
The effect of the carbon emission
trading scheme on a firm’s total
factor productivity: An analysis of
corporate green innovation and
resource allocation efficiency

Bo Wang, Maojia Yang* and Xiang Zhang*

Accounting School, Chongqing University of Technology, Chongqing, China

This study investigates the effect of the carbon emission trading scheme on a

firm’s total factor productivity in China. With a sample from 2008 to 2019,

applying the time-varying DID method, our empirical results reveal that the

carbon emission trading scheme significantly improves a firm’s total factor

productivity, which provides evidence for Porter’s hypothesis. Moreover, there

are two channels through which the total factor productivity is impacted: the

corporate green innovation channel and the resource allocation efficiency

channel. Furthermore, the impact of the carbon emission trading scheme is

more pronounced for private firms, and firms in the provinces with higher

institutional development, lower environmental quality, and greater law

enforcement of environmental protection tend to have larger total factor

productivity. Our models survive numerous robustness checks.
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1 Introduction

Nowadays, global warming is one of the biggest challenges all around the world, and it

is highly correlated with the development of the global economy. After the

implementation of the Tokyo Protocol, with the market mechanism, the concept of

carbon emission reduction has developed sustainably, and the carbon emission trading

scheme (ETS) has become extremely crucial for countries to control the carbon emission

(Anderson and Di Maria, 2011; Lin and Jia, 2019; Hu et al., 2020). The European Union

Emissions Trading Scheme (EUETS) is the most mature market for carbon emission,

which not only encourages emission reduction of firms but also helps Europe transform

into a low-carbon economy (Betz et al., 2006; Twomey et al., 2012).

As the biggest country of carbon emission in the world, China’s carbon emission

achieved 10 billion tons in 2018, which accounted for 28% of the global carbon emission.

At an early stage, China’s environmental regulation mainly consists of command-and-

control; however, the effect on emission reduction is weak, and the cost is high and
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unsustainable (Tang et al., 2020a; Cai and Ye, 2020). Under the

pressure of emission reduction, China tends to explore the

market-based mechanism to reduce carbon emission.

Compared with developed countries, the start of ETS in

China is relatively late, but the development of ETS is

relatively rapid. On 16th July 2021, the nation-wide ETS

formally started, with 2,162 firms in the electric power

industry being included in this system, which covers

approximately 4.5 billion tons of carbon emission. The

Chinese ETS has become the biggest carbon market in the

world. China’s ETS pilot started in 2013 in seven provinces,

namely, Shenzhen, Beijing, Shanghai, Guangdong, Tianjin,

Hubei, and Chongqing; eight industries are involved:

petrochemicals, paper, construction, electric power, chemical

industry, nonferrous metal mining, metals, and air transport.

Numerous studies investigated the impact of the ETS in

China, including air pollution reduction (Yan et al., 2020),

electricity regulation (Zeng et al., 2018), fixed asset changes

(Dong et al., 2022), carbon allowance allocation (Jin et al.,

2020), carbon leakage (Yu et al., 2021), economic growth with

low carbon transformation (Fan et al., 2016; Wang et al., 2019;

Zhu et al., 2020), and regional carbon equality (Zhang S. et al.,

2021). However, the impact of the ETS in China on a firm’s total

factor productivity (TFP) has been ignored in the current

literature, which is vital for the economic growth in the long

run (Krugman, 1995). In recent years, the sustainable growth of

China’s economy relies more and more on the improvement of

productivity instead of the accumulation of inputs, which forces

firms to accelerate the productivity (Islam et al., 2005; Jin et al.,

2018). Thus, it is substantially important to explore the impact

factor of a firm’s productivity, and China is experiencing a low-

carbon transformation; thus, understanding the impact of

emission reduction is crucial for China’s economic growth. As

a result, taking the ETS as a quasi-natural experiment, this study

attempts to investigate the impact of emission reduction in China

on a firm’s TFP.

With a sample from 2008 to 2019, applying the time-varying

DID method, our empirical results reveal that the carbon

emission trading scheme significantly improves a firm’s total

factor productivity, which provides evidence for Porter’s

hypothesis. Moreover, there are two channels through which

the total factor productivity is impacted: the corporate green

innovation channel and the resource allocation efficiency

channel. Furthermore, the impact of the carbon emission

trading scheme is more pronounced for private firms, and

firms in provinces with higher institutional development,

lower environmental quality, and greater law enforcement of

environmental protection tend to have larger total factor

productivity.

This study contributes to current studies in the following

aspects: first, we investigate the impact of ETS on TFP. Xiao et al.

(2021) also studied their relationship, but our research focuses on

corporate green innovation and resource allocation efficiency

channels which were not examined in previous studies. Second,

from the perspective of the econometric method, most studies

concerning the ETS apply the DID approach (Xiao et al., 2021;

Zhang and Wang, 2021; Sun et al., 2022), and these studies

consider 2013 as the year of policy implementation. However, in

reality, the year of policy implementation differs across different

provinces; thus, this study uses time-varying DID to identify the

impact of the ETS. Finally, the heterogeneity is considered. Xiao

et al. (2021) investigated industrial heterogeneity, and we extend

their research by examining the heterogeneity of corporate

ownership and provincial difference.

The remainder of this study is organized as follows. Section 2

provides a brief review of the literature. Section 3 describes the

research design. Section 4 analyzes the empirical results. Section

5 provides the robustness checks of our model. Finally, Section 6

concludes the study.

2 Literature review and hypothesis
development

2.1 Literature review

The studies on the ETS have attracted a lot of academic

attention; however, no consensus has been achieved. Some

researchers show that the emission reduction conducted by

environmental regulation not only increases corporate costs

but also crowds out other production and profitable

investment. Then, the emission reduction will eventually harm

corporate profit (Jorgenson and Wilcoxen, 1990; Jaffe et al.,

1995). Based on the data on the energy department in

Germany, Rogge et al. (2011) found that the EUETS does not

provide enough incentives for firms to innovate. Feng et al.

(2017) also showed that the ETS significantly impedes

corporate innovation, especially for firms in the non-

environmental industry.

Opposite opinions are also found in the current literature.

Porter and Vander Linde (1995) claimed that environmental

regulation can stimulate corporate innovation, and this is also

referred to as Porter’s hypothesis. Calel and Antoine

Dechezleprêtre (2012) found that a firm’s green innovation

improves by 10% due to the EUETS, and other patents are not

crowded out. The same results are found in Ireland and China

(Anderson et al., 2010; Lv and Bai, 2021). From the

perspective of financial performance, Jarait and Maria

(2016) proved that the profit is not affected by the EUETS,

and the economic performance of German manufacturers has

been improved (Lschel et al., 2018). Moreover, numerous

studies have shown that the EUETS does not have a

negative impact on a firm’s competitiveness (Demailly and

Quirion, 2008; Joltreau and Sommerfeld, 2016). Lutz (2016)

claimed that the EUETS is positively associated with TFP in

Germany.
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Numerous studies have investigated the impact of the ETS in

China. Some findings show that a firm’s competitiveness,

corporate excess return, and corporate performance are

positively correlated with the ETS (Wen et al., 2020; Luo

et al., 2021; Sun et al., 2022). Peng et al. (2021) found that the

SO2 emissions trading pilot has a positive impact on a firm’s TFP.

Xiao et al. (2021) found that the ETS can significantly improve

TFP, and firm’s operating channel and the profitability capacity

channel are investigated. Zhang Y. et al. (2022) showed that the

ETS significantly improves the green development efficiency and

regional carbon equality. Yu et al. (2021) found that the ETS has

accelerated both the depth and breadth of outward direct

investment from China.

2.2 Hypothesis development

Environmental problems exhibit negative externality, and

regulation is needed for environmental governance to internalize

the cost of externality. Dales (1968) proposed a public policy

relating to pollution by using a market-based mechanism, which

can adjust the negative externality of pollution. The market-

based price system has more advantages in terms of lower

pollution reduction cost and higher efficiency (Montgomery,

1972; Albrizio et al., 2017).

The ETS can improve a firm’s TFP in three aspects. First,

from the perspective of cost, the ETS will stimulate firms to lower

long-term emission costs in terms of low carbon technology

transformation and higher resource utilization efficiency

(Anderson et al., 2010; Feng et al., 2020). Traditional

environmental regulation increases a firm’s production cost,

and those policies rarely provide incentives for firms to

innovate; thus, the regulation cost of firms cannot be

cancelled out by corporate innovation, which, in turn, reduces

the firm’s productivity (Tang et al., 2020b; Cai and Ye, 2020). On

the contrary, the market-based ETS provides more flexibility, and

firms can choose the amount of carbon emission by comparing

the marginal cost of emission reduction and the carbon price,

which significantly reduces the cost of regulation (Albrizio et al.,

2017; Feng et al., 2020). Schmalensee and Stavins (2013) found

that the regulation cost of the SO2 emissions trading pilot

decreases by 15%–90% compared to traditional regulation

policies.

Second, from the perspective of benefit, the establishment of

the ETS has a positive impact on a firm’s income. First, firms with

low carbon emission can benefit from selling their carbon

emission quota. Second, firms are willing to invest more in

green innovation due to the ETS, and this makes firms

produce more green products and have higher environmental

responsibilities, which causes two consequences. The first one is

that the firm’s green products will have a higher value-added

benefit and more consumers, which increases sales and profit

(Xiao et al., 2021). The second one is that higher environmental

responsibilities will attract more investors, which increases the

firm’s market value (Wen et al., 2019; Zhang S. et al., 2021).

Finally, governments provide more subsidies for firms

participating in the ETS to encourage them in emission

reduction, which significantly reduces the firm’s cost.

Finally, from the perspective of operational efficiency, the ETS

will lead firms to make adjustments to their production and

management (Luo et al., 2021). On one hand, the ETS stimulates

firms to transform their way of production, and they tend to produce

innovative products with low energy consumption, which, in turn,

increases the TFP and the final production (Lutz, 2016). On the other

hand, the ETSwill lead firms to investmore in the capital with higher

energy efficiency and reduce the investment in energy and labor

force, which increases the total productivity.

Based on the aforementioned arguments, we propose the

following hypothesis:

Hypothesis 1. ETS will improve a firm’s TFP.

3 Research design

3.1 Sample selection

This study selects listed firms from the Chinese stock market

in the following industries: petrochemicals, paper, construction,

electric power, nonferrous metal mining, metals, and air

transport. The data on the firm’s green patents are obtained

from the State Intellectual Property Office, and the other data are

extracted from the China StockMarket and Accounting Research

(CSMAR) database. Moreover, we excluded those firms marked

ST and PT. Our final sample contains 652 firms and

4,394 observations, our dataset is unbalanced due to missing

values, and the data are winsorized at the 1% and 99% levels.

3.2 Dependent variable

Our dependent variable is the TFP, and tomeasure it, we start

with the Cobb–Douglas production function, which is presented

as follows:

Yit � AitL
α
itK

β
it, (1)

whereY denotes the output; L andK present the labor and the capital,

respectively; andA is the productivity. We take the natural logarithm

on both sides, and the following equation is obtained:

lnYit � α ln Lit + β lnKit + uit, (2)

where uit contains the information on the firm’s TFP. The OP

method and LP method are widely applied to measure the TFP in

current studies. The OP method requires positive real

investment, which results in missing observations (Olley and
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Pakes, 1996). Real investment is not used in the LP method; the

input of intermediary goods is used instead; thus, missing

observations are much less, and the endogeneity problem is

also relieved (Levinsohn and Petrin, 2003). As a result,

following Tang et al. (2020a) and Xiao et al. (2021), the LP

method is applied in this study. Moreover, the firm’s Y is

measured by corporate sale; L is measured by cash paid to

employees; compared with the number of employees, this

measure can better reflect the cost of labor; K is the sum of

fixed assets and intangible assets; the intermediary input is

measured by cash used to purchase merchandise and labor.

Following Eq. 2, the natural logarithm of residuals uit is the

firm’s TFP (TFP_LP).

3.3 Independent variables

To identify the impact of the ETS, we construct a dummy

variable DIDit, which is the product of time dummy and the

dummy of the ETS. Thus, DIDit equals 1 if the province where

firm i is located implements the ETS at year t; otherwise, it is 0.

More specifically, if the ETS is implemented in the first half of the

year in this province, then we consider this year as the first year of

the ETS, and if the ETS is implemented in the second half of the

year in this province, then next year will be considered as the first

year of the ETS. Table 1 shows the year of implementation of

the ETS.

Based on the current studies, the following control variables

are included in our model: firm size (Size), leverage ratio (Lev),

corporate growth ability (Growth), Tobin’s Q (TQ), return on

assets (ROA), firm’s age (Age), and equity concentration (Top

10). The detailed definition is given in Table 2. Moreover,

industry- and year-fixed effects are controlled, and the

interaction effect between the industry and year and the

interaction effect between the province and year are also

included.

3.4 Model specification

As we can see in Table 1, the implementation of the ETS

differs across different provinces; thus, to better identify the

impact of the ETS, the time-varying DID method is used in this

study. Our model is specified as follows:

TFP LPit � β0 + β1DIDit +∑ βiXit + Year + Industry

+ Industry*Year + Regions*Year + εit, (3)

where TFP LP presents the firm’s TFP computed by the LP

method, DID denotes the impact of the ETS, X is the set of

control variables, and ε shows the random errors. Both year- and

industry-fixed effects are included, the interaction between the

year and industry is also controlled, and the interaction between

the province and year is included as well.

Table 3 shows the descriptive statistics, and it can be seen that

the mean of TFP LP is 12.04 with a standard deviation of 0.882.

Then, the mean ofDID is 0.158, whichmeans that 15.8% of firms

in our sample participate in the ETS.

4 Empirical results

4.1 The impact of the ETS on a firm’s TFP

Table 4 shows the impact of the ETS on the TFP of firms;

column 1 shows the impact of DID on TFP_LP without control

variables, and all control variables are added in column 2. As we

specified in Eq. 3, four other fixed effects are added as well.

Our empirical results show that the coefficients of DID in

both columns are significantly positive, which means that the

ETS and TFP_LP are positively correlated. The ETS can

significantly improve the firm’s TFP, which is in line with our

expectations and coincides with the conclusion of Lutz (2016)

and Xiao et al. (2021), and we provide evidence for Porter’s

hypothesis.

TABLE 1 Year of implementation of the ETS for different provinces.

Province Year of implementation
of the ETS

First year of DIDit

equals 1

Shenzhen 2013.06 2013

Shanghai 2013.11

Beijing

Guangdong 2013.12 2014

Tianjin

Hubei 2014.04

Chongqing 2014.06

TABLE 2 Definitions of the variables.

Variable Definition

TFP_LP TFP computed by the LP method

DID Dummy variable of the product of the time dummy and the dummy
of the ETS: it equals 1 if the province where firm i is located
implements the ETS at year t; otherwise, it is 0

Size Natural logarithm of total assets

Lev Total liabilities divided by total assets

Growth Growth rate of sales

TQ Tobin’s Q

ROA Return on assets of firms

Age Natural logarithm of the number of years since the incorporation of
the firm

Top 10 Percentage of shares held by the top 10 shareholders
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In terms of control variables, the coefficient of SIZE is

significantly positive; thus, larger firms tend to have higher TFP.

The coefficients of Growth and ROA are also positive, which shows

that firms with higher profitability are likely to have funds to finance

corporate innovation; thus, they are more productive. Firms with a

higher age tend to have greater productivity since they may be

featured with better corporate governance, which further helps

improve the TFP. The coefficient of Top 10 is negative; thus, a

larger equity concentration reduces the firm’s TFP.

4.2 Robustness of the baseline results

We conducted some sensitivity tests to check the robustness

of our main findings.

4.2.1 Verifying the parallel trend assumption
To verify the parallel trend assumption, we conducted a

dynamic DID analysis, and the results are presented in Table 5.

Our findings show that the impact of the ETS is not significant for

the 4 years before the implementation of the ETS, which claims

that the TFP of both treatment and control firms does not differ

before the ETS. In addition, the impact of the ETS is significantly

positive for the 4 years after the implementation of the ETS,

which means that the ETS improves the firm’s TFP, and this

improvement is maintained. Our results show that the parallel

trend assumption is satisfied.

TABLE 3 Descriptive statistics of the variables.

N Mean SD Min Max Median

TFP_LP 4,394 12.04 0.882 7.831 14.67 11.97

DID 4,394 0.158 0.365 0 1 0

Size 4,394 22.49 1.374 19.66 26.41 22.31

Lev 4,394 0.495 0.205 0.056 0.997 0.504

Growth 4,394 0.155 0.390 -0.543 4.370 0.092

TQ 4,394 1.737 0.999 0.800 11.42 1.432

ROA 4,394 0.031 0.061 -0.353 0.339 0.029

Age 4,394 11.71 6.293 2 26 12

Top10 4,394 56.72 15.51 14.82 90.61 56.59

TABLE 4 Results of the impact of the ETS on a firm’s TFP. Dependent
variable: TFP_LP.

(1) (2)

DID 0.117*** 0.092**

(2.843) (2.571)

Size 0.277***

(8.955)

Lev −0.055

(−0.581)

Growth 0.187***

(7.494)

TQ −0.011

(−0.933)

ROA 1.321***

(7.824)

Age 0.118*

(1.939)

Top 10 −0.002**

(−2.142)

_cons −30.835 −47.322

(−0.890) (−1.429)

Year Yes Yes

Ind Yes Yes

Ind*year Yes Yes

Province*year Yes Yes

N 4,394 4,394

Adj_R2 0.252 0.469

Note: *** indicates significance at the 1% level, ** indicates significance at the 5% level,

and * indicates significance at the 10% level. Standard errors are reported in parentheses.

TABLE 5 Dynamic effect of the ETS on a firm’s TFP.

(1) (2)

DIDi,t−4 −0.072 −0.077

(−1.141) (−1.354)

DIDi,t−3 −0.084 −0.041

(−1.564) (−0.830)

DIDi,t−2 −0.057 −0.047

(−1.254) (−1.156)

DIDi,t−1 −0.043 −0.015

(−1.358) (−0.552)

DIDi,t+1 0.080** 0.065**

(2.281) (2.393)

DIDi,t+2 0.124** 0.115***

(2.570) (2.835)

DIDi,t+3 0.109* 0.139***

(1.837) (2.764)

DIDi,t+4 0.109* 0.125**

(1.684) (2.264)

_cons −31.413 −47.983

(−0.908) (−1.459)

Control No Yes

Year Yes Yes

Ind Yes Yes

Ind*year Yes Yes

Province*year Yes Yes

N 4,394 4,394

Adj_R2 0.254 0.470

Note: *** indicates significance at the 1% level, ** indicates significance at the 5% level,

and * indicates significance at the 10% level. Standard errors are reported in parentheses.
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4.2.2 Alternative measures of variables
First, we use the OP method to recompute the TFP. More

specifically, capital expenditure is used to measure corporate

investment. Empirical results are reported in column 1 of Table 6,

the coefficient of DID is significantly positive, which is in line

with the results of TFP_LP, and the ETS can significantly

improve the firm’s TFP.

Second, after the first seven provinces implemented the ETS, two

other provinces also implemented the ETS in December 2016; thus,

we added these two provinces to our baseline model. The results are

reported in column 2 of Table 6, and the coefficient of DID is still

significantly positive, which coincides with the results of Table 4.

4.2.3 Counterfactual test
We also conducted a counterfactual test. More specifically,

we took the year of implementation of the ETS 3 years ahead, and

the empirical results are presented in column 3 of Table 6.

Industry- and year-fixed effects are controlled, and the

interaction effect between the industry and year and the

interaction effect between the region and year are also included.

From column 3 of Table 6, the coefficient of DID is positive

but insignificant, which indicates that the impact of the ETS on

the firm’s TFP is statistically insignificant if the year of

implementation of the ETS is 3 years ahead. This coincides

with our expectation that the improvement of the firm’s TFP

is due to the implementation of the ETS.

4.2.4 Propensity score matching method
The characteristics of firms in the province with the ETS may

differ from those in the province without the ETS. To overcome the

sample selection problem, we used the propensity score matching

(PSM) method to form a treatment group and a control group. The

results are shown in column 4 of Table 6, where the ATT value is

significant at a 10% level, and the coefficient of DID is significantly

positive; thus, the PSM-DID method also provides the same result

that the ETS significantly improves the TFP.

5 Mechanism analysis

Our findings show that the ETS can significantly improve a

firm’s TFP, and these findings survive numerous robustness

checks. This section will further investigate the channels

through which the TFP is impacted.

5.1 Corporate green innovation

As Porter’s hypothesis states, environmental regulation

can stimulate corporate innovation, and it will reduce the cost

of firms by energy saving and quality improvement, which

will further improve corporate competitiveness (Porter and

VanderLinde, 1995). The ETS internalize the environmental

externality into the firm’s cost. Thus, to save the quota of

carbon emission, firms tend to innovate for emission and

production cost reduction. Thus, corporate green innovation

will increase (Feng et al., 2020). Meanwhile, the government

will provide sustainably dynamic economic incentives

(Perman et al., 2011), and firms with green innovation

may sell quotas for extra benefits, which, in turn,

stimulates the R&D in green technology (Feng et al.,

2020). Moreover, the ETS is a market-based environmental

TABLE 6 Robustness of the baseline results.

Alternative measures of variables Counterfactual test PSM-DID

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

TFP_OP TFP_LP TFP_LP TFP_LP

DID 0.101*** 0.081*** 0.019 0.099***

(2.830) (2.631) (0.444) (2.878)

_cons −22.778 −46.894 −46.802 −37.125

(−0.563) (−1.413) (−1.401) (−0.554)

Control Yes Yes Yes Yes

Year Yes Yes Yes Yes

Ind Yes Yes Yes Yes

Ind*year Yes Yes Yes Yes

Province*year Yes Yes Yes Yes

N 4,394 4,394 4,394 2,941

Adj_R2 0.290 0.469 0.467 0.496

ATT 1.91

Note: *** indicates significance at the 1% level, ** indicates significance at the 5% level, and * indicates significance at the 10% level. Standard errors are reported in parentheses.
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regulation, and involved firms can easily obtain information

on green technology. This largely decreases the risk of

corporate innovation, and it also helps firms apply green

innovation into production practice; thus, the ability of

corporate green innovation will be enhanced (Feng et al.,

2020). As a result, corporate green innovation has a

mediation effect between the ETS and the firm’s TFP.

To measure corporate green innovation, we used the green

patents (patent) applied by listed firms. Following Sobel (1982)

and Baron and Kenny (1986), the three-step regression

procedure was used, and the following regressions were

estimated:

Patentit � β0 + β1DIDit +∑ βiXit + Year + Industry

+ Industry*Year + Regions*Year + εit, (4)
TFP LPit � β0 + β1DIDit + β2Patentit +∑ βiXit + Year

+ Industry + Industry*Year + Regions*Year

+ εit.

(5)
Empirical results are reported in columns 1 and 2 of

Table 7. Column 1 shows that the coefficient of DID is

0.145 with a significance level of 10%, which reveals that

the green patents increase by 14.5% after the ETS. Our

findings are consistent with those of Anderson et al.

(2010) and Lv and Bai (2021). Column 2 shows that the

coefficients of the patent and DID are both significantly

positive; thus, green innovation has a partial mediation

effect. In addition, the Sobel test also proves that the

mediation effect of the patent is significant.

5.2 Resource allocation efficiency

The ETS will lead technology and fund low-carbon firms.

Then, the quota of carbon emission will flow from firms with

high pollution to firms with low pollution, and production

factors will flow from less-productive firms to more-

productive firms; thus, firms with high productivity will

obtain more production resources. Moreover, firms with

high emission will face high environmental costs under the

ETS, and considering emission reduction cost and economic

profit, firms will tend to reallocate the production factors, and

they will invest more in sectors with clean technology and

high efficiency (Brandt and Biesebroeck, 2009; Klenow and

Hsieh, 2009), which will further improve the TFP of firms

(Feng et al., 2020).

We applied the investment efficiency proposed by

Richardson (2006) to measure the resource allocation

efficiency. The investment efficiency is defined as the

difference between the actual investment level and the

expected investment level of firms, which is estimated as follows:

Invi,t � β0 + β1Growthi,t−1 + β2Sizei,t−1 + β3Levi,t−1 + β4Cashi,t−1

+ β5Agei,t−1 + β6Ri,t−1 + β7Investi,t−1 + εi,t,

(6)
where Inv is calculated as the ratio of gross capital expenditure to

total assets. Growth denotes Tobin’s Q. Size is defined as the

natural logarithm of total assets. Lev represents the leverage of

firms.Cash is the operational cash flow scaled by total assets.Age

is defined as the natural logarithm of the listed years. R represents

the annual return of stock prices. Residuals indicate the extent to

which the firm deviates from the optimal investment; in this

study, the absolute value of residuals is used to measure the

investment efficiency (Efficiency). More specifically, higher

efficiency indicates lower investment efficiency.

Following Sobel (1982) and Baron and Kenny (1986), the

three-step regression procedure was used, and the following

regressions were estimated:

Efficiencyit � β0 + β1DIDit +∑ βiXit + Year + Industry

+ Industry*Year + Regions*Year + εit,

(7)
TFP LPit � β0 + β1DIDit + β2Efficiencyit +∑ βiXit + Year

+ Industry + Industry*Year + Regions*Year

+ εit.

(8)
Empirical results are reported in columns 3 and 4 of Table 7.

Column 3 shows that the coefficient of DID is negative but

insignificant. Column 4 shows that the coefficients of efficiency

and DID are both significant. Moreover, the Z-statistics of the

Sobel test is greater than 0.97, which proves that the mediation

effect of efficiency is significant.

6 Heterogeneity analysis

This section will further investigate the heterogeneity in

terms of corporate ownership and provincial difference.

6.1 Corporate ownership

In the Chinese stockmarket, there are numerous state-owned

companies (SOEs), and compared with private firms, their

reaction to the ETS differs. First, SOEs undertake social and

political burdens; thus, they are less sensitive and less active in

facing environmental regulations and innovation incentives

(Peng et al., 2021). Second, SOEs are less motivated to

improve the efficiency; thus, it is more difficult for them to

reform. Thus, the impact of the ETS will be more pronounced for

private firms. Empirical results are presented in columns 1 and

2 of Table 9. Our findings show that the impact of the ETS is
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significantly positive for private firms, whereas it is insignificant

for SOEs.

6.2 Provincial difference

6.2.1 Institutional development
The impact of the ETS is highly correlated with the provincial

development of institutions. When institutions are more

developed, the ETS will also be more market-oriented, and

transaction cost due to information asymmetry will decrease;

thus, the efficiency of transactions will be greater. To measure

institutional development, following Zhang et al. (2022), we used

the National Economic Research Institute (NERI) marketization

index proposed by Wang et al. (2018). Furthermore, we split the

sample into two subsamples, one containing provinces whose

NERI index is greater than the mean of the NERI index for all

provinces and the other one containing provinces whose NERI

index is lower than their mean value. Empirical results are

presented in columns 3 and 4 of Table 9. The impact of the

ETS is significantly positive in the subsample with a higher NERI

index; however, this impact is insignificant in the subsample with

a lower NERI index. Thus, the impact of the ETS is greater in

provinces with higher institutional development.

6.2.2 Provincial environmental quality
Provincial environmental quality has a great impact on the

policy effect of the ETS. In the provinces with low environmental

quality and high pollution, the enforcement of environmental

regulation is much higher, and the environmental cost of firms is

larger. Thus, firms in these provinces are more motivated by

green technology and green production. As a result, the impact of

the ETS will be more pronounced for provinces with lower

environmental quality. To measure the environmental quality,

we used the CO2 emission per person of each province from

2008 to 2012. More specifically, provinces whose CO2 emission is

above the median are classified as provinces with low

environmental quality; otherwise, they are provinces with high

TABLE 7 Regression results for the corporate green innovation channel and the resource allocation efficiency channel.

Corporate green innovation Resource allocation efficiency

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

Patent TFP_LP Efficiency TFP_LP

DID 0.145* 0.089** −0.002 0.091**

(1.771) (2.494) (−0.246) (2.575)

Patent 0.016*

(1.811)

Efficiency −0.317***

(−4.274)

_cons −43.224 −46.615 9.440** −44.326

(−1.390) (−1.412) (2.195) (−1.327)

Control Y Y Y Y

Year Y Y Y Y

Ind Y Y Y Y

Ind*year Y Y Y Y

Province*year Y Y Y Y

N 4,394 4,394 4,394 4,394

Adj_R2 0.051 0.487 0.026 0.467

Sobel Z = 1.367 > 0.97 Z = 1.775 > 0.97

Note: *** indicates significance at the 1% level, ** indicates significance at the 5% level, and * indicates significance at the 10% level. Standard errors are reported in parentheses.

TABLE 8 Classification of provinces with environmental quality.

Low environmental quality High environmental quality

Hebei, Heilongjiang, Jilin, Jiangsu, Liaoning, Neimenggu, Ningxia, Qinghai,
Shandong, Shanxi, Shaanxi, Shanghai, Tianjin, Xinjiang, and Zhejiang

Anhui, Beijing, Fujian, Gansu, Guangdong, Guangxi, Guizhou, Hainan, Henan,
Hubei, Hunan, Jiangxi, Sichuan, Yunnan, and Chongqing
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TABLE 9 Heterogeneity analysis.

SOE Private High
institutional
development

Low
institutional
development

High
environmental
quality

Low
environmental
quality

High
environmental
regulation

Low
environmentalregulation

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

DID 0.058 0.096* 0.091** −0.011 0.143** 0.026 0.075* 0.015

(1.303) (1.739) (2.126) (-0.146) (2.154) (0.639) (1.704) (0.232)

_cons −23.258 159.503* −79.671** 16.225 15.775 −100.123*** −52.856 36.796

(−0.636) (1.964) (−2.196) (0.216) (0.256) (−2.596) (−1.517) (0.572)

Control Yes Yes Yes Yes Yes Yes Yes Yes

Year Yes Yes Yes Yes Yes Yes Yes Yes

Ind Yes Yes Yes Yes Yes Yes Yes Yes

Ind*year Yes Yes Yes Yes Yes Yes Yes Yes

Province*year Yes Yes Yes Yes Yes Yes Yes Yes

N 2,498 1862 2058 2,336 2,163 2,226 3,134 1,260

Adj_R2 0.468 0.562 0.471 0.473 0.445 0.509 0.478 0.470

Note: *** indicates significance at the 1% level, ** indicates significance at the 5% level, and * indicates significance at the 10% level. Standard errors are reported in parentheses.
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environmental quality. Precise provinces are detailed in Table 8.

Empirical results are reported in columns 5 and 6 of Table 9. The

impact of the ETS is significantly positive in provinces with low

environmental quality and insignificant in provinces with high

environmental quality.

6.2.3 Enforcement of environmental regulation
The enforcement of environmental regulation maintains the

function of the ETS. Enhanced enforcement of environmental

regulation increases the cost of breaking laws, and then, it

decreases the likelihood of exerting illegal emission for firms;

thus, the system of the ETS can be well implemented. We used

the number of environmental punishments to measure the

enforcement of environmental regulation. The data were

collected from the China Environment Yearbook.

Furthermore, we split the sample into two subsamples, one

containing provinces whose number of environmental

punishments is greater than the mean of environmental

punishments for all provinces and the other one containing

provinces whose number of environmental punishments is

lower than their mean value. Empirical results are presented

in columns 7 and 8 of Table 9. The impact of the ETS is

significantly positive in the subsample with more

environmental punishments; however, this impact is

insignificant in the subsample with fewer environmental

punishments. Thus, the impact of the ETS is greater in

provinces with higher enforcement of environmental regulation.

7 Conclusion

This study investigates the impact of the ETS on a firm’s TFP

using the time-varying DIDmethod. Our empirical results found

that the ETS can significantly improve the TFP of firms, and these

findings are consistent after numerous robustness checks.

Moreover, we further tested two channels through which

the TFP is impacted: the corporate green innovation channel

and the resource allocation efficiency channel. Our findings

showed that both channels exist. On one hand, the ETS

stimulates the firm’s green innovation, and the green

innovation reduces the firm’s cost, which further improves

the productivity of firms; on the other hand, the ETS improves

resource allocation efficiency, production factors flow to

sectors with high efficiency and clean technology, and then,

the TFP of firms improved.

In addition, we analyzed the heterogeneity. First, in terms of

corporate ownership, the impact of the ETS is significantly

positive for private firms, whereas this impact is insignificant

for SOEs. Moreover, from the perspective of regional differences,

the impact of the ETS is more pronounced in provinces with

more development of institutions, lower environmental quality,

and higher enforcement of environmental regulation.
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