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Did the “double carbon” policy
Improve the green total factor
productivity of iron and steel
enterprises? a quasi-natural
experiment based on carbon
emission trading pilot

Weilong Xu, Chenijiu Jiang, Kaiwei Jia* and Xiaoyi Yu

School of Business Administration, Liaoning Technical University, Huludao, China

Based on the data of listed companies in China's iron and steel industry from
2007 to 2020, the article investigates the impact mechanism and the path of
action of China’s carbon emissions trading pilot on the green total factor
productivity of iron and steel enterprises by constructing a multi-period
difference-in-difference model difference-in-differences. The study finds that:
1) China’s iron and steel enterprises significantly improve their green total factor
productivity driven by the carbon trading pilot, and the findings pass the
corresponding robustness tests. 2) the mechanism analysis indicates that the
carbon trading pilot promotes the green total factor productivity of iron and steel
enterprises by forcing the technological progress of enterprises. 3) The
heterogeneity analysis shows that the positive effect is more significant for
large iron and steel enterprises with high social responsibility rating and high
local government competition intensity, but not for small enterprises with low
social responsibility rating and low local government competition intensity. 4) the
dynamic effect shows that there is a certain lag in the promotion effect of the
carbon emission trading pilot on the green total factor productivity of iron and
steel enterprises, but its long-term effect is more obvious. This paper puts forward
corresponding suggestions for accelerating the construction of a national unified
green and low-carbon market system and actively promoting the deepening of
the “dual-carbon” goal.

KEYWORDS

“double carbon” policy, iron and steel enterprises, green total factor productivity, carbon
emission trading pilot, DID

1 Introduction

As global warming and traditional energy consumption continue to intensify (De and
Sue, 2019; Shankar et al,, 2016), China is actively exploring new economic development
models, gradually realizing the goal of “double carbon” (Hua et al., 2022; Tan et al., 2023),
contributing to high-quality economic development (Li and Liu, 2023; Wei and Zhang,
2023), making green the base color of high-quality economic development, and improving
the green total factor productivity of enterprises (Zhang et al., 2022; Liu et al., 2023a). In this
context, China has introduced “dual carbon” policies and institutional arrangements one
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after another (Cao et al.,, 2020; Qi and Han, 2023; Zhu and Ma,
2023). Among them, in order to build a nationwide unified green
low-carbon market system, China has launched a market-oriented
policy tool of carbon emission trading pilot (Liu et al., 2022a; Cui
et al,, 2022). Shenzhen, Shanghai, Beijing, Guangdong and Tianjin
launched carbon trading pilot projects in 2013. In 2014, Chongqing
and Hubei also launched the trading and performance of the carbon
emission trading market. In December 2016, Fujian Province
launched its carbon emissions trading market, becoming the
eighth carbon emissions trading pilot in China (Liu et al., 2022b;
Huang, 2023; Rao et al., 2023). With the gradual maturity of China’s
carbon emission institutional mechanism and trading system, the
national carbon emission trading market for the power generation
industry was officially launched on 16 July 2021 (Gai et al., 2018; Ma
and Duan, 2023), and on 22 February 2021, the Department of
Climate Change of the Ministry of Ecology and Environment clearly
pointed out that the iron and steel industry is the third most
important industry to be included in the national carbon market
after the power and building materials industries (Tian et al., 2022;
Lietal, 2023). As the world’s largest iron and steel producer, many
domestic iron and steel companies have made active attempts in
carbon trading. So, can the “double carbon” policy improve the
green total factor productivity of iron and steel enterprises? What is
the mechanism of the “dual carbon” policy to improve the total
factor productivity of enterprises?

The relationship between energy, the environment, and
economic growth has received widespread attention in scientific
research in recent years (Naecem et al., 2022; Duan et al., 2023a;
Naecem et al, 2023; Ren et al, 2023), yet environmental
sustainability remains a global issue. The development of
renewable energy (Zhang and Wang, 2019; Adebayo et al., 2022),
green technology innovation (Du et al., 2019; Habiba et al., 2022),
(Abbas et al, 2021;
Annamalaisamy and Vepur Jayaraman, 2023) contribute to

and regulatory policy mechanisms

reducing  greenhouse  gas  emissions and  supporting
environmental sustainable development. Xu et al. (2023) found
that green technology innovation and environmental regulation
are the most effective ways to achieve zero emissions. Ali et al.
(2021) argued that in the long run, if decision-makers do not take
adequate and timely measures, emergencies could negatively impact
the environment. Rauf et al. (2023) suggest that governments should
adopt environmentally sustainable economic policies to reduce
carbon emissions while attracting environmental protection
technologies and encouraging investment in renewable energy
projects to enhance regional environmental quality. Ali et al
(2022) found that green innovation aids BRICS countries in

achieving their goal of environmental sustainability. Abbas et al.

(2022)  believe that BRICS should design market-based
environmental ~ regulatory  policies,  emphasizing  the
implementation of environmental taxes, and expanding

renewable energy development and investments in environmental
innovation are key to limiting carbon dioxide emissions and
achieving environmental sustainable development. Wen et al.
(2021) found that green innovation significantly improved South
Asia’s environmental quality. Sheng Yin and Hussain, 2021
empirically found that political stability, rule of law, regulatory
quality, and corruption control are statistically significant factors
affecting renewable energy investment in BRI countries. Hu et al.
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(2021) suggest policymakers should encourage ASEAN countries to
invest in renewable energy to promote green trade openness.
Carbon emission trading is a policy introduced by nations for a
green transformation of industrial structures (Zang et al., 2020),
hoping to internalize the externalities of carbon emissions (Du et al.,
2021), thereby achieving low-carbon targets (Liu et al., 2023b).
Many scholars have discussed carbon emission trading
extensively and in-depth. Research on the impact of carbon
emission trading on green development has mostly focused on its
relationship with green technology innovation (Liu et al., 2022a; Cui
etal, 2022). The EU’s carbon emission trading system (EU ETS) has
been the subject of foreign research, where the low-carbon
technology patenting has increased by 10% since 2005 without
growing out effect, considered to be the largest cap-and-trade
program (Calel and Dechezleprétre, 2016). EU ETS entered a
new phase in 2013 with auction-based quota allocation, having
stronger renewable technology innovation capabilities (Qi and
Zhang, 2019). Researchers at home and abroad began to pay
attention to the carbon price dynamics, especially the carbon
price prediction. Duan et al. (2023b) found that the carbon
market has a unidirectional risk spillover to both traditional and
green asset markets, and the outbreak of COVID-19 pandemic has
strengthened cross-market risk spillover effects. Wang et al. (2020)
through the method of synthetic control, explored that carbon
trading can promote low-carbon technological innovation, and
the synergy between carbon trading market and regional
industrial structure upgrading is also an important driving force
for low-carbon technological innovation. Huang et al. (2023) found
that after COVID-19 pandemic, Bitcoin’s investment shelter role for
distinctive assets was enhanced and expanded, while green assets
have consistently acted as an effective hedge for Bitcoin. From a
micro perspective, quota allocation and price signaling perspectives
differ. From the perspective of quota allocation, the quota allocation
method can be divided into free distribution and paid distribution.
In the free distribution method, Song et al. (2021) discussed the
influence of benchmark method and historical method on corporate
green technology innovation, finding the benchmark method is
more prominent in driving green technology innovation, the
historical method has “whipping fast cow” effect. Zhu et al
(2019) discovered different quota allocation structures impact
corporate green technology innovation, with innovation capacity
clearly stronger in companies with large-scale allocations compared
to ratio-based ones. From the perspective of price signals, Wang
(2016) divided carbon emission right trading into pure market
trading, non-market trading and mixed trading by constructing
measurement models. At the same time, it studied the mechanism of
clean technology progress bias from different perspectives. The
results show that the price increase of limited resources can
promote the occurrence of clean technology bias effect. Jiakui
et al. (2023) found that establishing green finance legislation
accelerates green finance development, thus enhancing corporate
green total factor productivity. Meng and Han (2017) used different
theories and research methods, analyzed the effect of low-carbon
innovation subsidies, carbon taxes, and carbon trading on low-
carbon innovation, finding that optimal results require reasonable
application of all three policy tools, and corporate low-carbon
with
fluctuations. Tong et al. (2022) empirical study found that

technology innovation evolves carbon trading price
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increasing the intensity of environmental regulation will
significantly improve China’s green productivity.

Empirical research on carbon emission trading’s impact on
green total factor productivity mainly uses the difference-in-
differences model (Tang et al., 2021; Hua et al., 2022; Cheng and
Meng, 2023). However, different scholars have used different
research dimensions, with most using provincial-level data.
Zhang and Qiao (2021) took the carbon emission right trading as
the experimental object, on the basis of measuring the green total
factor productivity of the Chinese manufacturing industry in
30 provinces from 2009 to 2017, studied the effect of carbon
emission trading on the manufacturing industry’s green total
factor productivity using the propensity score matching
difference-in-differences method (PSM-DID), concluding that the
green total factor productivity of manufacturing industry is
gradually improved by the influence of environmental regulation.
Chen and Chen (2022) based on 2000-2018 panel data from
30 provinces and cities, using DID and PSM-DID models,
discussed the changes in green total factor productivity in china’s
provinces, although not specific to cities, they are divided into
different industries, concluding that carbon emission trading
policies positively affected China’s industrial green total factor
productivity, thus promoting the improvement of China’s
industrial green total factor productivity. Qi et al. (2021) used the
DID model for empirical analysis on 30 provinces and cities,
showing that the policy significantly reduced carbon emissions in
pilot areas. A few studies have focused on enterprises or industry-
specific research. Zhang and Zhang (2021) also based on carbon
emissions trading, but they chose China’s manufacturing listed
companies from 2009 to 2020 as samples, using the difference-
in-differences method for empirical analysis, which showed that
carbon emission trading pilots improved the total factor
productivity of manufacturing listed companies. Hu and Ding
(2020) comprehensively analyzed China’s listed companies from
2006 to 2017 using the difference-in-differences model, including
robustness tests with parallel trends, lagging two periods,
and verified different
company nature effects using the triple difference method.

instrumental variables, and placebo,
Finally, the mediation and moderation effect method is used to
test the mediation effect of carbon trading and total factor
productivity, and to investigate the mediation effect of regulation
under the influence of green innovation, market and government
subsidy.

In this paper, we use a multi-period DID approach to
empirically test the above issues by considering the carbon
emissions trading pilot as a quasi-natural experiment of the “dual
carbon” policy. The research on the above issues is of great
theoretical and practical significance to scientifically evaluate the
implementation effect of the carbon trading pilot, and clarify the
mechanism of carbon trading pilot affecting the green total factor
productivity of enterprises.

2 Theoretical analysis and research
hypothesis

In the pilot market of carbon emission trading, carbon emission
rights are given commodity attributes, i.e., the rational allocation of
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resources among enterprises is achieved through free circulation. As
a market-incentivized environmental regulation tool in China, the
carbon emission trading pilot uses the market price mechanism to
internalize the negative externality costs of environmental pollution
and achieve equal marginal abatement costs among economic agents
in order to reduce carbon emissions of enterprises in the pilot region
2020; Hu et al, 2020). Unlike traditional
command-based environmental regulatory instruments, firms

(Germeshausen,

participating in the pilot carbon trading market have the
flexibility to decide whether to continue production until the
marginal cost of emission reduction is in line with the current
trading price (Dai, 2019; Niizawa et al., 2020), without fear of
shutting down production or paying a penalty higher than the
marginal However, with the
increasingly stringent allocation of carbon allowances in various

cost of emission reduction.
pilot carbon trading markets, although enterprises can respond by
actively reducing production or purchasing corresponding carbon
credits in the carbon trading market, in the long run, these measures
largely run counter to their goal of profit maximization (Hu et al,
2020; Tanaka et al., 2020). At the same time, as an important market
incentive and environmental regulation tool to achieve the “double
carbon” target in China, the carbon emission trading pilot will play
its role in the long run. Under this circumstance, iron and steel
enterprises, which are the major consumers of energy and resources,
will take the optimization of their own resources as the starting point
to readjust and optimize the allocation of relevant factors in their
production and operation activities, so as to withdraw more factors
and resources from energy-consuming projects and shift to cleaner
production, in order to reduce their total carbon emissions and
promote their green total factor productivity by improving their own
resource allocation efficiency. Thus, this paper proposes
hypothesis 1:

H1. Pilot carbon trading can improve green total factor productivity
of iron and steel enterprises.

Further, from the design rules of the pilot carbon emission
trading market, for those enterprises with carbon emission
reduction cost advantage in the pilot carbon emission trading
region, they can gain additional revenue by selling their excess
carbon emission allowances. At the same time, dominated by the
cost advantage of carbon emission reduction, enterprises with the
cost disadvantage of carbon emission reduction will also actively
engage in low-carbon technology innovation and make efforts to
reduce carbon emissions. Therefore, based on the optimal incentive
mechanism inherent in the trading market, the implementation of
the pilot carbon emission trading can not only promote carbon
emission reduction by enterprises with the cost advantage of carbon
emission reduction but also stimulate enterprises facing higher costs
to continuously improve their low-carbon level. This, in turn,
encourages firms to increase their R&D investments and promote
improvements in their production technologies and product quality
(Qi et al., 2018; Saether et al., 2021).

According to Figure 1, under the stricter environmental
regulation constraints caused by carbon trading, once the
production and operation of iron and steel enterprises cause
carbon emissions to exceed their quotas, they need to
compulsorily purchase the excess carbon dioxide emission rights,

which increases their production costs and thus poses a serious
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FIGURE 1
Map of the impact mechanism of the carbon emission trading pilot.

challenge to the market competitiveness of high carbon emitting
enterprises. In order to alleviate the pressure of increased production
costs caused by the purchase of carbon emission rights, high carbon
emitting enterprises need to increase their investment in process
innovation and improve their motivation to carry out process
innovation. The more dominant they are in clean technology
research and development, the more high-carbon emitters will
save on the cost of purchasing carbon credits in the carbon
trading market. Therefore, process innovation has become one of
the important ways for high-carbon-emitting enterprises to save
production costs and improve their competitiveness in the market.

Low-carbon emission enterprises can reduce carbon dioxide
emissions through advanced production technologies and clean
production processes, and sell the saved carbon emission rights
to high-carbon emission enterprises, making additional profits in
the pilot carbon emission rights trading. When the benefits of the
transfer of carbon emission rights exceed the cost of technological
innovation, low-carbon enterprises will pay more attention to clean
technology research and development, as the Porter hypothesis
(Porter and Linde, 1995) knows, this measure will encourage
enterprises to spend more resources on low-carbon technology
research and development and innovation funds. By forcing
enterprises to improve low-carbon capacity, and then reduce
carbon emissions per unit product, and finally drive the overall
green total factor productivity of enterprises. Therefore, no matter
the surplus or lack of carbon emissions, iron and steel enterprises
will increase their investment in technological innovation to
promote their green total factor productivity. Based on this, this
paper proposes Hypothesis 2.

H2. The carbon trading pilot will push the enterprises to improve
their technology and promote the green total factor productivity of
iron and steel enterprises.

3 Research design

3.1 Variable definition

GTFP; is the green total factor productivity of iron and steel
enterprises, using the SBM (Slacked-Based Measure) directional
paper
productivity index to measure the green total factor productivity
(GTEFP) of listed iron and steel enterprises for the period 2007-2021.

distance function, this constructs the Malmquist

Frontiers in Energy Research

The following are the specific measurement indicators: 1) Inputs:
three secondary indicators are used: capital inputs, labor inputs, and
intermediate inputs, of which labor inputs are measured by the
number of employees in employment at the end of the year, capital
inputs are measured by net fixed assets and intermediate inputs are
measured by cash paid for purchasing goods and receiving labor; 2)
Expected output: measured by the main business income of the
enterprise; 3) Non-expected output: measured by the total
productivity of the enterprise in 3) Non-expected output:
measured by the amount of sewage charges unpaid into the
account of the prefecture-level city where the enterprise is located.

DIDj; as the core explanatory variable. Due to the differences in the
start-up times of carbon trading pilots in different cities, the policy
effects of carbon trading cannot be accurately assessed using the
traditional difference-in-differences (DID) method. In order to
effectively address the problem of inconsistent timing of policy
implementation, and thus to provide a robust estimation of the
“policy treatment effect,” this paper adopts a multi-period DID
approach to measure the net impact of the carbon trading pilot
policy on the green total factor productivity of iron and steel firms.
The DID is assigned to 1 if the city where the firm is located starts the
pilot carbon trading within the sample period, and the observation time
is in the year when the trading officially starts and after, otherwise it is 0.

Tech; as the mediating variable, which is the level of
technological progress of the firm. In this paper, we further
decompose the GTFP growth rate measured by Malmquist index
into two components: pure technical efficiency (Pech) and technical
progress (Tech), and use technical progress as a mediating variable.

Xt is the set of firm-level control variables, including firm size
(Size); asset liability ratio (Lev); years on the market (Age); firm cash
flow (Cash); return on assets (Roa); equity concentration (Topl);
and growth capacity (Growth).

Zy is the set of firm location-level control variables, including
government spending (Spending); regional human capital (HC);
regional foreign direct investment (FDI); and regional economic
development level (GDP). See Table 1 for details.

The implementation of the fiscal decentralization system in
China has led to the fact that each local government is the actual
implementer of environmental regulation policies and has discretion
over the actual intensity of its implementation of environmental
regulation; therefore, this paper selects the intensity of local
government competition as an indicator for heterogeneity
analysis. Drawing on the definition of local government
competition and the selection of indicators in the literature, this
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TABLE 1 Definition and measurement of main control variables.
Control variable type Variable name

Corporate level X Enterprise size (Size)

10.3389/fenrg.2023.1307347

Variable measurement method

Natural logarithm of total assets

Asset liability ratio (Lev)

Years on the market (Age)

Total corporate liabilities/Total corporate assets

(Natural logarithm of (number of years on the market + 1)

Corporate Cash Flow (Cash)
Return on Assets (Roa)
Shareholding Concentration (Topl)

Growth capacity (Growth)

Cash flow from operating activities/total assets of the enterprise
Corporate profit after tax/Total corporate assets

Number of shares held by the largest shareholder/total shares

Increase in total assets at the end of the period/Total assets at the end of the previous period

Enterprise location level Zy, Government Spending (Spending)
Regional Human Capital (HC)

Regional Foreign Direct Investment (FDI)

Regional economic development level (GDP)

paper assesses the intensity of local government competition in three
key dimensions: economic growth, attracting foreign investment,
and financial self-sufficiency. 1) Competitiveness of economic
growth: the growth rate of regional GDP (GDPGrowth;;) to the
national GDP growth rate (GDPGrowth;;) 2) investment attraction
behavior: the growth rate of regional foreign direct investment (FDI)
(FDIGrowth;;) of the national FDI growth rate (FDIGrowth,) 3)
Fiscal self-sufficiency: measured by the ratio of local government
fiscal
(FiscalExpenditure;,) 4) Fiscal self-sufficiency: the proportion of

fiscal revenue  (FiscalRevenue;;) to expenditure

local government revenue (FiscalRevenue;) to fiscal expenditure
(FiscalExpenditure; ) is used to measure. The specific formula is as

follows:
GDPGrowthj; |, FDIGrowthj; FiscalRevenue;
GDPGrowth; FDIGrowth FiscalExpenditure; , ( 1 )
3

3.2 Model setting

GTFP;; = a+ DIDy + Xiy + Ziy 0 + Op + py + €ire (2)

where i, k. t denotes the company, city and year, respectively.
GTFPj is i firm’s t the green total factor productivity in the time
period. DID; is the differenc-in-difference variable. X;; and Zj; denote
firm-level control variables, city-level control variables, respectively.
0:+ ;. denote time effects, individual effects, respectively.

Drawing on the intermediary effect test proposed by Wen and
Ye (2014), this paper aims to explore the mechanism of the impact of
the carbon emissions trading pilot on the green total factor
productivity of the iron and steel industry (Wen and Ye, 2014).
Therefore, on the basis of Equation 1, the following test model is
further constructed:

Techy = « + BDID; + Xy + Zie0 + 6, + py + €ire (3)
GTFP;; = a+ f,DID;, + 3, Techy + Xjy + Ziy 6 + 0; + p + €ite
4)

Frontiers in Energy Research

Local government general budget expenditure/GDP
Number of college students in school
Amount of actual foreign investment used in the year by region/GDP

The eastern variable is 1 and the mid-western variable takes 0

where Tech; denotes the level of technological progress of the enterprise.
Sobel is used here to test for 3, denote the presence of mediating effects,
if all samples of f3, 3, show significance, then it indicates the existence of
mediating effect, so there is no need to conduct Sobel test; If at least one of
B and f3, is significant, then Sobel test is required, and if Sobel test is
significant, then it indicates the existence of mediating effect.

3.3 Data sources and statistical
characteristics

This paper selects China’s ferrous metal smelting and rolling
processing industry from 2007 to 2020 as the original research
sample. The ST, *ST and PT categories and companies with
incomplete data are excluded. After processing, the final sample
covers 24 listed companies with a total of 336 observations. Emission
data of relevant pollutants are obtained from China Industrial Statistical
Yearbook and China Environmental Statistical Yearbook. The relevant
data at the enterprise level are obtained from the CSMAR database. The
relevant data at the enterprise location level are obtained from the
provincial and municipal statistical yearbooks.

In this paper, the continuous variables were Winsorized by
replacing their values less than the 1% quantile (or greater than the
99% quantile) with the 1% quantile (or 99% quantile) and descriptive
statistics were performed for the main variables. As can be seen from
Table 2, the green total factor productivity (GTFP) of iron and steel
firms generally exhibited a low level in the overall sample with a mean of
1.056, and a standard deviation of 0.426, and a minimum value of 0.272,
and a maximum value of 5.929.

4 Empirical tests

4.1 Average trend of green total factor
productivity in iron and steel companies

Figure 2 presents the trend of the mean green total factor
productivity of iron and steel enterprises, where: the horizontal
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TABLE 2 Descriptive statistics of the main variables.

Variables Sample size Average value

Standard deviation

10.3389/fenrg.2023.1307347

Minimum value Median Maximum value

DID 336.000 0.131

0.338

0.000 0.000 1.000

GTFP 336.000 1.056

23

21

1.9

1.7

1.5

13

11

0.9

Green Total Factor Productivity Average

0.7

0.5

0.426

0.272 1.000 5.929

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

eeseee Experimental group e Control group

FIGURE 2

Trend of average green total factor productivity of iron and steel companies.

axis represents the time line; the vertical axis corresponds to the
mean green total factor productivity of iron and steel enterprises; the
dotted line represents the experimental group, its pilot iron and steel
enterprises; the solid line represents the control group, its non-pilot
iron and steel enterprises; and 2013 represents the cut-off point of
policy implementation. Before the operation of the pilot carbon
trading market, the green total factor productivity of the
experimental group shows a similar trend to that of the control
group, and the mean value of green total factor productivity of the
experimental group is higher than that of the control group; after the
operation of the pilot carbon trading market, the mean value of
green total factor productivity of the experimental group shows a
certain volatility, which is more significant compared with that of
the control group. Therefore, the premise of the hypothesis of
parallel trend is met.

4.2 Impact of carbon trading pilot on green
total factor productivity of iron and steel
companies

In this paper, we use a multi-period difference-in-difference
model to explore the impact of the carbon trading pilot on the green
total factor productivity of iron and steel firms. According to the
estimation results in column (1) of Table 3, the carbon trading pilot
has a positive impact on the green total factor productivity of iron
and steel firms when no control variables are included and no time
and region fixed effects are controlled, which indicates that the
implementation of this policy can improve the green total factor

Frontiers in Energy Research

TABLE 3 Test results of the impact of carbon trading pilot on green total factor
productivity of iron and steel companies.

Variables

DID 0.092 0.138 0.130* 0.235**
(0.069) (0.096) (0.078) (0.109)
Constant 1.044** 1.038** 1.523** 1.5547*
(0.025) (0.027) (0.346) (0.505)
Control variables No No Yes Yes
Time fixed effects No control Control No control Control
Regional fixed effects No control Control No control Control
Observations 336 336 336 336
R-squared 0.005 0.041 0.091 0.133

Note: Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1. Same below.

productivity of iron and steel firms. Column (2) considers both time
and region-fixed effects on the basis of column (1), and the results
show that the regression coefficient of the difference-in-difference
term is positive and improves the goodness-of-fit of the model.
Therefore, this paper concludes that the pilot carbon emissions
trading policy has a positive contribution to the improvement of
green total factor productivity of iron and steel enterprises. In
addition, this paper further investigates the change in the
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Parallel trend test.

regression effect of the multiple difference model after the
introduction of the control variables. By including the control
variables into the model in columns (3) and (4), it can be
observed that the stability of the regression coefficients is
significantly improved, and the regression coefficients of the
difference-in-difference terms are significantly positive at the 10%
and 5% levels, while the coefficient values also reach 0.130 and 0.235,
respectively. This indicates that the inclusion of control variables can
better explain the significant positive relationship between the pilot
carbon trading policy and the green total factor productivity of iron
and steel enterprises, further verifying the reliability of H1 in this

paper.

4.3 Robustness tests

4.3.1 Parallel trend test

In order to enhance the persuasiveness of the parallel trend
test, this paper adopts the method used by Ma et al. (2019) to
obtain the changes and correspondence of each indicator under
different periods, and use it as a data source for empirical
analysis. Figure 3 shows the estimation results at 95%
confidence interval, where: the horizontal axis generates
dummy variables + n based on the difference between the first
batch of carbon emission trading pilot intervention years and the
real years, specifying that all numbers less than or equal to —7 are
replaced with -7, and all numbers greater than or equal to 7 are
replaced with 7. Therefore, the pre-and post-policy value interval
of the horizontal axis is [-7,7]; the vertical axis indicates the
estimated value of green total factor productivity. In order to
verify the feasibility of the method, 24 listed iron and steel
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companies were used as the research subjects for empirical
analysis. As shown in Figure 3, before the release of the pilot
carbon trading policy, there was no significant difference between
the experimental group and the control group, and their
estimated values did not reach a significant level; with the
release of the pilot carbon trading policy, the green total
factor productivity of iron and steel enterprises was
significantly and positively affected, which indicates that the
policy is consistent with the premise of the hypothesis of

parallel trend.

4.3.2 Counterfactual test

Conventional counterfactual tests usually use the policy time
advance to assess the significance of the policy effect. Considering
the gradual operation characteristics of the carbon emission trading
pilot, this paper advances its market operation in the pilot regions by
this paper 2012 the policy
implementation time point in Shenzhen, Guangdong, Beijing,

1 year. Specifically, uses as
Tianjin and Shanghai, 2013 as the policy implementation time
point in Hubei and Chongqing, and 2015 as the policy
implementation time point in Fujian, as detailed in Table 4. By
setting different parameter conditions, this paper analyzes the
impact of the carbon emissions trading pilot on the green total
factor productivity of iron and steel firms using a panel data model
approach. It is found that although the test results of model (5) are
significantly different from the quasi-regression, they are not
significantly different from the estimated results of model (6)
controlling for the multiple fixed effects model, which indicates
that the carbon trading pilot has a significant effect on the growth of
green total factor productivity of iron and steel enterprises, thus the

reliability of the benchmark regression results can be verified.
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TABLE 4 Counterfactual tests.

Variables

DID 0.083 0.145
(0.074) (0.105)
Constant 1.469*** 1.434
(0.347) (1.535)
Control variables Control Control
Time fixed effects No control Control
Regional fixed effects No control Control
Observations 336 336
R-squared 0.087 0.303

Note: Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.

4.3.3 Placebo test

This paper draws on Wang and Ge (2022) A randomized
experimental and control group was adopted for the placebo test,
and 10 enterprises from 24 iron and steel enterprises were randomly
selected as the experimental group for the implementation of the
carbon trading pilot, while the remaining 14 enterprises were the
control group, and the newly generated experimental and control
groups were estimated based on the baseline regression model Eq. 1.
In this paper, the above steps are repeated 500 times and the
of the 500 estimated coefficients and their
associated p-values are further plotted, as shown in Figure 4.

distributions

From the placebo test results, it is clear that the estimated
coefficients of the newly generated samples are concentrated

10.3389/fenrg.2023.1307347

around zero, and most of the estimated values have p-values
greater than 0.1 and are significantly different from the true
values [from column (4) of Table 1], i.e., there is no other policy
or random variable affecting the green total factor productivity
enhancement of iron and steel enterprises, which also implies that
the enhancement of green total factor productivity of iron and steel
enterprises by carbon emissions trading policy is not a contingency.

4.3.4 Dynamic effects test

In view of the possible lags and timeliness of the impact of the
carbon emissions trading pilot on the green total factor productivity of
iron and steel firms, this paper argues that its impact should exhibit
nonlinear characteristics, and therefore dynamic effects tests are needed
to ensure its validity. Based on this, this paper constructs a sample group
for each 7-year period before and after the promulgation of the carbon
emissions trading pilot work policy using panel data regression method
to empirically analyze the promotion effect of the carbon emissions
trading market on the green total factor productivity of iron and steel
enterprises. According to Table 5, the estimated values of the interaction
term coefficients in model (7) for the first 3 years after the promulgation
of the carbon emissions trading pilot policy are not significant, while, on
the whole, the introduction of the policy does not lead to positive
economic effects for all sample firms. This suggests that there is a lag in
the effect of the carbon trading pilot on the growth of green total factor
productivity of iron and steel firms. This may be due to the fact that it
takes some time for the policy to be implemented on the ground, and
the green transformation of different enterprises differs in their specific
circumstances, leading to differences in the transformation paths and
time points. However, over time, 3 years after the release of the carbon
emissions trading pilot policy, the green total factor productivity of iron
and steel enterprises is significantly positive in the estimated values of
the interaction term coefficients, which indicates that the carbon
emissions trading pilot may stimulate the own dynamic adjustment

p-value

FIGURE 4
Placebo test.
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TABLE 5 Dynamic Effect of Carbon Emission Trading Pilot on Green Total
Factor Productivity of Iron and steel Enterprises.

Variables

10.3389/fenrg.2023.1307347

TABLE 6 Mechanisms of impact of carbon trading pilot on green total factor
productivity of iron and steel companies.

Variables

DID2013 0.141% 0.310%* DID 0.024 0.178*
(0.083) (0.087) (0.064) (0.089)
DID2014 0.056 0.264%* Tech — 0.734%%
(0.086) (0.093) - (0.082)
DID2015 -0.164* 0.096 Constant 0.727%% 0231
(0.092) (0.102) (0.177) (0.254)
DID2016 0.445%* 0.757*** Control variables Yes Yes
(0.092) (0.107) Time fixed effects Control Control
DID2017 0.720%** 1.106*** Regional fixed effects Control Control
(0.091) (0.113) Observations 336 336
DID2018 0.668** L0779 R-squared 0.396 0457
(0.102) (0.123) Note: Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
DID2019 0.396%* 0.810%* . .
between the carbon trading pilot and green total factor
(0.098) (0.120) productivity of iron and steel firms, as a way to explore the
DID2020 0.488%%% 0.945++% mechanism of the impact of the carbon trading pilot policy on
green total factor productivity of iron and steel firms. According
0.100 0.124 . . .
(0.100) 0.124) to Table 6, in model (9), the regression coefficients of DID and
Constant 24634 447745 firms’ technological progress are positive but insignificant, while
(0350) ©0:539) in model (10), the regression coefficients of Tech and GTFP are
significantly positive at the 1% level, requiring a Sobel test, and
Control variables Yes Yes the results pass the Sobel test, thus verifying H2. Therefore, this
Time fixed effects No control Control paper concludes that the implementation of the carbon emission
trading pilot can push back enterprises to invest in low-carbon
Regional fixed effects No control Control . Lo . .
technologies and significantly improve the level of technological
Observations 336 336 progress of iron and steel enterprises, which in turn leads to green
Rsquared 0330 0.425 and low-carbon transformation of iron and steel enterprises and

Note: Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.

of iron and steel enterprises, which in turn has a long-term impact on
the green transformation development of iron and steel enterprises.
Therefore, the implementation of the carbon emission trading pilot will
be beneficial to enhance the green competitiveness and sustainable
development of iron and steel enterprises. In addition, model (8)
controls for both time and regional solid effects based on model (7),
and the regression results do not differ significantly from model (7),
thus verifying the robustness of the dynamic effects.

5 Further analysis

5.1 Mechanisms of the impact of carbon
emissions trading pilot on green total factor
productivity of iron and steel enterprises

Based on the previous research hypotheses, this paper
investigates the mediating role of technological progress

Frontiers in Energy Research

ultimately promotes green total factor productivity of iron and
steel enterprises.

5.2 Heterogeneity analysis

5.2.1 Enterprise size

To investigate the differences in the effects of the carbon trading
pilot on the green total factor productivity of iron and steel firms of
different sizes, this paper uses the median total asset value of firms as
the grouping criterion for the sample firms. The regression results
are shown in Table 7. According to model (11) in Table 7, the DID
coefficients of large iron and steel enterprises are positive at the 5%
level, which indicates that the implementation of the carbon trading
pilot can greatly improve the green total factor productivity of large
iron and steel enterprises; in model (12), the DID coefficients of
small iron and steel enterprises are positive but insignificant, which
indicates that the carbon trading pilot has a positive effect on their
green total factor productivity. In model (12), the DID coefficients of
small iron and steel companies are positive but not significant,
indicating that the pilot carbon trading pilot does not have a
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TABLE 7 Heterogeneity regression results.

Enterprise size

Corporate social responsibility

10.3389/fenrg.2023.1307347

Local government competition

Variables Large Small High social Low social High-competition = Low-competition
Companies Business responsibility responsibility areas areas
(11) (12) (13) (14) (15) (16)
DID 0.428** 0.150 0.200* -0.016 0.317* 0.099
(0.179) (0.129) (0.119) (0.164) (0.172) (0.150)
Constant 2.481** 1.942%** 5.604* 0.653 2.920%%* 0.574
(1.022) (0.485) (3.328) (1.240) (0.936) (0.573)
Control variables Yes Yes Yes Yes Yes Yes
Time fixed effects Control Control Control Control Control Control
Regional fixed Control Control Control Control Control Control
effects
Observations 167 166 114 100 168 168
R-squared 0.241 0.237 0.570 0.695 0.208 0.296

Note: Standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.

significant effect on their green total factor productivity. Further
analysis reveals that large enterprises are more affected by
environmental costs in the production process, and have more
advantages than small enterprises in terms of technology level
and capital scale. Therefore, in the process of implementing the
carbon emissions trading pilot, large enterprises can invest
technology and capital more effectively in order to promote their
development toward green transformation.

5.2.2 Corporate social responsibility

In this paper, the sample firms are classified according to the
median of their social responsibility scores by referring to the
social responsibility report of Hexun.com listed companies, and
the high socially responsible firms have higher scores than the
median, while the low socially responsible firms have lower scores
than the median. According to model (13) in Table 7, the DID
coefficients of highly socially responsible firms are significantly
positive at the 10% level, which indicates that the carbon trading
pilot has a significant contribution to promoting the improvement
of green total factor productivity of high socially responsible iron
and steel firms; while in model (14), the DID coefficients of low
socially responsible firms are negative and insignificant, which
indicates that the carbon trading In model (14), the DID
coefficients of low socially responsible enterprises are negative
and insignificant, which indicates that the carbon trading pilot
does not significantly improve the green TFP of low socially
responsible iron and steel enterprises, and even has a
suppressive effect. The reason for this may be that the higher
the CSR, the easier it is for firms to establish a good corporate
image in the market. Highly socially responsible firms also perform
better in terms of financial performance compared to low socially
responsible firms. Therefore, with the impetus of the carbon
trading pilot, highly socially responsible firms are able to inject
technology and capital more effectively to facilitate their transition

to green and thus enhance their green total factor productivity.
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5.2.3 Local government competition

The decentralization and concessions accompanying the reform
of China’s fiscal decentralization system have led to the fact that each
local government is the actual implementer of environmental
regulation policies, and local governments have discretion in
implementing environmental regulations based on the actual
situation terms of their intensity, based on which
environmental regulations have become a powerful tool for local

in

governments to compete (Chen, 2009; Yang et al., 2020). Therefore,
different the
environmental to

interactions  between in
implementation  of policies may lead

implementation biases. When a region sets its environmental

strategic regions

regulation intensity, its competing regional governments will
adopt strategies to increase or decrease the intensity of
their of
environmental regulation, based on the principle of maximizing
their own interests, thus creating a competitive strategy interaction

environmental regulation depending on level

of local governments’ environmental regulation (Li, et al., 2021; Yin
and Chen, 2022).

To investigate the heterogeneity of the effect of carbon trading pilot
on the green total factor productivity of iron and steel firms in different
regions, this paper uses the median of local government competition
intensity to group the regions where the sample firms are located, and
the regions with higher competition intensity are larger than the
median, while the regions with lower competition intensity are
smaller than the median. According to model (15) in Table 7, the
value of DID coefficient is significantly positive in the regions with
higher competitive intensity, reaching the level of 10%, which indicates
that the carbon trading pilot can significantly improve the green total
factor productivity of iron and steel enterprises in the regions with
higher competitive intensity; while in model (16), the value of DID
coefficient is positive but not significant in the regions with lower
competitive intensity, which indicates that the carbon trading pilot has a
significant impact on the green total factor productivity of iron and steel
enterprises in the regions with lower competitive intensity. In model
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(16), the DID coefficient is positive but not significant, indicating that
the pilot carbon trading scheme does not significantly improve the
green total factor productivity of iron and steel enterprises in less
competitive regions. According to the relevant data, regions with higher
competitive intensity are more flexible than regions with lower
competitive intensity in terms of both fiscal expenditure structure
and FDI scale. Therefore, regions with higher competitive intensity
of local governments are more helpful for iron and steel enterprises to
invest in technology and capital to promote their development toward
green transformation and thus improve the green total factor
productivity of iron and steel enterprises, driven by the carbon
emission trading pilot.

6 Conclusion

For iron and steel enterprises, investigating the impact of the
pilot carbon emission trading market on their green total factor
productivity is a crucial part to accurately grasp the effect of the
implementation of the pilot carbon emission market in China and to
achieve the low-carbon transformation of the manufacturing
industry and the goal of “double carbon.” Based on this, this
paper uses a panel data regression method to construct a sample
group for each of the 7 years before and after the promulgation of the
pilot carbon emissions trading policy, and empirically analyzes the
contribution of the carbon emissions trading market to the green
total factor productivity of iron and steel enterprises. This paper
selects 24 iron and steel enterprises listed in the period 2007-2020 as
the research sample and conducts an in-depth study on the impact
of the carbon emissions trading pilot on the green total factor
productivity of iron and steel-producing enterprises and its
intrinsic mechanism of action by using a multi-period difference-
in-difference model, while discussing the heterogeneous impact of
the pilot policy on the green total factor productivity of iron and steel
enterprises, and draws the following research conclusions:

First, the benchmark regression shows that the green total factor
productivity of iron and steel firms is significantly improved under the
influence of the carbon emissions trading pilot, and this finding can be
tested by parallel trends; the dynamic effects test shows that there is a
certain lag in the promotion effect of the carbon emissions trading pilot
policy, ie., the policy effect starts to appear after 3 years, and the
subsequent policy effect will persist for a long time; the counterfactual
test and placebo test on the accuracy of the baseline regression results
are fully verified. Second, the mechanism analysis shows that the carbon
trading pilot will force the technological progress of enterprises, thus
promoting the improvement of green total factor productivity of iron
and steel enterprises. Finally, the heterogeneity analysis shows that the
carbon emissions trading pilot has a heterogeneous impact on the
improvement of green total factor productivity of iron and steel
enterprises, mainly in three aspects: enterprise size, corporate social
responsibility rating and local government competition intensity.
Among them, the carbon trading pilot can significantly increase the
green total factor productivity of large or high social responsibility rating
iron and steel enterprises, but the promotion effect on small or low
social responsibility rating iron and steel enterprises is not significant.
Meanwhile, when the intensity of local government competition is high,
the carbon trading pilot can significantly improve the green total factor
productivity of local iron and steel firms; when the intensity of local
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government competition is low, the green total factor productivity of
local iron and steel firms is not significantly boosted by the carbon
trading pilot.

/ Policy recommendations and
limitations

In order to accelerate the improvement of China’s carbon
emission trading market mechanism and thus promote the
development of China’s iron and steel enterprises towards green
transformation, this paper makes the following suggestions:

First, when expanding the scale of the carbon emission trading
market in the iron and steel industry, priority should be given to large or
high social responsibility-rated enterprises with positive performance,
and then gradually extended to enterprises with lower social
responsibility ratings or smaller scale. In addition, the government
should provide financial support or low-interest loans to iron and
steel enterprises that encounter difficulties in their operations in order
to motivate them to make a low-carbon transition. At the same time, it
should also increase the investment in R&D of low-carbon technologies
for iron and steel enterprises to improve their technology level and
establish an effective incentive mechanism to promote the
transformation of iron and steel enterprises to low-carbon direction.
Secondly, during the construction of the carbon emission trading market
in the iron and steel industry, we should take into full consideration the
reality that the initial carbon emission quota is relatively lenient, and
tighten the carbon quota to give better play to the policy effect of the
market incentive-based environmental regulation tool, so as to release the
effect of the “double carbon” policy on the green transformation of the
iron and steel industry to a greater extent. The effect of the “double
carbon” policy on the green transformation of the iron and steel industry
can be released to a greater extent. Finally, we should establish a multi-
objective promotion and assessment mechanism, regulate the
competition among local governments, guide the benign competition
among local governments, eliminate the market segmentation and local
protectionism brought about by administrative planning, strengthen
inter-regional cooperation, and play the role of convergence effect and
leading demonstration, so as to achieve complementary advantages and
common development. At the same time, it should also improve the
relevant laws and regulations system, further increase the punishment of
local governments and strengthen the supervision and restraint of local
governments. We should advocate green development, improve the
environmental governance capacity of local governments, pay more
attention to the quality of economic development and the level of
ecological environment, and guide local governments to change from
“GDP as the basis of competition” to “green development as the
competition goal".

As there are many links and uncontrollable factors in the process
of implementing the carbon emissions trading system in China, the
enterprises are also affected by the trading price, trading quota, etc.,
which can not be taken into account in all of these factors, and it is
more difficult to obtain the trading data in this regard, which to a
certain extent restricts the more in-depth study of this paper. Future
research can be expanded in the following aspects: 1) Adopt multiple
data acquisition methods, such as the technology of big data mining,
to broaden the panel data at the enterprise level. 2) Improve the
accuracy of indicator measurement to more accurately assess the
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emission reduction effect of iron and steel enterprises. 3) Combine
the carbon emissions trading system with other environmental
regulatory policies to further analyze its impact on the green
transformation of iron and steel enterprises.
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