 40,234 0.04 0.02 0.83 0.89
24 Culture, Education and Sport 25,481 0.08 0.04 0.81 0.93
25 Petroleum, Coking and Nuclear Fuel 16,827 0.05 0.03 0.87 0.96
26 Chemical and Products 140,435 0.07 0.04 0.86 0.97
27 Medicines 40,905 0.09 0.06 0.82 0.97
28 Chemical Fibers 9,779 0.06 0.03 0.92 1.01
29 Rubber 23,021 0.07 0.05 0.84 0.96
30 Plastics 89,596 0.08 0.05 0.83 0.96
31 Non-metallic Mineral 165,781 0.06 0.04 0.88 0.98
32 Ferrous Metals 46,040 0.06 0.03 0.91 1.00
33 Non-ferrous Metals 34,267 0.08 0.03 0.88 0.99
34 Metal Products 103,756 0.07 0.04 0.86 0.97
35 General Purpose Machinery 146,404 0.08 0.05 0.85 0.99
36 Special Purpose Machinery 81,070 0.09 0.07 0.85 1.01
37 Transport Equipment 92,192 0.11 0.07 0.84 1.03
39 Electrical Machinery 114,855 0.08 0.04 0.86 0.98
40 Communication and Computer 64,512 0.17 0.08 0.80 1.05
41 Measuring Instruments and products 27,326 0.12 0.04 0.81 0.97
42 Artwork and Other Manufacturing 37,422 0.08 0.03 0.84 0.95
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Following the method of Lu & Yu (2015), we identify the determinants of the input and output tariffs in
2001 at the CIC-4 level, including political factors (output shares of state-owned enterprises (SOEs), output
share of other domestic firms, total employment in log, and employment growth rate over the past several
years), economic factors (average wage per worker in log, capital-labor ratio in log, value-added ratio, and
industry age), and industrial policy (export intensity). Tables B.5 and B.6 display the estimation results for
input and output tariffs, respectively. Four variables have significant impacts on both input and output tariffs
in 2001: (1) output share of SOEs, (2) output share of other domestic firms, (3) average wage per worker in
log, and (4) export intensity.

Table B.5: Determinants of Input Tariffs in 2001
Dependent variables: Political Economic Industrial policy
Input tariff (2001) (1) (2) (3)
Output shares of SOEs (2001) -0.033*** -0.052*** -0.061***

(0.010) (0.013) (0.014)
Output shares of other domestic firms (2001) -0.049*** -0.076*** -0.090***

(0.010) (0.011) (0.013)
Log total employment (2001) -0.002* -0.004*** -0.004***

(0.001) (0.001) (0.001)
Employment growth rate (98-01) -0.027* -0.012 -0.013

(0.014) (0.013) (0.013)
Log average wage per worker (2001) -0.042*** -0.041***

(0.007) (0.007)
Log capital-labor ratio (2001) 0.010** 0.006

(0.004) (0.004)
Value-added ratio (2001) -0.014 -0.024

(0.031) (0.031)
Industry age (2001) 0.001 0.001

(0.000) (0.000)
Export intensity (2001) -0.017***

(0.006)
Observations 521 521 521
Adjusted R2 0.042 0.101 0.108

Note: Robust standard errors are in parentheses. ***, **, * denote significance at the 1%, 5%, 10% levels.
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Recall that, Figure 3 in the main text shows that the reduction in tariffs between 2001 and 2007 has a
positive correlation with the level of tariffs in 2001. Hence, the regression results in Tables B.5 and B.6 are
reasonable, for instance, industries with higher SOE output as a share of domestic firms’ output experienced
less tariff reduction after China’s WTO accession.

Table B.6: Determinants of Output Tariffs in 2001
Dependent variables: Political Economic Industrial policy
Output Tariff (2001) (1) (2) (3)
Output shares of SOEs (2001) -0.084*** -0.122*** -0.152***

(0.029) (0.039) (0.041)
Output shares of other domestic firms (2001) -0.121*** -0.164*** -0.208***

(0.027) (0.027) (0.034)
Log total employment (2001) -0.001 -0.005 -0.005

(0.003) (0.003) (0.003)
Employment growth rate (98-01) -0.073** -0.046 -0.049

(0.032) (0.033) (0.032)
Log average wage per worker (2001) -0.096*** -0.094***

(0.019) (0.019)
Log capital-labor ratio (2001) 0.029*** 0.019*

(0.011) (0.011)
Value-added ratio (2001) 0.088 0.059

(0.094) (0.094)
Industry age (2001) 0.001 0.000

(0.001) (0.001)
Export intensity (2001) -0.052***

(0.017)
Observations 521 521 521
Adjusted R2 0.031 0.075 0.083

Note: Robust standard errors are in parentheses. ***, **, * denote significance at the 1%, 5%, 10% levels.
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Appendix C Firm-Level Equilibrium

The optimization problem of each firm is to choose the quantities of the input and the output to maximize
profits, subject to two constraints: labor supply (equation (5)), and the production function (equation (9)).
Formally, firms’ profit maximization problem is defined as follows:

max
qsj ,msj ,lsjo ∀o∈Mj

psj(qsj)qsj −

[
Mj∑
o=1

wsjo(lsjo)lsjo

]
− wmmsj (C.1)

The Cobb-Douglas production function of an individual firm implies that the price of output can be
expressed as the product of the markup and marginal cost. Thus, we have the following:

psj =
1

ρs

{
1

φsj

[∏Mj

o=1

(
wsjoψsjo

γo

)γo
1− βs

]1−βs(wm
βs

)βs}
(C.2)

Solving firms’ profit maximization problem, lsj can be expressed as a function of productivity φsj and
firm-level markdown ψsj , which is the following:

lsj = κsjψsj
1−βsρs

ρs−1+θj(βsρs−1)φsj
−ρs

ρs−1+θj(βsρs−1) (C.3)

where κsj =
{(

1
Psρs

)(
wm

βs

)βsρs[
1

(1−βs)γo

(
1

Lλsj

)θj]1−βsρs
Qs

ρs−1
} 1

ρs−1+θj(βsρs−1)

> 0. With βs ∈ (0, 1),
ρs ∈ (0, 1) and θj ∈ (0, 1); thus, we can easily obtain 1−βsρs

ρs−1+θj(βsρs−1)
< 0 and −ρs

ρs−1+θj(βsρs−1)
> 0. Hence,

we have ∂lsj
∂ψsj

< 0 and ∂lsj
∂φsj

> 0. Given productivity, firms with more monopsony power employ fewer
workers; and given monopsony power, more productive firms employ more workers. Similarly, we can also
obtain the expression for msj as a function of productivity and monopsony power, which is the following:

msj = χsjκsjψsj
ρs(1−βs)

ρs−1+θj(βsρs−1)φsj
−ρs(θj+1)

ρs−1+θj(βsρs−1) (C.4)

where ∂msj

∂ψsj
< 0 and ∂msj

∂φsj
> 0. Given productivity, firms with monopsony power use less intermediate

input. Given monopsony power, firms with higher productivity use more intermediate input.
Next, we consider the factor ratio of the firm. We can derive the intermediate input-labor ratio as a

function of productivity and monopsony power:

msj

lsj
= χsjψsj

ρs−1
ρs−1+θj(βsρs−1)φsj

−ρsθj
ρs−1+θj(βsρs−1) (C.5)

where χsj =
(

1
1−βs

)(
wmγo
βs

)−1(
1

Lλsj

)θj
κsj

θj > 0, ∂(msj/lsj)

∂ψsj
> 0 and ∂(msj/lsj)

∂φsj
> 0. Given productivity,

firms with greater monopsony power use more of the intermediate input relative to labor. Notably, given
monopsony power, the improvement in Hicks-neutral productivity induces an intermediate input-biased
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production technology change. The intuition is that monopsonistic competition implies increasing marginal
costs of labor. When productivity increases, the firm expands, and the relative price of labor with respect to
the price of the intermediate input increases, which makes the latter preferable.

Here, we investigate the impact of monopsony power on the firm’s output. Similarly, the output can be
expressed as a function of productivity and monopsony power:

qsj = ∆sjψsj
1−βs

ρs−1+θj(βsρs−1)φsj
−

1+θj
ρs−1+θj(βsρs−1) (C.6)

where ∆sj =
[(

1
1−βs

)(
wmγo
βs

)−1(
1

Lλsj

)θj]βs
κsj

βsθj+1 > 0, ∂qsj
∂ψsj

< 0 and ∂qsj
∂φsj

> 0. Equation (C.6)
implies that, given productivity, firms with monopsony power produce less and charge higher prices. Given
monopsony power, a more productive firm produces more.

The first order conditions of the firm’s profit maximization problem can be rearranged to obtain the
following expression in terms of the marginal revenue product of the factors of production:

MRPLsj = (1− βs)ρs
psjqsj
lsj

= wsjψsj = Λsjψsj
ρs−1

ρs−1+θj(βsρs−1)φsj
−

ρsθj
ρs−1+θj(βsρs−1) (C.7)

MRPMsj = βsρs
psjqsj
msj

= wm (C.8)

where Λsj = 1
γo

(
1

Lλsj

)θj
κsj

θj > 0. By definition, TFPRsj = psj , TFPQsj = psjφsj .²⁸ Plugging equations
(9), (C.7) and (C.8) into the expression for TFPRsj , we have the following:

TFPRsj =
1

ρs

(
MRPMsj

βs

)βs(
MRPLsj
1− βs

)1−βs

∝ ψsj
(ρs−1)(1−βs)

ρs−1+θj(βsρs−1)φsj
−

ρsθj(1−βs)

ρs−1+θj(βsρs−1)

(C.9)

Equation (C.9) implies that, when productivity or monopsony power is held fixed, a change in the other
one - higher productivity or larger monopsony power - results in a higher TFPRsj .²⁹ To sum up, the firm-
level analysis shows that markdown ψsj serves as a sufficient statistics of the effect of labor market power
on firm-level variables. Specifically, monopsony power leads a firm to use less of the input, produce less
output, and charge higher prices. More interestingly, an increase in monopsony power and Hicks-neutral
productivity results in intermediate input-biased production technology change. In a competitive labor
market, resource allocation is uniquely determined by productivity. In contrast, in a monopsonistic labor
market, resource allocation is distorted by heterogeneous monopsony power, and misallocation shows up.

²⁸TFPQ and TFPR refer to quantity-based and revenue-based total factor productivity respectively (Foster et al., 2008).
²⁹If we assume away labor market power, i.e. ∀s ∈ S, ∀j ∈ Ms, θj = 0, ψsj = 1. The expression of TFRPsj becomes

TFPRsj = 1
ρs
(w

m

βs
)
βs
[ 1
(1−βs)γo

]
1−βs = TFPRs, which means there is no TFPR dispersion within industries, which is similar

to Hsieh & Klenow (2009).
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Appendix D Mathematical Derivation of Aggregate Total Factor Productivity

The first-order condition of firms’ profit maximization problem can be rearranged to obtain lsj andmsj

as the functions of MRPLsj and MRPMsj , respectively:

lsj =
(1− βs)ρspsjqsj

MRPLsj
= (1− βs)ρs

1

MRPLsj
psjqsj
PsQs

PsQs (D.1)

msj =
βsρspsjqsj
MRPMsj

= βsρs
1

MRPMsj

psjqsj
PsQs

PsQs (D.2)

Hence, we can obtain the industry-level usage of intermediate inputs and labor as the following:

ls =
∑
j∈Ms

lsj = (1− βs)ρsPsQs/MRPLs (D.3)

ms =
∑
j∈Ms

msj = βsρsPsQs/MRPMs (D.4)

where

1/MRPLs =
∑
j∈Ms

1

MRPLsj
psjqsj
PsQs

(D.5)

1/MRPMs =
∑
j∈Ms

1

MRPMsj

psjqsj
PsQs

(D.6)

denote the reciprocal of the weighted average of the value of the marginal revenue product of labor and
intermediate inputs within an industry, respectively.

Then we can express aggregate output as a function of ls, ms, and industry-level TFP:

Q =
S∏
s=1

Qs
αs =

S∏
s=1

(
TFPsms

βsls
1−βs

)αs

(D.7)

As a result, we can express the industry-level TFP as the following:

TFPs =
Qs

ms
βsls

1−βs (D.8)

Plugging equations (D.3) and (D.4) into equation (D.8), we can express industry-level TFP as:

TFPs = TFPRs
1

Ps
(D.9)
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where

TFPRs =
1

ρs

(
MRPMs

βs

)βs(
MRPLs
1− βs

)1−βs

(D.10)

is a geometric average of the average marginal revenue product of intermediate input and labor in the industry.
By definition, we have psj = TFPRsj/TFRQsj = TFPRsj/φsj , together with the expression for the

manufacturing industry-level price index; thus, we have

1

Ps
=

( ∑
j∈Ms

p
ρs

ρs−1

sj

) 1−ρs
ρs

=

[ ∑
j∈Ms

(TFPRsj
φsj

) ρs
ρs−1

] 1−ρs
ρs

(D.11)

Equation (D.9) together with equation (D.11) imply that:

TFPs =
[ ∑
j∈Ms

φsj
ρs

1−ρs

( TFPRs
TFPRsj

) ρs
1−ρs

] 1−ρs
ρs

(D.12)

Equations (C.9) and (D.10) jointly imply that:

TFPRs
TFPRsj

=

(
MRPMs

MRPMsj

)βs(
MRPLs
MRPLsj

)1−βs

(D.13)

MRPMsj = wm does not vary with industry and firm; hence, we can simplify equation (D.6) and obtain
that MRPMs = MRPMsj = wm ≡ 1.

Following Hsieh & Klenow (2009), assuming that φsj, ψsj , and wsj are jointly log-normally distributed,
there is a simple closed-form expression for industry-level aggregate TFP:

log TFPs = log
( ∑
j∈Ms

φsj
ρs

1−ρs

) 1−ρs
ρs − Γ1s [var logwsj + var logψsj]

− Γ2s cov(logwsj, logψsj)
(D.14)

where:

Γ1s =
(βsρs − 1)(βs − 1)

2(1− ρs)
,Γ2s =

(βsρs − 1)(βs − 1)

1− ρs

If we assume there is the only variation in logψsj , equation (D.14) can be further simplified as:

log TFPs = log
( ∑
j∈Ms

φsj
ρs

1−ρs

) 1−ρs
ρs − Γ1svar logψsj (D.15)

In this case, the negative effect of monopsony power on industry-level TFP can be summarized as the
variance in logψsj . In short, labor market markdown dispersion incurs an efficiency loss.
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Appendix E Argument for Using Intermediate Input as Flexible Input

Our measurement of markdown follows the “production approach” and has been widely used in the
literature. Yeh et al. (2022) provide a comprehensive summarization of the assumptions used in the “pro-
duction approach”. Briefly, the assumptions require the existence of at least one flexible input that satisfies
the following: (1) no adjustment costs, (2) not subject to monopsony force, and (3) chosen statically. In
this section, we provide arguments to validate the assumption that intermediate input markets are perfectly
competitive and firms are price takers in this market.

First, the intermediate input is the preferred flexible input in the literature (Brooks et al., 2021; Caselli
et al., 2021; Kusaka, 2023; Mertens, 2020; Pham, 2023; Yeh et al., 2022). Using intermediate input as the
flexible input is consistent with the literature.³⁰

Second, as pointed out by Pham (2023) and Yeh et al. (2022), the intermediate input market is more
open to trade and firms source their input in the global market. As a result, it is harder for firms to obtain
monopsony power in the global intermediate input market. Figure E1 shows the China’s import share of
intermediate input goods, capital goods, and consumption goods during our sample period. The trade data
are from UN Comtrade, and the product category is identified using the Broad Economic Classification
(BEC) (Rev. 4), where the correspondence table between HS codes and BEC codes is obtained from World
Integrated Trade Solution (WITS). Clearly, imports of intermediate inputs account for a large proportion of
China’s total imports, at around 75% on average.

Figure E1: Import Share of Goods by Categories between 1998 and 2007

³⁰De Loecker et al. (2018) use Belgian data to estimate firm-level product markups and the data can separate service interme-
diate inputs and goods intermediate input. They suggest that the goods intermediate input is more likely to be flexible.
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Third, the intermediate input share is relatively large in Chinese manufacturing industry, which makes
the markdown estimation using intermediate input as a flexible input less influenced by measurement error
(Yeh et al., 2022). Meanwhile, following Yeh et al. (2022), we calculate the standard deviation of the input
revenue share to capture the variability of inputss, and the results are presented in Table E.1. As expected,
the intermediate input share is less volatile.³¹

Table E.1: The Variability of Inputs

Input Mean p25 Median p75 SD

Labor 0.45 0.24 0.38 0.58 0.31
Intermediate 0.16 0.06 0.11 0.19 0.18
Capital 0.49 0.26 0.41 0.63 0.33

Note: Following Yeh et al. (2022), we calculate the standard deviation of normalized input revenue share over time. Each firm’s
input share is normalized by the mean value of its input share over time. We only keep firms which at least have three years of
observation in our sample.

Fourth, to the best of our knowledge, there is no empirical work that documents systematic market
power in the Chinese intermediate input market, except the study by Rubens (2023), which focuses on the
tobacco market.³² In our empirical analysis, we exclude the tobacco industry due to the violation of the
assumption and the limited number of observations. Meanwhile, China initiated the raw material market
reform in the 1990s to meet the needs of reforming and opening up and the WTO accession negotiation.
As pointed out by Qian (2017), China adopted a dual-track approach to market liberalization and shifted
from a plan-based economy to a market based economy. During the price reform in the 1990s, not only in
the intermediate input market, but also in the product and labor markets, the share of planned-prices fell
consistently. As a result, competition between firms in the intermediate input market increased, lending
further credibility to our assumption of using intermediate input as the flexible input.³³

Finally, as pointed out by Yeh et al. (2022), although the price-taker assumption in the intermediate
input market does not hold, our estimation of labor market power would reflect the markdown for labor
relative to the markdown for the intermediate input. Therefore, if firms possess monopsony power in the
intermediate input market as well, our estimation of the markdown for labor serve as the lower bound for
firms’ labor market power.

³¹Yeh et al. (2022) propose that intermediate input is more suitable to serve as the flexible input than energy. However, the
China’s ASIF data provides no information on energy usage, which prevents us from using energy as flexible input to conduct a
robustness check.

³²The literature indicates that the state-owned enterprises monospsony power in the upstream market is concentrated in
public utilities such as telecommunications, financial services, and water supply instead of intermediate inputs used for production
purposes.

³³We thank a referee for pointing this out. Please refer to chapter 2.4 in Qian (2017) for a detailed discussion of price reform
in the product, intermediate input, raw material and labor markets.
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