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1 Introduction

China’s emissions trading system (ETS) is the world’s largest carbon market by emissions

volume coverage and the first established in an emerging economy. It currently applies

a salient two-stage emissions intensity-based compliance quota allocation scheme different

from the cap-and-trade systems prevalent in developed economies.1 The program was

designed to accommodate China’s socioeconomic complexities: weak legal framework, diverse

institutional characteristics, income disparity, industrial heterogeneity, and continuously

evolving climate policies (Duan and Zhou, 2017; Goulder et al., 2017; Karplus and Zhang,

2017). Implementation of the ETS follows a learning-by-doing approach, so continued

assessment, review, and modification of the program are critically important.

This paper investigates how China’s ETS affects firms’ real decisions and economic welfare

during its initial implementation and assesses to what extent it has achieved the goal of

evoking climate awareness and changing emitting behaviors. We construct a comprehensive

firm-level data set and develop a staggered difference-in-difference (DiD) model to gauge the

following compelling questions to policymakers, compliance entities, and other stakeholders:

how did the emissions trading program affect firm investment and employment decisions?

How did the effects interact with key institutional characteristics? What are the implications

for economic welfare? Answers to these questions help assess China’s ETS and provide

references for the other emerging economies that plan to implement their emissions trading

programs.

We find that firms significantly increased capital expenditure and research and development

(R&D) inputs in response to compliance coverage. On average, a compliance firm had 16.53%

higher investment, equivalent to 86.12 million yuan, than a non-compliance firm. A further

investigation classifies investment projects into five categories: carbon neutrality, natural

1Emissions intensity is measured as the ratio of carbon emissions to production output. In this sense,
the intensity-based program does not limit the quantity of carbon emissions to a compliance firm in the
initial stage. See Section 2 for more details. In contrast, the cap-and-trade program imposes a strict limit on
the quantity of carbon emissions and reduces that limit over time to reach a pollution target. As the limit
decreases each year, it reduces carbon emissions to the limit set by regulation. Entities that exceed their
emissions quota must buy unused quotas from other companies or face penalties. Policymakers hint that
China’s ETS may switch to the cap-and-trade approach when it is more mature.



gas-related, environment protection, retrofit, and others. It shows that investment in the

“carbon neutrality” projects is positively and significantly associated with compliance coverage,

while the others are not. The finding implies that firms responded to ETS coverage with

more investment in carbon-efficient projects and, at the same time, maintained investment in

other projects. The pattern echoes Zhu et al. (2019) and Cao et al. (2021) that compliance

firms increased innovation inputs in carbon-efficient technologies and shifted production

to low-emissions facilities without actively shutting off less efficient ones. China’s ETS’s

intensity-based compliance quota allocation scheme subsidizes carbon-efficient firms for greater

production, and ex ante stimulates green investment. On the other hand, establishing a clear

and enforceable emissions target is important to achieve further efficiency gain and greater

abatement.

The compliance firms, on average, hired 327 more employees, about 6.72% of their entire

workforce, than the non-compliance firms. A more detailed analysis classifies employees

into five categories: low-skilled production workers, high-skilled production workers, sale

personnel, administration staff, and R&D personnel. It shows that the numbers of production

workers and R&D personnel are positively correlated with compliance coverage, while the

number of administration staff is negatively correlated, indicating that the compliance firms

not only expanded employment but also adjusted workforce composition.

Firm climate decisions are influenced by state ownership and regional heterogeneity. State-

owned enterprises (SOEs) and firms in regions with less liberal markets hired more employees

but did not expand investment. In contrast, non-SOEs and firms in more liberal markets grew

investment only. Chinese governments promote “green employment.” SOEs are regarded as a

major source of job creation, and firms in the regions with less liberal markets are more prone

to government influence. On the investment side, the prices of strategic products and services,

e.g., electricity and natural gas, are not market-determined but administered in China. SOEs

that dominate these sectors have relatively weak incentives to reduce emissions as they

cannot pass the costs to consumers. Market dominance enables SOEs to pass abatement

burden to other firms along the supply chain, and political connection increases the difficulty
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for regulation to impose non-compliance penalty.2 The findings highlight that government

agenda and economic distortions could overshadow this market-oriented program, and that

institutional reforms in a broader context are needed to remove barriers.

Benefits to productivity and wages are mixed. At the firm level, productivity proxied by

total factor productivity (TFP), operating efficiency proxied by revenue per capita, and value

creation proxied by Tobin’s Q are not significantly correlated with compliance coverage. A

positive way to interpret the results is that the ETS did not cause adverse productivity and

efficiency shocks. However, compliance firms pay lower real wages to non-executive employees,

which is more prominent in SOEs. Liu, Tan, and Zhang (2021) find that China’s pollution

control policy significantly reduced labor demand and that low-skilled employees were more

affected. Shrunk compensation could reduce morale and work quality and subsequently

damage the climate program. It implies that corporate governance, a key component of the

Environmental-Social-Governance (ESG) system, plays an important role in facilitating the

emissions abatement program to achieve environmental gains in a balanced and sustainable

manner.

This research gains insight into the emissions trading program pioneered by an emerging

economy. As an alternative to the cap-and-trade programs adopted by the developed

economies, the ETS sacrifices cost-effectiveness for flexibility and compatibility with the

country’s institutional structure (Goulder and Morgenstern, 2018; Goulder et al., 2022). The

program encouraged firms to take action without causing abrupt productivity shocks. Its

subsidy to firms with higher carbon efficiency incentivized green investment. Intensity-based

emissions compliance allows firms to increase (decrease) output during an economic expansion

(contraction), mitigating their fear about economic and climate policy uncertainties. The

program is also compatible with the country’s environmental policies, mostly emissions

intensity-based. China’s ETS faces challenges in emissions measurement, reporting and

verification, liquid trading and fair pricing, and compliance supervision. The initial success

2About 97% of green bonds, whose issuance is subject to high eligibility requirements and stringent
approval, were issued by SOEs. Most government climate subsidies have eligibility requirements on, e.g., firm
size and profitability, which rule out most non-SOEs.
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gained momentum to battle these challenges. It provides an example to the other emerging

economies facing socioeconomic complexities in designing their emissions trading programs.

Our research adds to the burgeoning literature on China’s carbon program.3 This paper

first examines real decisions in concert with institutional characteristics. Real decisions lead

to real effects. Our findings help interpret the phenomena documented in previous works

besides complementing them. The research sheds the first light on the welfare effects of

China’s ETS. It demonstrates that structural distortions embedded in the economy could

undermine the effectiveness of this market-oriented program. The significant presence of

SOEs and politically driven agenda add challenges to the ETS, highlighting the importance

of broader reforms to remove barriers during the in-depth implementation stage.

The remainder of this paper is organized as follows. Section 2 reviews China’s ETS.

Section 3 presents our empirical methodology and data. Section 4 analyzes the empirical

findings. Section 5 conducts robustness checks. Section 6 concludes the paper.

2 China’s Emissions Trading Program

This section reviews China’s ETS to set the stage for our empirical analysis. It follows the

chronological order to describe the regional pilot programs followed by the national market.

2.1 The Regional Pilots

After signing the United Nations Framework Convention on Climate Change in 1992, China

gradually transited to a low-carbon development pathway. The government chose to establish

an emissions trading system over carbon taxation, considering that the market-based approach

would give companies greater autonomy in determining how to achieve their emissions targets.

Other considerations include the country’s socioeconomic complexities, possible economic

3Among others, Cui et al. (2018) and Zhu et al. (2019) find that China’s pilot emissions trading programs
induced carbon innovation. Gallagher et al. (2019) use a mixed-method methodology to analyze the likelihood
of Chinese climate policies reducing greenhouse gas emissions following China’s Paris commitments. Cao
et al. (2021) examine the production behaviors of firms in the regulated electricity sector. Recently, Cui
et al. (2021) study firm tax records and find that implementing China’s pilot ETSs reduces carbon emissions
despite low carbon prices and infrequent trading.
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impacts, and continuously evolving policy environment. As for the past policies, China

adopted a learning-by-doing approach to establish some pilot programs first and then the

national program after gaining experiences from the pilots.

In September 2010, the State Council released The Decision on Accelerating Cultivation

and Development of Strategic Emerging Industries, proposing to establish carbon emissions

trading system. In the following year, the National Development and Reform Commission

(NDRC), the government planning organization responsible for climate policy, announced The

Notice on the Implementation of Pilot Carbon Emissions Trading Systems.4 Seven regional

pilots were established in five cities (Beijing, Shanghai, Tianjin, Chongqing, and Shenzhen)

and two provinces (Guangdong and Hubei). Selection of the pilots aimed to reflect China’s

industrial and geographic heterogeneity and income disparities. It also considered the region’s

economic development, institutional characteristics, and enterprise concentration. The pilot

programs were implemented in 2013 and 2014.5

[Insert Table 4 here.]

While establishing the pilot programs was a state policy, implementation and operation

went to the regions. As a result, the pilots have different industry coverage, inclusion

standards, and allowance allocation mechanisms, reflecting the regional economic situations.

They cover important industries in the regions besides heavy industries.6 For example, as a

transportation hub, Shanghai includes commercial buildings, railways, ports, airports, and

aviation; Beijing includes hotels, universities, and medical facilities. The inclusion standards

are also different; for example, the inclusion threshold is 3,000 tCO2 equivalence in Shenzhen,

5,000 in Beijing, 20,000 in Shanghai, Guangdong, Tianjin, and Chongqing, and 10,000 metric

4After institutional reform of the State Council in 2018, governance of the ETS was transferred from
NDRC to the Ministry of Ecology and Environment.

5The Shenzhen pilot began on June 18, 2013, followed by Shanghai on November 26, 2013, Beijing on
November 28, 2013, Guangdong on December 13, 2013, Tianjin on December 26, 2013, Hubei on April 2,
2014, and Chongqing on June 19, 2014. Two unofficial ETSs were implemented in the provinces of Fujian and
Sichuan in 2016. We do not include these unofficial markets in this study because of their unofficial nature
and relatively small sizes.

6Heavy industries include electricity and heat generation, cement, petrochemicals, iron and steel, nonferrous
metals, pulp and paper, and glass.
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tons of standard coal equivalence consumption in Hubei. Each year, the pilots publish their

compliance firms lists. The firms contribute 40% to 60% of the total carbon emissions in the

regions.

A salient feature of the regional pilot programs is that they apply a two-stage allowance

allocation scheme significantly different from the traditional cap-and-trade scheme. At the

beginning of a compliance period, firms receive a fraction (typically 60%) of the allowance

based on their (or sector’s) historical emissions, following the “grandfather” rule; at the end

of the compliance period, firms obtain the rest of the allowances according to their actual

outputs. In other words, the emissions allowances are finally determined when outputs are

observed at the end of the compliance period. At the time of this writing, nearly 95% of the

emissions allowances are allocated for free, and 3% to 10% of the budgeted allowances are

reserved for auction.7

2.2 The National Market

The regional pilots constitute experiments and preparation for the national ETS officially

launched in July 2021. When complete, the national market aims to cover 7,000 entities

and the country’s 70% carbon dioxide emissions. It covers only the electricity industry at

the initial (current) stage. There are 2,162 entities with annual carbon emissions exceeding

26,000 tCO2e; most are power generators. These firms’ total carbon emission volume is over

4.5 billion tons of CO2e per year, nearly 40% of the country’s total emissions (Cao, Ho, Ma,

and Teng, 2021).

Allocation of emissions allowance, initially free, also follows the two-stage intensity-based

scheme, which offers flexibility to an emerging economy with fast-growing power demand

and continuously evolving climate policy (Pizer and Zhang, 2018; Goulder, Long, Lu, and

Morgenstern, 2022). Pragmatism is heavily valued. As a result of trading off the economic

and institutional complexities, the scheme is not the first-best cost-effective and is subject to

future modification. According to Duan and Zhou (2017), the most important objective of

7See Cui, Wang, Zhang, and Zheng (2021) for a review of the allowance allocation schemes.
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China’s ETS in the initial implementation is to evoke firms’ climate awareness and stimulate

abatement action.

Unlike the regional pilots that disclosed their coverage and implementation rules right

before market opening, the national market published an incremental development plan

in The Work Plan for the Construction of the National Carbon Emissions Trading System

(Power Sector) in December 2017, four years before the launch. The feature demands careful

treatment of the expectation effect in research.

In summary, the development of China’s ETS is still in an early stage. Table 2 shows

that the trading volume ranged between 0.39 and 27 million metric tons of CO2 for the

regional pilots and 178 million tons for the national market in 2021, less than 5% of the total

allowance quota allocated to the compliance firms. The carbon prices vary significantly across

markets, with the highest of USD 9.48 in Beijing and the lowest of USD 1.74 in Shenzhen,

considerably lower than the average carbon price of EURO 20 for the European Union ETS

(Bayer and Aklin, 2020).

3 Empirical Methodology

This section describes our empirical methodology. It starts with the model, followed by the

data and key variables.

3.1 The Model

We develop a staggered DiD model to study the real effects of China’s ETS. A merit of the

model is mitigating the confounding effects of other synchronous energy and environment

policies (Pang and Duan, 2016; Karplus and Zhang, 2017; Baker, Larcker, and Wang, 2022;

de Chaisemartin and D’Haultfoeuille, 2022). The treated group includes domestically listed

compliance firms covered by national and regional programs. The list of compliance firms

changed each year, and the number of firms increased over time, providing a quasi-natural

experimental setting. The control group includes listed firms in the compliance industries
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but not covered by the ETS. Focusing on compliance industries increases the comparability

between the treatment and control firms.

The baseline DiD model is expressed as

Decisioni,t = βETSi,t + γControlsi,t + ϵi,t, (1)

where Decisionit denotes real decisions of firm i observed at the end of year t; ETSit is a

dummy variable that equals one if firm i is covered by the ETS in year t and zero otherwise.

Controlsi,t represents a set of control variables of firm i observed at the end of year t. Section

3.3 presents the variables. We also include the decision variables lagged by one period and

control the firm-, year-province- and year-industry-fixed effects for latent factors.

The DiD estimator has an important parallel trends assumption; that is, in the absence

of treatment, the treated and control groups should have the same evolution patterns. To

verify this assumption, we conduct an event-study estimation using pre- and post-treatment

ETS dummy variables to compare the treated and control firms’ decisions before and after

the ETS coverage. In particular, we estimate the following regression model:

Decisioni,t =
m∑
j=2

βjETSi,t−j +
n∑

k=0

βkETSi,t+k + γControlsi,t + ϵi,t, (2)

where j represents the jth pre-treatment year, and k represents the kth post-treatment year.

We use j and k up to six; that is, six years before and after the ETS coverage. Figure 1

depicts the parallel trends assumption test results for investment and employment. The

evidence indicates that there are no significant differences between the decisions of the treated

and control firms before compliance coverage, but their decisions significantly departed after

it. The parallel trends assumption appears intact, and the staggered DiD model is compatible

with the data. Section 5 provides additional robustness checks.

[Insert Figure 1 here.]
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3.2 Data

Unlike previous research that usually identifies ETS coverage by sector or region, we construct

a comprehensive firm-level data set.8 The raw data contains compliance firm names and social

credit numbers. An obstacle is that most of the entities covered by the regional pilots are the

subsidiaries or branch offices of listed firms. We match the original 23,594 entity-ETS-year

observations to their parent firms in three ways: (i) by social credit number; (ii) referring to

the database of subsidiaries of listed firms provided by CSMAR; (iii) manually checking the

controlling shareholders of the ETS entities in the National Enterprise Credit Information

Publicity System by their social credit numbers.

Our sample contains firms listed in the country’s two major stock exchanges in Shanghai

and Shenzhen. Firms’ financial and stock information is obtained from WIND. The sample

period begins in 2009 to avoid abnormality introduced by the 2008 Global Financial Crisis and

ends in 2019 to remove interruption of the COVID pandemic. The final sample of compliance

firms contains 4,319 firm-ETS-year observations from 569 distinct firms in the following

sectors: mining, manufacturing, electricity, gas, water supply, heating, transportation, and

communications.

3.3 Variables

For real decisions, we consider capital expenditure as a proxy for investment and the number

of employees as a proxy for employment. The explanatory variable of interest, ETS, indicates

whether a firm is covered by the ETS. This dummy variable equals one if the firm headquarter

or at least one subsidiary or branch office is covered by the ETS and zero otherwise. Intuitively,

the parent firm would recognize compliance responsibility when the ETS covers its sub-entity.

Moreover, we develop an abatement policy intensity measure that equals the number of

subsidiaries and branch offices of a firm covered by the ETS in a year. The climate policy

would have a stronger effect when a firm has more compliance entities.

8See, for example, Cui, Zhang, and Zheng (2018), Cao, Ho, Ma, and Teng (2021), Chen (2021), and Cui,
Wang, Zhang, and Zheng (2021).
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To assess firm performance after compliance coverage, we consider the following variables:

revenue deflated by industrial producer price index (PPI) with 2009 as the base year; TFP is

total factor productivity estimated using the Levinsohn and Petrin (2003) method; TobinQ,

as a proxy for value creation, is computed as the ratio of the sum of market equity value and

total liabilities to total assets; REV per Capita, as a proxy for efficiency, is computed as the

ratio of revenue to the number of employees.

The control variables include firm size, age, leverage ratio, profitability, cash holding,

asset tangibility, growth, book-to-market ratio, state ownership, previous year’s stock return,

and volatility. Among them, logASSETS is the natural logarithm of total assets as a proxy

of firm size. logAGE is the natural logarithm of firm age. LEVERAGE is computed as

the ratio of total liabilities to total assets. ROA denotes return on assets, computed as net

income divided by average total assets in a fiscal year.9 CASH denotes cash holding as the

ratio of cash and cash equivalent to total assets. TANGIBILITY is the ratio of property,

plant, and equipment (PPE) to total assets. GROWTH denotes annual revenue growth. BM

denotes the book-to-market ratio. SOE is a dummy variable that equals one if the firm is a

state-owned enterprise (SOE) and zero otherwise. SKTRET denotes the average monthly

stock return in the previous year. VOL is the standard deviation of monthly stock returns in

the previous year.

Table 4 reports the descriptive statistics.10 Approximately 8.4% of the observations are

associated with firms covered by the ETS. The average capital expenditure is 0.52 billion

yuan, with a standard deviation of 1.36 billion yuan. The average number of employees is

4866, more than twice the median of 2002, suggesting that the distribution of EMPLOYEE

is skewed toward the high end. We use the model’s natural logarithm of EMPLOYEE to

mitigate the distributional drawback. The average TFP, REV per Capita, and TobinQ are

11.51, 0.98 million yuan, and 2.69, respectively. LEVERAGE has a mean of 41.2% with

a standard deviation of 21.1%. The average ROA and book-to-market ratio are 4.4% and

9Chinese firms’ fiscal year coincides with the calendar years.
10The nominal variable values are deflated using the consumer price index (CPI) with 2009 as the benchmark

year. Non-dummy variables are winsorized at the 1st and 99th percentiles to mitigate the influence of outliers.
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42.2%, respectively. Cash and fixed assets, on average, account for 18.4% and 25.1% of total

assets, respectively. The average yearly revenue growth is 14.9%. The average monthly stock

return and volatility are 1.4% and 12.7%, respectively. About 36.3% of the observations are

associated with SOEs.

[Insert Table 4 here.]

4 Empirical Results

This section presents the empirical findings. It starts with the effects of compliance coverage

on investment and employment decisions, followed by the interactions between the effects

and key program and institutional features, and then discusses the welfare effects.

4.1 Investment

Column (1) of Table 5 reports that the coefficient of ETS is 0.15 and statistically significant.

Economically, when a firm is covered by the ETS, its capital investment increases by 16.53%

on average; that is, 86.12 million yuan. Columns (2)-(4) confirm the robustness of the finding

after controlling the firm financial characteristics, stock performance, and investment in the

previous year. The coefficients of ETS are between 0.11 and 0.15, indicating a significant

expansion in capital investment upon compliance coverage.

Among the control variables, logASSETS andROA are positively correlated with logCAPX,

suggesting that large and profitable firms invest more. The coefficients of logAGE and

LEVERAGE are negative, indicating that mature firms and those with more debt in the

capital structure are relatively less active. CASH and BM are also negatively correlated with

investment. Intuitively, growth firms (low BM ratio) invest more in capital assets, which

reduces cash holding. SOEs invest less actively compared to non-SOEs. The investment

decision is positively related to the previous year’s capital expenditure but not the stock

performance.

[Insert Table 5 here.]

11



To analyze what types of investment the climate program has boosted, we classify

investment into the following categories: carbon-neutrality facilities (CARBON), natural-

gas-related (NG), environment protection (ENV ), retrofit (RETRO), and others (UNR).

We use the project information presented in the “Constructions in Progress” section of the

financial reports and classify the projects by their key words.11 We then sum up the amount

of capital invested into each category and estimate the regression model specified in Equation

(1) with the natural logarithm of the amount as the dependent variable.

[Insert Table 6 here.]

Table 6 reports that logCARBON is positively and significantly correlated with ETS,

while the other investments are not. Compliance firms significantly increased investment in

carbon reduction facilities compared to non-compliance firms. Although compliance has not

been strictly reinforced at this initial stage, the program has raised the salience of emissions

abatement and promoted firms to take investment action toward the direction of carbon

reduction. Column (6) shows that research and development (R&D) expenditure is positively

correlated with ETS, consistent with Zhu, Fan, Deng, and Xue (2019) that the climate

program stimulated green innovation.

Compliance firms maintained other investments as non-compliance firms. Cao, Ho, Ma,

and Teng (2021) find that firms in the electricity sector shifted some production to more

carbon-efficient facilities but did not actively abandon less efficient facilities after being

covered by the national ETS. Consistently, Table 11 shows that output increased after

compliance coverage. The compliance firms expanded carbon abatement investment to fulfill

abatement responsibilities but sustained investment in other projects to stay competitive.

The phenomena can be explained by the two-stage emissions allowance allocation scheme

11The keywords are as follows: CARBON : wind power, hydropower, photovoltaic power, solar power,
biomass power, nuclear power, new power resource, green power. NG: natural gas, gas, oil-to-gas, LNG, CNG,
gas station; ENV : environment protection, energy saving, wastewater treatment, dirty water treatment,
desulfurization, denitrification, mercury removal, defluorination, dechlorination, ash removal, dust removal,
recycle, waste heat power generation, and garbage-to-energy; RETRO: technical retrofit, fixed asset upgrade,
production line upgrade, unit retrofit, equipment modification, workshop modernization, and informatization;
UNR involves the other projects.
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that essentially subsidizes firms with low emissions-output ratios and encourages them to

produce more. On the other hand, establishing stricter and enforceable emissions targets is

important to achieve further efficiency gain and greater abatement.

4.2 Employment

We examine how compliance responsibility affects firms’ employment decisions, which is of

extensive social welfare interest. Column (1) of Table 7 shows that logEMP is positively

correlated with ETS, statistically significant at the 10% level. An average firm added 372

employees after being covered by the ETS, about 6.72% of its workforce. The results remain

robust after controlling firm characteristics and lagged employment.

[Insert Table 7 here.]

We conduct a heterogeneity analysis to gain insight into which types of employees

increased. Employees are classified into five categories: low-skilled production workers

(blue-collar labors), high-skilled workers (e.g., technicians), sale personnel, administrative

staff, and R&D personnel. We measure both the level and percentage of employees and

use the prefix “log” to denote the natural logarithm (of employees) and subscript “pct” for

percentage (to total employees). Table 8 shows that low-skilled workers, high-skilled workers,

and R&D personnel significantly increased upon compliance coverage. Economically, an

average firm increased low-skilled workers by 377, high-skilled workers by 62, and R&D people

by 56. The percentage of low-skilled workers increased significantly, while the percentage of

administrative personnel decreased. The compliance firms not only increased hiring but also

restructured the workforce.

[Insert Table 8 here.

4.3 Institutional Features

This section analyzes how the effects of carbon emissions compliance on firm decisions interact

with key institutional characteristics, namely, state ownership, market environment, and
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allowance measure.

4.3.1 State Ownership

SOEs are far more important in China than in Western countries. They help the government

to achieve some social goals, such as creating jobs for social stability (Bai, Lu, and Tao,

2006; Liao, Liu, and Wang, 2014). As the government announced that China will become a

carbon-neutral economy in 2060, SOEs should face political pressure besides the economic

aspects of carbon reduction. Carbon emissions compliance is included in the evaluation and

promotion of SOE executives, who are government-appointed cadres (Jotzo and Löschel,

2014; Goulder et al., 2017).

We classify firms into SOEs and non-SOEs according to their ultimate controlling parties.

The results show that SOEs and non-SOEs behaved differently after compliance coverage.

Panel A of Table 9 reports that non-SOEs increased capital investment without significantly

expanding their workforce. Their decisions appeared to be performance-driven—the firms

increased investment to prepare for compliance and tried to stay competitive by controlling

labor costs.12 In contrast, SOEs significantly expanded employment but did not increase

investment. In China, strategic products and service prices are not market-determined but

administered. SOEs in these sectors have a weak incentive to abate carbon emissions as they

cannot pass costs to consumers. In the past, SOEs were directed to execute policies addressing

various environmental issues (Karplus and Zhang, 2017; Hsu, Liang, and Matos, 2021). Old

habits cultivated by the top-down administrative order approach lead to a “wait-and-see”

attitude. SOEs’ political connection could make non-compliance penalties more difficult. The

phenomenon can also be related to SOEs’ market dominance, which allows them to shift

the abatement burden to other firms along the supply chain. On the hiring side, Chinese

governments promote “green employment,” and SOEs are regarded as a primary source of

job creation.

The significant presence of SOEs in the Chinese economy posts challenges to the carbon

12Interviews with private firms indicate many plans to reduce emissions through material recycling,
technology innovation, and equipment retrofit.
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trading program. According to Munnings et al. (2016), regulators could consider imposing

carbon taxes on SOEs while regulating private firms through the ETS if state ownership

significantly hinders the implementation of the ETS. For the ETS to harness market forces

to achieve emissions goals cost-efficiently, the government has an important role in providing

oversight to the market to protect integrity and equity. However, a politically-driven agenda

and excessive government interference could overshadow the market-oriented program. The

findings advocate institutional and industrial reforms in a broader context to remove barriers

to the healthy development of the ETS.

[Insert Table 9 here.]

4.3.2 Market Liberalness

A key consideration for China to adopt the emissions trading program (versus carbon taxation)

is to let the market forces play a decisive role in achieving abatement more cost-efficiently

(Goulder et al., 2017; Karplus and Zhang, 2017). China’s regional discrepancy provides a

natural setting to study the interactions between market liberalness and the ETS effects. We

proxy market liberalness with the provincial marketization index developed in Wang, Hu, and

Fan (2021) and widely used in the literature (See, for example, Jiang, Lee, and Yue, 2010; Li,

Wang, Cheung, and Jiang, 2011). The measure considers the following market components:

production factors, development of non-state sectors, development of market intermediaries,

legal environment, and government-market relationship. Intuitively, if a region has a higher

marketization index, it has a more liberal market, and firms there have more freedom and

are less subject to politically driven agendas.

We construct a dummy variable, MI, that equals zero if the marketization index of the

province/city where a firm’s headquarter locates ranks in the top five in a year and one

otherwise. We choose the top five as the threshold to allocate the regional pilots into two

groups in close number—it tags four regional ETSs as “more liberal market” and the other

three as “less liberal market.” Panel B of Table 9 reports that the compliance firms located

in the regions with more liberal markets significantly grew investment; those in the regions
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with less liberal markets only expanded employment. The patterns echo those of SOEs and

non-SOEs, suggesting that non-market factors could substantially undermine the effectiveness

of the market-based ETS.

4.3.3 Compliance Allowance Measures

Some regional pilots apply mass-based (emissions quantity) allowance measures, and some

use intensity-based measures. The two-stage allowance allocation scheme largely blurs the

difference between the two measures, as the final allowance is determined by end-of-period

production, benchmarked to the sector emissions-output ratio. Nonetheless, subtle differences

exist. Policymakers hint that China’s ETS may switch to the cap-and-trade approach when it

is more mature. The mess-based measure is perceived as more stringent, as emissions limits

are expected to repress production when binding. In contrast, the intensity-based measure is

viewed as relatively lenient without setting an explicit emissions limit.

We use a dummy variable to identify firms explicitly subject to the intensity-based measure.

They include electricity and heating firms in all the pilots, aviation firms in Shanghai, and

cement and steel firms in Guangdong province. We estimate the following regression model:

Decisioni,t =θ1ETSi,t ×RATEBASEi,j + θ2ETSi,t + θ3RATEBASEi,j+

γControlsi,t + ϵi,t,
(3)

where RATEBASEi,j denotes the dummy variable that equals one if firm i in sector j is

subject to the intensity-based measure and zero otherwise.

Columns (1) and (2) in Table 10 show that the interaction terms of ETS and RATEBASE

are positively and significantly correlated with logCAPX. The coefficients are two times

larger than the coefficients of ETS, suggesting that the intensity-based measure influenced

firms’ investment decisions more. Why were the more stringent mass-based measures less

effective? A possible explanation is that at the initial stage, a more stringent policy could face

a stronger headwind in promoting firms to take action. Calel and Dechezleprêtre (2016) and

Shapiro and Walker (2018) show that strict mass-based policies result in adverse production
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shocks and a shift of production to non-compliance entities/facilities (carbon leakage). In

contrast, China’s ETS, which sacrifices cost-effectiveness for flexibility, appears to help reduce

resistance and inertia. Effectively subsidizing firms with higher carbon efficiency encouraged

investment in abatement facilities. The policy also allows firms to adapt output to economic

growth, mitigating their fear of economic and policy uncertainties.

[Insert Table 10 here.]

4.4 Economic Welfare

Economic welfare constitutes the ultimate goal of carbon abatement policies. When the

ETS affects firms’ investment and employment decisions and climate behaviors, what are

the implications for economic welfare at the micro level? This section addresses the question

from firm performance and worker wage perspectives.

4.4.1 Firm Performance

We consider (1) output proxied by revenue deflated by producer price index (PPI); (2)

productivity proxied by total factor productivity (TFP ); (3) efficiency proxied by revenue

per capita (REV per Capita); and (4) firm value creation proxied by Tobin’s Q. We estimate

the regression model in Equation (1) with the above measures as dependent variables.

Columns (1)-(2) of Table 11 show that logOUTPUT is positively and significantly

correlated with ETS, implying that output increased upon compliance coverage. The finding

supports the goal of the compliance quota allocation scheme to encourage production from

more carbon-efficient entities. However, carbon dioxide emissions levels could increase or

decrease at the current stage. It is important to gather accurate emissions and compliance

data to assess the abatement performance of the ETS.

Columns (3)-(8) report that TFP , REV per Capita, and TobinQ are not significantly

correlated with ETS, suggesting that firms were able to maintain their productivity and

operating efficiency. However, SOE’s operating efficiency, measured by revenue per capita,
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decreased after the ETS coverage, consistent with the evidence that compliance SOEs increased

hiring but not output and investment. The program balanced promoting firms to take climate

action and avoiding adverse productivity shocks. We emphasize that China’s ETS still faces

non-trivial challenges in future implementation. The challenges include emissions measuring,

reporting and verification, compliance supervision, determining carbon prices, and ensuring

fair and liquid carbon trading. China’s industry complexity, institution heterogeneity, and

regional disparity add weight to those challenges.

[Insert Table 11 here.]

4.4.2 Real Wages

The wage has vast economic interest and social welfare implications. We construct the

following dependent variables for real wage: (1) WAGE is the aggregate wage of all employees;

(2) AWAGE is the average wage; (3) EWAGE is the average wage of employees excluding

executives and directors; and (4) MWAGE is the average wage of executives and directors.

We use these variables as dependent variables in Equation (1).

[Insert Table 12 here.]

Columns (1) and (3) of Table 12 show that the total and average wages are not significantly

correlated with ETS, indicating overall wages did not change substantially upon compliance

coverage. However, the average non-executive wage is negatively and significantly correlated

with ETS, suggesting that ordinary workers’ wages in compliance firms are reduced relative to

non-compliance firms. In contrast, there are no significant differences in executive salary. The

finding echos Liu, Tan, and Zhang (2021) that China’s pollution control policy significantly

reduced labor demand and that low-skilled employees were more affected. As firms adapted

to carbon reduction and simultaneously struggled to stay competitive, the expense came from

ordinary workers. Columns (4), (6), and (8) indicate that the phenomenon is more prominent

in SOEs, in line with the pattern that compliance SOEs increased hiring. The pattern seems

to be SOEs expanded “green employment” and controlled labor costs trimming real wages.
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5 Robustness Checks

This section conducts a battery of robustness tests. One may concern that the compliance

shocks did not apply randomly to firms, though truly randomized control is extremely rare

in environmental policy research due to the intentional selection of policymakers (Aldy,

Auffhammer, Cropper, Fraas, and Morgenstern, 2022). Following the literature, we apply

propensity score matching (PSM) in DiD for robustness check.13

The nearest neighbor matching estimator measures the similarity between the ETS and

non-compliance firms. Each year, paired firms share the same two-digit industrial classification

code and have the shortest Mahalanobis distance computed based on pre-treatment covariates

that affected both emitting behaviors and decisions. We follow Bolton and Kacperczyk

(2021) to consider the following covariates: firm age, total assets, leverage, return on assets,

book-to-market ratio, tangibility, and revenue growth. There is no explicit rule on how many

pre-treatment year(s) to be used for the matching, so we did it in two ways: (1) using the

sample from 2009 to 2012, the entire pre-treatment period, as in Heyman, Sjöholm, and

Tingvall (2007) and Cui et al. (2021); (2) using the sample of 2012, the year before the

earliest treatment, in the same spirit of Cao et al. (2021) and Cicala (2015). The first involves

extensive data to reinforce robustness, and the second uses new information. We follow

Zhu, Fan, Deng, and Xue (2019) to include firms never covered by the ETS in the control

group and apply one-to-one matching without replacement. The untabulated results show

no significant differences between the covariates of the matched firms in the pre-treatment

periods, indicating that the treatment and control groups were comparable before the ETS

shock.

Columns (1) and (2) of Table 13 show that for the PSM DiD sample, logCAPX is positively

and significantly correlated with ETS for the pre-treatment samples constructed in both

ways; Columns (6) and (7) report that logEMP are positively and significantly correlated

with ETS. The results confirm the main findings— firms increased investment and expanded

13See, for example, Fowlie, Holland, and Mansur (2012), Ferris, Shadbegian, and Wolverton (2014), Calel
and Dechezleprêtre (2016), Liu, Tan, and Zhang (2021). We do not select PSM DiD as the primary empirical
methodology because it significantly reduces the sample size.
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employment after being covered by the carbon abatement program.

[Insert Table 13 here.]

Our baseline analysis focuses on sectors of intensive carbon emissions. To mitigate the

concern that the practice could bias toward more favorable findings by leaving out other

industries, we conduct regressions using the full sample involving all sectors except financial

services. Columns (3) and (8) of Table 13 report that both logCAPX and logEMP are

positively and significantly correlated with ETS, implying that our findings are not entirely

driven by high carbon-emitting sectors only.

Our treatment sample includes firms covered by the national ETS. The reason is as follows:

the national ETS announced its implementation provisions in 2017, four years before its

opening. Firms knew the coverage and formed compliance expectations that could affect their

climate decisions and actions. We estimate the regression model excluding the firms only

covered by the national ETS from the treatment sample. It shows that the full sample includes

569 distinct firms, 140 (24.6%) of which are only covered by the national ETS. Columns

(4) and (9) of Table 13 show that logCAPX and logEMP are positively and significantly

correlated with ETS. Our findings are robust with and without the national ETS firms.

We examine how compliance intensity affects firm decisions. To proxy policy intensity,

we construct ETS Intensity as the number of times a firm’s headquarter, subsidiaries, and

branch offices are covered by the ETS in a year. The hypothesis is that a firm is more active if

it faces more intense compliance requirements. We estimate the regression model in Equation

(1) with ETS Intensity as the explanatory variable of interest. Columns (5) and (10) of

Table 13 show that logCAPX and logEMP are positively and significantly correlated with

ETS Intensity, adding robustness to our findings that firms facing more intense policies

took more active actions.

Recent econometric studies find that DiD estimates may be biased due to heterogeneity in

treatment effect embedded in staggered timing of treatment (See, for example, de Chaisemartin

and D’Haultfœuille, 2020; Goodman-Bacon, 2021; Baker, Larcker, and Wang, 2022). To

address the issue, we alternatively apply a modified DiD estimator proposed by Callaway
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and Sant’Anna (2021) that allows for dynamic selection of control groups and covariates

(Baker, Larcker, and Wang, 2022).14 The untabulated results show that the pre-treatment

estimates of logCAPEX and logEMP are statistically indifferent. Still, the post-treatment

estimates increased monotonically, implying that the real decisions significantly responded to

compliance coverage.

6 Conclusion

China’s ETS adopts a salient two-stage allowance allocation scheme in the initial stage,

which significantly differs from the cap-and-trade systems in developed economies. The

program needs to be understood in the following context: (1) China chose this emissions

trading program over carbon taxation to give companies greater autonomy in determining

how to achieve the emissions targets; (2) the design of the program considered the country’s

socioeconomic complexities, possible impacts on the economy, and continuously evolving

policy environment; (3) as for the past policies, China adopted a learning-by-doing approach.

This paper examines the program’s effects on real decisions and assesses to what extent the

ETS has achieved the goal of evoking climate awareness and changing emitting behaviors.

We find that firms significantly increased carbon abatement investment and expanded their

production workforce after being covered by the emissions trading program. The program

successfully promoted firms to take action without causing adverse productivity and efficiency

shocks. On the other hand, firms’ climate decisions are influenced by state ownership and

regional heterogeneity. State-owned enterprises (SOEs) and firms in regions with less liberal

markets hired more employees but did not expand investment. In contrast, non-SOEs and

firms in more liberal markets grew investment only, alarming that economic distortions, such

as SOE privileges and excessive government influence, could overshadow this market-oriented

program.

14The main idea of Callaway and Sant’Anna (2021) estimator is to estimate the group-time treatment
effects at staggered times separately and aggregate the effects by different weights computed by the length of
exposure to the treatment time and group size. See their insightful paper for more details.
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Figure 1: Pre-Trend Tests for DiD estimation of logCAPX and logEMP
This figure plots the evolution of coefficients of ETS estimated using an event-study regression
model based on Equation (2). Panels (a) and (b) are for investment ( logCAPX) and
employment (logEMP ) decisions, respectively. The horizontal axis represents treatment time
relative to compliance coverage; the vertical axis showcases the treatment effect. The vertical
dotted lines with endpoints represent the 90% confidential interval of coefficient estimates.

(a) Investment

(b) Employment
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Table 2: Information of China’s ETS
This table presents information on China’s regional and national ETSs. Coverage is the
percentage of carbon emission produced by compliance entities to the regions or country’s to-
tal carbon emissions. Cap is the aggregate emissions captivity of a regional or national market.

Market Coverage Cap (MtCO2) Trading Volume (MtCO2) Vol/Cap Average Price (USD)

Year 2021 Year 2021

Beijing 24% 35 1.86 5.30% 9.48

Chongqing 51% 78.39 1.13 1.45% 4.11

Guangdong 40% 265 27.00 10.19% 5.91

Hubei 27% 166 3.51 2.12% 5.32

Shanghai 57% 105 0.39 0.37% 6.23

Shenzhen 40% 31.5 2.99 9.51% 1.74

Tianjin 55% 120 5.85 4.87% 4.73

National Market 44% 4500 177.99 3.96% 7.23
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Table 3: Variable Definitions

Variables Definition

CAPX The amount of capital expenditure.

EMPLOY EE The number of employees.

CARBON The amount of capital expenditure for the zero-carbon facilities.

NG The amount of capital expenditure for the natural-gas-related projects.

ENV The amount of capital expenditure for the environment protection projects.

RETRO The amount of capital expenditure for the retrofit projects.

UNR The amount of capital expenditure for other projects except for the above four
categories.

RDSPEND The amount of R&D expenditure.

LOWSKILL The number of low-skilled production workers.

LOWSKILL pct The percentage of low-skilled workers to total employees.

HIGHSKILL The number of high-skilled workers.

HIGHKILL pct The percentage of high-skilled workers to total employees.

SALEMAN The number of sale people.

SALEMAN pct The percentage of sale people to total employees.

ADM The number of administrative staff.

ADM pct The percentage of the number of administrative staff to total employees.

RDPerson The number of R&D staff.

RDPerson pct The percentage of R&D staff to total employees.

ETS A dummy variable that equals one if the firm is covered by an ETS and zero otherwise.

ETS Intensity The number of times different ETS pilots cover the same listed firm in a year.

ASSETS The amount of total assets.

AGE Firm age in year.

LEV ERAGE The ratio of total liabilities to total assets.

ROA Return on assets computed as the net income divided by the average total assets.

CASH Cash and equivalent divided by total assets.

TANGIBILITY Property, plant, and equipment (PPE) divided by total assets.

GROWTH Annual revenue growth rate.

SOE A dummy variable that equals one if the firm is a state-owned enterprise and zero
otherwise.

BM The book-to-market ratio. Book equity equals total shareholder equity minus the
book value of preferred stocks.

SKTRET The average monthly stock return in a fiscal year.

V OL The standard deviation of monthly stock return in a fiscal year.

OUTPUT The amount of revenue deflated by industrial PPI with 2009 as the base year.

TFP The total factor productivity computed following Levinsohn and Petrin (2003).

REV perCapita The ratio of revenue to the number of employees.

TobinQ The ratio of market equity and total liabilities to total assets.

WAGES The total wage paid to all employees.

AWAGES The average wage paid to all employees.

EWAGES The average wage paid to all employees, excluding executives and directors.

MWAGES The average wage paid to executives and directors.
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Table 4: Descriptive Statistics
This table presents the summary statistics of the key variables. See Table 3 for variable
definitions. Nominal values are adjusted with the consumer price index (CPI), with 2009 as
the base year. The variables are winsorized at the 1st and 99th percentiles, respectively.

Obs. Mean Std Min Median Max

Dependent Variables

CAPX (RMB in billions) 21173 0.521 1.368 0.001 0.127 10.257

EMPLOY EE 21218 4866 8981 113 2002 61938

OUTPUT (RMB in billions) 20338 0.055 0.128 0.001 0.015 0.874

TFP 18628 12.932 0.648 11.438 12.884 14.696

REV perCapita (RMB in millions) 21218 0.983 1.021 0.122 0.663 6.842

TobinQ 21122 2.687 1.948 0.841 2.067 11.979

WAGES (RMB in billions) 21189 0.425 0.904 0.009 0.142 6.388

AWAGES (RMB in thousands) 21189 84.702 47.168 22.907 73.322 302.733

EWAGES (RMB in thousands) 21189 83.709 48.194 21.894 71.896 317.180

MWAGES (RMB in thousands) 21189 275.296 200.133 41.272 221.976 1215.913

Independent Variables

ETS 21218 0.084 0.278 0 0 1

ASSETS(RMB in billions) 21218 9.725 22.858 0.304 2.912 166.449

AGE (year) 21218 18.006 5.660 1 18 65

LEV ERAGE 21218 0.412 0.211 0.048 0.400 0.983

ROA 21218 0.044 0.067 -0.243 0.042 0.232

CASH 21218 0.184 0.138 0.012 0.144 0.682

TANGIBILITY 21218 0.251 0.160 0.012 0.218 0.733

GROWTH 21218 0.149 0.412 -0.543 0.083 2.746

SOE 21218 0.363 0.481 0 0 1

BM 21122 0.422 0.296 0.007 0.349 1.565

SKTRET 19382 0.014 0.044 -0.068 0.008 0.151

V OL 19382 0.127 0.056 0.044 0.115 0.351
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Table 5: Capital Investment and ETS
This table presents the regression results of capital investment on ETS. See Table 3 for the
definitions of the variables. Standard errors, reported in parentheses, are clustered at the firm
level. ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

logCAPXi,t

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

ETSi,t 0.153∗∗ 0.119∗∗∗ 0.128∗∗∗ 0.105∗∗∗

(0.060) (0.043) (0.044) (0.034)

logASSETSi,t 1.222∗∗∗ 1.232∗∗∗ 0.842∗∗∗

(0.034) (0.037) (0.033)

logAGEi,t -1.024∗∗∗ -1.205∗∗∗ -0.773∗∗∗

(0.224) (0.268) (0.208)

LEV ERAGEi,t -0.360∗∗∗ -0.401∗∗∗ -0.349∗∗∗

(0.113) (0.119) (0.100)

ROAi,t 1.153∗∗∗ 1.242∗∗∗ 1.289∗∗∗

(0.175) (0.183) (0.163)

CASHi,t -0.923∗∗∗ -0.616∗∗∗ -0.372∗∗∗

(0.100) (0.117) (0.099)

TANGIBILITYi,t -0.276∗ -0.323∗∗ -0.887∗∗∗

(0.152) (0.158) (0.131)

GROWTHi,t -0.006 -0.003 0.140∗∗∗

(0.020) (0.021) (0.023)

SOEi,t -0.218∗∗ -0.230∗∗ -0.170∗∗

(0.091) (0.091) (0.074)

BMi,t -0.190∗∗∗ -0.143∗∗∗

(0.063) (0.053)

SKTRETi,t -0.858∗∗∗ -0.383

(0.274) (0.261)

V OLi,t -0.131 -0.052

(0.185) (0.172)

logCAPXi,t−1 0.339∗∗∗

(0.011)

Firm FE ✓ ✓ ✓ ✓

Year-Province FE ✓ ✓ ✓ ✓

Year-Industry FE ✓ ✓ ✓ ✓

Observations 21,172 21,172 19,322 19,322

Adjusted R2 0.730 0.807 0.814 0.836
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Table 6: Investment in Different Projects
This table presents the regression results of different project investments on the ETS.
logCARBON , logNG, logENV , logRETRO, and logUNR are the logarithm of capital
expenditure for the zero-carbon facilities, natural gas related projects, environmental pro-
tection projects, retrofit projects, and other projects, respectively. logRDSPEND is the
logarithm of R&D expenditure. See Table 3 for the definitions of the explanatory variables.
Standard errors, reported in parentheses, are clustered at the firm level. ***, **, and * denote
statistical significance at the 1%, 5%, and 10% levels, respectively.

logCARBONi,t logNGi,t logENVi,t logRETROi,t logUNRi,t logRDSPENDi,t

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

ETSi,t 0.827∗∗ -0.117 -0.331 -0.152 0.188 0.096∗∗

(0.325) (0.144) (0.302) (0.386) (0.148) (0.041)

logASSETSi,t 1.126∗∗∗ 0.125 0.465∗∗∗ 0.668∗∗∗ 1.725∗∗∗ 0.795∗∗∗

(0.173) (0.087) (0.180) (0.229) (0.109) (0.031)

logAGEi,t -0.564 -0.779 2.209 -0.051 0.028 -0.528∗∗

(1.577) (0.733) (1.583) (2.186) (0.939) (0.241)

LEV ERAGEi,t 0.455 0.129 -1.539∗∗ -0.815 -0.903∗∗ -0.239∗∗

(0.554) (0.255) (0.640) (0.728) (0.372) (0.100)

ROAi,t -0.003 0.003 -0.009 0.018 0.017∗∗ 0.572∗∗∗

(0.009) (0.005) (0.010) (0.012) (0.007) (0.156)

CASHi,t -0.481 0.154 -0.157 1.591∗∗ -1.272∗∗∗ -0.129

(0.507) (0.296) (0.561) (0.762) (0.416) (0.083)

TANGIBILITYi,t 1.807∗∗∗ 0.363 0.665 2.390∗∗∗ -0.977∗∗ 0.437∗∗∗

(0.630) (0.398) (0.720) (0.909) (0.485) (0.142)

GROWTHi,t -0.074 0.005 -0.000 -0.274∗∗ -0.062 0.007

(0.105) (0.056) (0.112) (0.135) (0.081) (0.021)

SOEi,t 0.541 0.059 0.756 0.985 -0.616∗∗ -0.049

(0.392) (0.243) (0.500) (0.642) (0.313) (0.079)

BMi,t -0.106 0.331∗ 0.982∗∗ 0.302 -0.197 -0.133∗∗

(0.401) (0.191) (0.393) (0.470) (0.184) (0.055)

SKTRETi,t -0.511 -0.402 1.000 -1.278 -0.933 -0.792∗∗∗

(1.380) (0.769) (1.525) (2.011) (1.104) (0.201)

V OLi,t 0.857 0.074 -0.008 0.163 -0.271 -0.035

(0.869) (0.507) (1.016) (1.283) (0.695) (0.124)

Firm FE ✓ ✓ ✓ ✓ ✓ ✓

Year-Province FE ✓ ✓ ✓ ✓ ✓ ✓

Year-Industry FE ✓ ✓ ✓ ✓ ✓ ✓

Observations 17,978 17,978 17,978 17,978 17,978 15,825

Adjusted R2 0.529 0.526 0.506 0.488 0.444 0.871
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Table 7: Employment and ETS
This table presents the regression results of employment on the ETS. logEMP is the logarithm
of the number of employees. See Table 3 for the definitions of the explanatory variables.
Standard errors, reported in parentheses, are clustered at the firm level. ***, **, and * denote
statistical significance at the 1%, 5%, and 10% levels, respectively.

logEMPi,t

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

ETSi,t 0.065∗ 0.060∗∗ 0.066∗∗∗ 0.029∗∗

(0.037) (0.025) (0.025) (0.014)

logASSETSi,t 0.671∗∗∗ 0.660∗∗∗ 0.348∗∗∗

(0.018) (0.019) (0.016)

logAGEi,t 0.350∗∗∗ 0.421∗∗∗ 0.114

(0.134) (0.154) (0.085)

LEV ERAGEi,t 0.119∗∗ 0.117∗ 0.039

(0.058) (0.061) (0.039)

ROAi,t -0.087 -0.134 0.030

(0.085) (0.090) (0.070)

CASHi,t -0.353∗∗∗ -0.320∗∗∗ -0.167∗∗∗

(0.048) (0.053) (0.037)

TANGIBILITYi,t 0.583∗∗∗ 0.558∗∗∗ 0.264∗∗∗

(0.075) (0.077) (0.053)

GROWTHi,t 0.015 0.020∗ 0.170∗∗∗

(0.011) (0.011) (0.012)

SOEi,t 0.108∗∗ 0.109∗∗ 0.039

(0.046) (0.046) (0.027)

BMi,t 0.004 0.026

(0.033) (0.024)

SKTRETi,t 0.224∗ 0.101

(0.121) (0.099)

V OLi,t -0.174∗∗ -0.030

(0.076) (0.060)

logEMPi,t−1 0.552∗∗∗

(0.017)

Firm FE ✓ ✓ ✓ ✓

Year-Province FE ✓ ✓ ✓ ✓

Year-Industry FE ✓ ✓ ✓ ✓

Observations 21,218 21,218 19,382 19,382

Adjusted R2 0.883 0.934 0.934 0.958
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Table 9: Political Influence
This table presents the regression results of investment and employment on SOE and MI as
proxies for political influence and ETS. SOE equals one if the firm is a state-owned enterprise
and 0 otherwise. MI equals zero if the marketization index of the province where the firm’s
headquarters is located ranks top five in the fiscal year and one otherwise. The ranking of
marketization is based on the scores disclosed by Wang, Hu, and Fan (2021). See Table 3 for
the definitions of the explanatory variables. Standard errors, reported in parentheses, are
clustered at the firm level. ***, **, and * denote statistical significance at the 1%, 5%, and
10% levels, respectively.

Panel A: State-Owned Enterprises

logCAPXi,t logEMPi,t

SOE = 0 SOE = 1 SOE = 0 SOE = 1

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

ETSi,t 0.194∗∗∗ 0.084 0.034 0.098∗∗∗

(0.062) (0.066) (0.036) (0.035)

Controls ✓ ✓ ✓ ✓

Firm FE ✓ ✓ ✓ ✓

Year-Province FE ✓ ✓ ✓ ✓

Year-Industry FE ✓ ✓ ✓ ✓

Observations 11,862 7,484 11,885 7,497

Adjusted R2 0.780 0.849 0.928 0.940

Panel B: Marketization Index

logCAPXi,t logEMPi,t

MI = 0 MI = 1 MI = 0 MI = 1

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

ETSi,t 0.159∗∗∗ 0.089 0.030 0.088∗∗∗

(0.061) (0.065) (0.042) (0.031)

Controls ✓ ✓ ✓ ✓

Firm FE ✓ ✓ ✓ ✓

Year-Province FE ✓ ✓ ✓ ✓

Year-Industry FE ✓ ✓ ✓ ✓

Observations 8,204 11,142 8,214 11,168

Adjusted R2 0.828 0.816 0.936 0.941
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Table 10: Rate-based Allowance Allocation
This table reports the regression results of capture expenditure and employment on the
ETS associated with the intensity-based allowance allocation mechanism. RATEBASE is a
dummy variable that equals one if the firm is subject to a intensity-based allowance allocation
approach and zero otherwise. See Table 3 for the definitions of the explanatory variables.
Standard errors, reported in parentheses, are clustered at the firm level. ***, **, and * denote
statistical significance at the 1%, 5%, and 10% levels, respectively.

logCAPXi,t logEMPi,t

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

ETSi,t 0.105∗∗ 0.112∗∗ 0.053∗∗ 0.059∗∗

(0.044) (0.045) (0.025) (0.025)

ETSi,t × RATEBASEi,t 0.239∗ 0.240∗ 0.107 0.104

(0.126) (0.129) (0.096) (0.097)

RATEBASEi,t 0.018 -0.053 0.157 0.163

(0.257) (0.276) (0.201) (0.215)

logASSETSi,t 1.223∗∗∗ 1.239∗∗∗ 0.672∗∗∗ 0.660∗∗∗

(0.034) (0.037) (0.018) (0.019)

logAGEi,t -1.017∗∗∗ -1.204∗∗∗ 0.353∗∗∗ 0.424∗∗∗

(0.224) (0.268) (0.135) (0.154)

LEV ERAGEi,t -0.361∗∗∗ -0.401∗∗∗ 0.118∗∗ 0.116∗

(0.113) (0.119) (0.058) (0.061)

ROAi,t 1.155∗∗∗ 1.243∗∗∗ -0.086 -0.133

(0.175) (0.185) (0.085) (0.090)

CASHi,t -0.924∗∗∗ -0.610∗∗∗ -0.353∗∗∗ -0.322∗∗∗

(0.100) (0.117) (0.048) (0.053)

TANGIBILITYi,t -0.271∗ -0.300∗ 0.587∗∗∗ 0.562∗∗∗

(0.152) (0.158) (0.076) (0.077)

GROWTHi,t -0.006 -0.007 0.015 0.020∗

(0.020) (0.021) (0.011) (0.011)

SOEi,t -0.214∗∗ -0.232∗∗ 0.110∗∗ 0.111∗∗

(0.091) (0.092) (0.046) (0.046)

BMi,t -0.189∗∗∗ 0.003

(0.063) (0.033)

SKTRETi,t -0.841∗∗∗ 0.224∗

(0.274) (0.121)

V OLi,t -0.131 -0.175∗∗

(0.186) (0.076)

Firm FE ✓ ✓ ✓ ✓

Year-Province FE ✓ ✓ ✓ ✓

Year-Industry FE ✓ ✓ ✓ ✓

Observations 21,172 19,346 21,218 19,382

Adjusted R2 0.807 0.814 0.934 0.934
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Table 11: Productivity, Efficiency, and Firm Value
This table presents the regression results of productivity, efficiency, and firm value on ETS.
See Table 3 for the definitions of the variables. Standard errors, reported in parentheses, are
clustered at the firm level. ***, **, and * denote statistical significance at the 1%, 5%, and
10% levels, respectively.

logOUTPUTi,t TFPi,t REV perCapitai,t TobinQi,t

(1) (2) (3) (4) (5) (6) (7) (8)

ETSi,t 0.039∗ 0.054∗ 0.001 0.012 -0.071 0.009 0.001 0.039

(0.021) (0.028) (0.023) (0.027) (0.051) (0.058) (0.049) (0.068)

ETSi,t × SOEi,t -0.026 -0.022 -0.144∗ -0.069

(0.036) (0.040) (0.086) (0.082)

SOEi,t 0.045 0.047 0.016 0.018 0.036 0.045 -0.210∗∗ -0.205∗∗

(0.038) (0.038) (0.036) (0.036) (0.054) (0.054) (0.103) (0.104)

logASSETSi,t 0.817∗∗∗ 0.816∗∗∗ 0.190∗∗∗ 0.190∗∗∗ 0.113∗∗∗ 0.111∗∗∗ -1.099∗∗∗ -1.099∗∗∗

(0.019) (0.019) (0.017) (0.017) (0.031) (0.031) (0.048) (0.048)

logAGEi,t 0.316∗∗ 0.312∗∗ 0.147 0.144 -0.183 -0.204 -0.073 -0.084

(0.123) (0.124) (0.129) (0.129) (0.287) (0.287) (0.317) (0.317)

LEV ERAGEi,t 0.096 0.095 0.157∗∗∗ 0.157∗∗∗ 0.094 0.091 0.173 0.172

(0.060) (0.060) (0.059) (0.059) (0.121) (0.121) (0.141) (0.141)

ROAi,t 1.038∗∗∗ 1.038∗∗∗ 1.019∗∗∗ 1.019∗∗∗ 0.951∗∗∗ 0.951∗∗∗ 1.878∗∗∗ 1.878∗∗∗

(0.094) (0.094) (0.088) (0.088) (0.165) (0.165) (0.285) (0.285)

CASHi,t -0.226∗∗∗ -0.226∗∗∗ 0.032 0.033 0.158∗ 0.161∗ 0.216 0.218

(0.053) (0.053) (0.050) (0.050) (0.095) (0.095) (0.151) (0.151)

TANGIBILITYi,t 0.339∗∗∗ 0.340∗∗∗ -0.392∗∗∗ -0.391∗∗∗ -0.487∗∗∗ -0.486∗∗∗ -0.374∗∗ -0.373∗∗

(0.074) (0.074) (0.072) (0.072) (0.129) (0.129) (0.175) (0.175)

GROWTHi,t 0.182∗∗∗ 0.182∗∗∗ 0.159∗∗∗ 0.159∗∗∗ 0.197∗∗∗ 0.198∗∗∗ -0.001 -0.001

(0.011) (0.011) (0.013) (0.013) (0.025) (0.025) (0.027) (0.027)

BMi,t -0.171∗∗∗ -0.171∗∗∗ -0.150∗∗∗ -0.149∗∗∗ -0.185∗∗∗ -0.182∗∗∗

(0.033) (0.033) (0.033) (0.033) (0.060) (0.060)

SKTRETi,t -0.302∗∗ -0.303∗∗ -0.312∗∗∗ -0.313∗∗∗ -0.356∗ -0.357∗ 13.231∗∗∗ 13.227∗∗∗

(0.125) (0.125) (0.121) (0.121) (0.212) (0.212) (0.368) (0.368)

V OLi,t -0.260∗∗∗ -0.258∗∗∗ -0.144∗∗ -0.143∗∗ -0.368∗∗∗ -0.361∗∗∗ 0.477∗ 0.480∗

(0.075) (0.075) (0.072) (0.073) (0.126) (0.127) (0.254) (0.254)

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Year-Province FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Year-Industry FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Observations 18,547 18,547 16,901 16,901 19,382 19,382 19,382 19,382

Adjusted R2 0.962 0.962 0.824 0.824 0.732 0.732 0.778 0.778
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Table 12: Employee Wage
This table reports the regression results of employee wage on ETS. logWAGES is the logarithm
of total salaries received by all employees, including executives and directors. logAWAGES is
the logarithm of average salaries received by all employees. logEWAGES is the logarithm
of average salaries received by employees, excluding executives and directors. logMWAGES
is the logarithm of average salaries received by executives and directors. See Table 3 for
the definitions of the explanatory variables. Standard errors, reported in parentheses, are
clustered at the firm level. ***, **, and * denote statistical significance at the 1%, 5%, and
10% levels, respectively.

logWAGESi,t logAWAGESi,t logEWAGESi,t logMWAGESi,t

(1) (2) (3) (4) (5) (6) (7) (8)

ETSi,t 0.029 0.047∗ -0.025 0.011 -0.028∗ 0.009 -0.014 0.036

(0.019) (0.028) (0.017) (0.023) (0.017) (0.024) (0.020) (0.030)

ETSi,t × SOEi,t -0.032 -0.064∗∗ -0.068∗∗ -0.090∗∗

(0.033) (0.031) (0.030) (0.037)

SOEi,t 0.100∗∗∗ 0.102∗∗∗ 0.005 0.009 0.007 0.012 -0.036 -0.030

(0.034) (0.034) (0.032) (0.032) (0.033) (0.033) (0.034) (0.034)

logASSETSi,t 0.709∗∗∗ 0.708∗∗∗ 0.035∗∗∗ 0.034∗∗∗ 0.035∗∗∗ 0.034∗∗ 0.226∗∗∗ 0.225∗∗∗

(0.017) (0.017) (0.013) (0.013) (0.013) (0.013) (0.013) (0.013)

logAGEi,t 0.479∗∗∗ 0.474∗∗∗ 0.051 0.041 0.064 0.054 -0.092 -0.105

(0.122) (0.122) (0.105) (0.105) (0.106) (0.107) (0.120) (0.120)

LEV ERAGEi,t 0.029 0.029 -0.043 -0.044 -0.034 -0.035 -0.222∗∗∗ -0.224∗∗∗

(0.052) (0.052) (0.044) (0.044) (0.044) (0.044) (0.046) (0.046)

ROAi,t -0.031 -0.031 0.087 0.087 0.092 0.092 0.672∗∗∗ 0.672∗∗∗

(0.081) (0.081) (0.068) (0.068) (0.070) (0.069) (0.071) (0.071)

CASHi,t -0.255∗∗∗ -0.255∗∗∗ 0.061 0.062 0.045 0.046 -0.058 -0.056

(0.045) (0.045) (0.040) (0.040) (0.040) (0.040) (0.043) (0.043)

TANGIBILITYi,t 0.435∗∗∗ 0.435∗∗∗ -0.126∗∗ -0.125∗∗ -0.115∗∗ -0.115∗∗ -0.168∗∗∗ -0.168∗∗∗

(0.064) (0.064) (0.053) (0.053) (0.054) (0.054) (0.049) (0.049)

GROWTHi,t 0.013 0.013 -0.003 -0.003 -0.004 -0.004 -0.040∗∗∗ -0.040∗∗∗

(0.009) (0.009) (0.008) (0.008) (0.008) (0.008) (0.009) (0.009)

BMi,t -0.067∗∗ -0.066∗∗ -0.067∗∗∗ -0.066∗∗∗ -0.068∗∗∗ -0.067∗∗∗ -0.199∗∗∗ -0.197∗∗∗

(0.030) (0.030) (0.025) (0.024) (0.025) (0.025) (0.025) (0.025)

SKTRETi,t -0.213∗ -0.214∗ -0.468∗∗∗ -0.468∗∗∗ -0.476∗∗∗ -0.477∗∗∗ -0.508∗∗∗ -0.509∗∗∗

(0.112) (0.112) (0.099) (0.099) (0.102) (0.102) (0.101) (0.101)

V OLi,t -0.071 -0.069 0.093 0.096 0.086 0.090 0.011 0.016

(0.067) (0.067) (0.061) (0.061) (0.063) (0.063) (0.068) (0.068)

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Year-Province FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Year-Industry FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Observations 19,381 19,381 19,381 19,381 19,347 19,347 19,360 19,360

Adjusted R2 0.960 0.960 0.755 0.755 0.750 0.750 0.810 0.810
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Table 13: Robustness Checks
This table reports the results of the robustness checks. Column (1) and (6) are for the PSM
sample constructed based on the matching outcome of pre-treatment data at the end of 2012.
Column (2) and (7) are for the PSM sample constructed based on the matching outcome of
pre-treatment data from 2009 to 2012. Column (3) and (8) are for the sample of all industries.
Column (4) and (9) are for the sample, excluding treated firms covered by the national ETS.
Column (5) and (10) are for ETS Intensity as the key explanatory variable. ETS Intensity
is defined as the number of times of which different ETS pilots cover a listed firm in a year.
See Table 3 for the definitions of the explanatory variables. Standard errors, reported in
parentheses, are clustered at the firm level. ***, **, and * denote statistical significance at
the 1%, 5%, and 10% levels, respectively.

logCAPXi,t logEMPi,t

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

ETSi,t 0.154∗∗ 0.092∗ 0.120∗∗∗ 0.123∗∗ 0.064∗∗ 0.069∗∗ 0.065∗∗ 0.070∗∗

(0.064) (0.055) (0.045) (0.051) (0.032) (0.028) (0.027) (0.032)

ETS Intensityi,t 0.005∗ 0.007∗∗

(0.003) (0.003)

logASSETSi,t 1.241∗∗∗ 1.271∗∗∗ 1.228∗∗∗ 1.237∗∗∗ 1.239∗∗∗ 0.633∗∗∗ 0.622∗∗∗ 0.685∗∗∗ 0.659∗∗∗ 0.661∗∗∗

(0.055) (0.046) (0.031) (0.037) (0.037) (0.034) (0.030) (0.020) (0.019) (0.019)

logAGEi,t -1.979∗∗∗ -1.600∗∗∗ -1.430∗∗∗ -1.212∗∗∗ -1.231∗∗∗ 0.016 0.623∗∗ 0.396∗∗ 0.421∗∗∗ 0.414∗∗∗

(0.512) (0.464) (0.263) (0.268) (0.269) (0.288) (0.258) (0.156) (0.154) (0.154)

LEV ERAGEi,t -0.349 -0.355∗∗ -0.577∗∗∗ -0.400∗∗∗ -0.395∗∗∗ 0.181 0.149 0.061 0.116∗ 0.118∗

(0.218) (0.178) (0.117) (0.119) (0.120) (0.126) (0.096) (0.068) (0.061) (0.061)

ROAi,t 1.702∗∗∗ 1.155∗∗∗ 1.153∗∗∗ 1.247∗∗∗ 1.248∗∗∗ -0.119 -0.320∗∗ -0.032 -0.131 -0.131

(0.349) (0.285) (0.173) (0.185) (0.184) (0.190) (0.143) (0.090) (0.090) (0.090)

CASHi,t -0.809∗∗∗ -0.720∗∗∗ -0.503∗∗∗ -0.604∗∗∗ -0.592∗∗∗ -0.435∗∗∗ -0.327∗∗∗ -0.198∗∗∗ -0.319∗∗∗ -0.315∗∗∗

(0.203) (0.187) (0.113) (0.117) (0.117) (0.108) (0.092) (0.058) (0.053) (0.053)

TANGIBILITYi,t -0.649∗∗∗ -0.437∗ 0.361∗∗ -0.301∗ -0.301∗ 0.303∗∗ 0.380∗∗∗ 0.832∗∗∗ 0.560∗∗∗ 0.559∗∗∗

(0.238) (0.226) (0.154) (0.158) (0.158) (0.134) (0.109) (0.083) (0.077) (0.077)

GROWTHi,t -0.069 -0.055 -0.006 -0.007 -0.008 -0.006 0.035∗ 0.009 0.020∗ 0.020∗

(0.043) (0.040) (0.016) (0.021) (0.021) (0.029) (0.021) (0.008) (0.011) (0.011)

SOEi,t 0.024 -0.006 -0.269∗∗∗ -0.235∗∗ -0.235∗∗ 0.038 0.113∗ 0.089∗ 0.109∗∗ 0.109∗∗

(0.150) (0.131) (0.083) (0.092) (0.092) (0.076) (0.058) (0.049) (0.046) (0.046)

BMi,t -0.279∗∗∗ -0.272∗∗∗ -0.258∗∗∗ -0.184∗∗∗ -0.181∗∗∗ -0.008 0.009 -0.042 0.006 0.005

(0.098) (0.085) (0.060) (0.063) (0.063) (0.060) (0.047) (0.033) (0.033) (0.033)

STKRETi,t -1.323∗∗ -1.193∗∗∗ -1.127∗∗∗ -0.820∗∗∗ -0.808∗∗∗ 0.367 0.421∗∗ 0.136 0.234∗ 0.231∗

(0.543) (0.454) (0.262) (0.274) (0.274) (0.249) (0.190) (0.120) (0.122) (0.122)

V OLi,t -0.267 -0.081 -0.141 -0.135 -0.152 -0.195 -0.034 -0.209∗∗∗ -0.175∗∗ -0.182∗∗

(0.396) (0.312) (0.181) (0.186) (0.186) (0.185) (0.126) (0.081) (0.076) (0.076)

Firm FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Year-Province FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Year-Industry FE ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Observations 4,770 6,490 26,424 19,346 19,346 4,773 6,496 26,481 19,382 19,382

Adjusted R2 0.796 0.805 0.802 0.814 0.814 0.928 0.936 0.918 0.934 0.934
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