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Accomplishing the coordination between economy and environment requires a
series of efficient measure so that the Potter effect can be realized. This study,
from the perspective of market-government coordination, empirically examines
the Porter effect of China’s carbon emissions trading policy using a difference-in-
differences approach. The findings reveal that: (1) The carbon emissions trading
policy has significantly reduced local carbon emissions by 78.6%, increased
regional green total factor productivity by 32.7%, and enhanced scientific and
technological innovation by 43.9%, thereby demonstrating a pronounced and
strong Porter effect. Robustness checks, including placebo tests and Propensity
Score Matching-Difference in Differences estimation, confirmed the validity of
these results. (2) Market mechanisms, as measured by carbon prices and market
liquidity, only partially facilitate the realization of the Porter effect under the
policy. (3) The stronger the administrative intervention by local governments, the
more pronounced the policy’s Porter effect. Based on these findings, this study
proposes the following policy recommendations: to achieve the dual carbon
goals, the government should further expand the carbon emissions trading policy
and progressively establish a unified national carbon trading market with cross-
sector participation. Additionally, policymakers should address market failures in
environmental governance, uphold the synergy between market mechanisms
and administrative interventions, thereby fostering a virtuous cycle between
environmental protection and economic development.
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1 Introduction

The process of reform and openness has delivered substantial economic benefits to
China, leading to the phenomenon of the China economic miracle. China’s economy has
quickly grown over 4 decades of reform and openness. However, this rapid development
model has concurrently resulted in significant environmental pollution and ecological
decline. As the world’s leading emitter of CO2, China faces formidable challenges in
reducing said emissions while advancing industrialization and urbanization. Environmental
pollution is a consistent concern across all sectors of society (Tu and Chen, 2013). The 19th
Party Congress report emphasizes that building an ecologically balanced society is a key
millennium strategy for the nation’s sustained advancement. It is imperative to instill the
principle that verdant landscapes and clean waters hold the same value as revenue, as well as
to adhere to the state policy of conserving resources and safeguarding the environment (Ren
et al., 2019). On examining China’s history in air pollution control, it seems clear that the
carbon emissions trading policy (CETP) has played a substantial role in curbing rising
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energy consumption and greenhouse gas emissions. Since 2011,
China has implemented the CETP across seven provinces and cities,
namely, Beijing, Tianjin, Shanghai, Chongqing, Shenzhen, Hubei,
and Guangdong. The primary objective of this initiative is to
accumulate a synergistic approach—leveraging market
mechanisms—to managing greenhouse gas emissions.
Additionally, it aims to enhance the efficacy of carbon and
pollution reduction efforts, drawing from advanced practices and
insights (Zhang et al., 2014; Pang and Duan, 2016). Simultaneously,
China’s economic expansion has tended to rely on substantial
inputs, high energy consumption, and elevated pollution levels.
This underscores the need to focus more heavily on core
technologies and bolster international competitiveness. In recent
years, China’s industrial productivity has experienced a decline, thus
impeding overall macroeconomic growth. The 19th CPC National
Congress report emphasizes the urgency of shifting toward quality,
efficiency, and new energy sources, all while enhancing total factor
productivity, so as to achieve a superior, more efficient, and
sustainable form of economic development (Cai, 2017).
Therefore, in the context of increasingly severe environmental
challenges and the pursuit of high-quality development, the
influence of environmental regulations on total factor
productivity has emerged as a pivotal subject within economics
research. In terms of ascertaining whether the CETP can effectively
reduce carbon emissions and bolster total factor productivity to
realize the Porter effect, existing studies have primarily investigated
said effect through isolated examinations of the CETP’s impact on
total factor productivity or scientific and technological innovation
(STI) (Hu et al., 2023; Ren et al., 2019). Notably, the existing
literature lacks comprehensive evaluations of the CETP’s Porter
effect on pilot provinces by considering such factors as carbon
emission reduction, efficiency enhancement, and advancements in
STI in an integrated manner.

Furthermore, unlike the developed nations of North America
and Europe (Nabernegg et al., 2019), China’s CETP was launched at
a later stage, primarily targeting state-owned enterprises (SOEs).
This delay has resulted in various issues, such as legislative delays
and underdeveloped market mechanisms (Liu et al., 2015; Zhao
et al., 2016). However, existing research indicates that despite these
challenges, China’s CETP continues to wield a significant impact on
the designated pilot regions (Zhao et al., 2019). This implies that,
aside frommarket mechanisms, other factors may influence the pilot
regions through the CETP—which current research has yet to
adequately explain. Given the predominance of China’s
traditional administrative, intervention-based environmental
regulatory tools, the preponderance of SOEs among the CETP’s
pilot participants, and the CETP’s relatively weak policy
mechanisms, it is reasonable to hypothesize that compliant
subjects in the pilot areas are motivated by two primary factors.
Indeed, they respond to the market-based incentives embedded in
the CETP, and are subject to government-administered controls.
The latter may be reflected in the direct supervision of compliance
through administrative intervention (e.g., monitoring behavior in
the relevant environmental responsibility assessment system or
formulating corresponding administrative penalties for non-
compliance). The market characteristics of the current emission
control subjects, mostly SOEs, provide the government with a
realistic basis for effectively supervising compliance (Wu et al.,

2021). In order to verify this speculation, this paper further
studies the mechanism of the CETP’s Porter effect based on the
synergistic effect of the market mechanism and administrative
interventions based on existing research.

In sum, while an increasing number of studies have begun to
focus China’s CETP—with scholars examining it from various
angles and yielding a wealth of research findings—there are
notable theoretical and empirical gaps regarding the robustness
of the CETP’s Porter hypothesis. These studies have generated
inconclusive results, meaning that there is a shortage of
comprehensive research regarding the CETP’s influence on the
Porter effect in pilot provinces, taking into account such factors as
green total factor productivity (GTFP) and STI. Accordingly,
there is a need to further deepen theoretical and empirical
research in this area. Moreover, the methodologies that have
previously been used require refinement. Based on this, the
potential marginal contributions of this paper are as follows:
(1) While existing studies have often adopted a single
perspective, this paper comprehensively analyzes the strong
version of the Porter hypothesis by integrating carbon
emissions, GTFP, and STI. (2) This paper innovatively
examines the strong Porter hypothesis from the perspective of
both “market mechanisms” and “administrative regulations.” It
incorporates key carbon trading indicators, such as carbon price
and market liquidity, into the policy evaluation model to assess the
effectiveness of the CETP in promoting the Porter effect in pilot
provinces. Additionally, it uses such indicators as the proportion
of SOEs to measure the government’s regulatory capacity, thereby
evaluating the impact of administrative intervention on the
CETP’s Porter effect.

2 Literature review

The relationship between environmental regulation and
economic growth has long been a contentious topic in academic
research. According to neoclassical economics, while environmental
regulation can improve environmental quality, it also increases
production costs for enterprises, thereby reducing their
international competitiveness and negatively impacting economic
growth (Tu and Chen, 2015). However, the Porter hypothesis posits
that well-designed environmental regulation policies can incentivize
technological innovation, enhance environmental performance and
competitiveness, and achieve a win-win outcome for both
environmental protection and economic growth (Ambec et al.,
2013). The Porter hypothesis provides a theoretical framework
for studying the interplay between environmental regulation,
environmental protection, efficiency, and competitiveness.
Scholars have since validated its effects from the perspectives of
environmental impact and technological innovation (Tu and Chen,
2015). Jaffe and Palmer (1997) further advanced the strong Porter
hypothesis, arguing that environmental regulation not only
stimulates innovation, but also enhances corporate
competitiveness. Previous studies have often used GTFP as a
comprehensive indicator of corporate competitiveness to explore
how it is impacted by environmental regulation. However, the
findings remain inconclusive: some studies have suggested that
environmental regulation positively promotes GTFP (Hamamoto,
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2006; Shen et al., 2019), while others have indicated a negative
impact (Gray and Shadbegian, 1995; Lanoie et al., 2008).
Additionally, other scholars have argued that there is no
definitive relationship between the two (Ferjani and Gray, 2011).

As a form of environmental regulation policy, the CETP,
implemented in seven regions of China since 2011, has become a
focal point of research. Existing studies have demonstrated that this
policy has achieved positive outcomes in various aspects, including
carbon emission reduction (Zhang et al., 2017), technological
advancement (Chen et al., 2021), improved production efficiency
(Yang et al., 2021), and the optimization of corporate investments
(Qi et al., 2023). Furthermore, Jiang et al. (2022) analyzed the impact
of the industry coverage of the carbon trading system on total oil
consumption using a computable general equilibrium (CGE) model.
They found that covering all high oil-consuming industries can lead
to the most significant reductions in total oil consumption and
external dependence, providing valuable insights for the design of
carbon trading systems. However, most existing studies have
focused on a single dimension, failing to comprehensively
analyze its Porter effect. Jiang et al. (2023) further highlighted
that incorporating the co-benefits of air quality into carbon
emission reduction task allocation can significantly enhance
regional emission reduction efficiency and offer a more
comprehensive perspective for policy design.

In this context, green technological innovation has emerged
as a critical driver for enhancing environmental performance and
corporate competitiveness. As the primary force behind green
development and the ultimate solution for achieving carbon
neutrality, green technological innovation is pivotal. However,
due to the externalities inherent in technology and financial
markets, market incentives for environmentally beneficial
technological innovations are often insufficient, making policy
intervention essential. In contrast to generalized science and
technology policies, the Porter hypothesis posits that well-
designed environmental policies can incentivize enterprises to
engage in green technological innovation, thereby achieving both
environmental protection and improved corporate
competitiveness.

Therefore, the formulation of rational environmental policies
is crucial for guiding and motivating innovation entities to
pursue and disseminate green technological innovations. As a
significant environmental policy, can the CETP promote the
Porter hypothesis in the pilot provinces? What are the
mechanisms through which it influences the Porter effect?
Existing research has yet to provide a comprehensive
explanation. Given that most pilot regions have integrated
special funds to support major low-carbon development
projects and established mechanisms for public participation
in green consumption within their implementation plans, it is
reasonable to hypothesize that the pilot provinces, driven by
government guidance and societal participation, have actively
invested in low-carbon technologies and promoted green and
low-carbon transitions, thereby realizing the Porter effect. To
validate this hypothesis, this study builds on existing research
and examines the specific impact of the CETP on the Porter effect
in the pilot provinces from the perspective of the synergistic
interaction between government intervention and market
mechanisms.

3 Theoretical analysis and research
hypotheses

Jaffe and Palmer (1997) categorized the Porter hypothesis into
three distinct versions: the “weak” version claims that
environmental regulation stimulates eco-innovation, although the
net impact of regulation and innovation on corporate benefits
remains uncertain in direction and magnitude; the “narrow”
version emphasizes that flexible environmental policy
instruments are more effective than command-and-control
regulations in incentivizing corporate innovation; and the
“strong” version asserts that well-designed regulations can induce
innovations sufficient to fully offsetting compliance costs,
potentially enhancing corporate productivity. This study focuses
on examining the CETP’s strong Porter effect and explores the
influence of market mechanisms and administrative interventions
on this effect. Figure 1 presents the theoretical framework of
the research.

3.1 CETP and carbon emission reduction

The CETP assigns emissions rights as tradable commodities in
an open market. The implementation of this policy can positively
impact carbon emission reduction. Research by both domestic and
international scholars has substantiated the carbon emission
reduction benefits of the CETP (Zhang et al., 2023; Liu et al.,
2019). The CETP operates through a specific mechanism,
whereby the government initially allocates carbon emission
quotas to different enterprises. Subsequently, it permits the free
trade of carbon emission rights in the market. Surplus carbon
emission allowances are rewarded to technology-oriented
enterprises through subsidies, while resource-oriented enterprises
with insufficient carbon emission allowances are subject to taxation.
This arrangement serves to incentivize and promote carbon
emission reduction effects. Since the inception of the CETP,
while the mechanism’s construction remains an ongoing process,
the persistent expansion of trading volume and market liquidity
underscores its active role in facilitating value discovery. This, in
turn, offers a practical foundation for the pilot provinces to secure
emission reduction benefits for the primary trading entities.
Consequently, the study posits the following hypothesis:

H1: Implementing the CETP can effectively promote carbon
emission reduction in pilot provinces.

3.2 CETP and GTFP

Traditional economists have contended that escalating
environmental costs can adversely impact a company’s
productivity and competitive edge (Jorgenson and Wilcoxen,
1990). However, the Porter hypothesis suggests that this only
holds true when firms remain entirely passive and static. Given
that businesses inherently strive for profitability, they tend to adopt a
more proactive stance in response to environmental regulations.
Under the pressure of such regulations, enterprises often focus on
enhancing production efficiency. They achieve this by optimizing
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resource allocation, refining production processes, and driving
technological innovation. These efforts not only bolster their
position in the product market by reducing carbon intensity per
unit, but also align with the requirements of total emission control
within the emissions rights trading framework. Moreover, the
reduction incentives offered by carbon emissions trading
mechanisms prompt firms to further optimize resource allocation
or upgrade their processes. This, in turn, enhanced GTFP (Hu et al.,
2023). In contrast to other control-command-style environmental
regulations, the CETP, being market-driven, presents notable
advantages. One key advantage is that the environmentally
responsible actions taken by enterprises not only enable them to
meet the total emissions control stipulations within the carbon
market and lower their carbon emissions costs, but also to
capitalize on the surplus carbon emission allowances by trading
and selling them in the carbon market, thereby realizing additional
emission reduction benefits (Clarkson et al., 2015). The rise in
potential benefits serves to diminish the positive external impact
associated with enterprises’ emission reduction efforts. This serves
to more cohesively align the costs and benefits of emission reduction
within enterprises (Matisoff, 2010). When examining the allocation
of enterprise resources, it is generally assumed that management
efficiently allocates available resources with the overarching
objective of maximizing the enterprise’s value. Nonetheless, as
previously discussed, the implementation of an emissions trading
mechanism can impact enterprises’ current production efficiency. In
this context, by enhancing production efficiency to decrease the
carbon emissions per unit of production, businesses not only reap
the usual benefits associated with improved productivity, but can
also generate additional profits through the sale of excess carbon
emission allowances in the carbon emissions trading market.
Consequently, under the influence of the carbon emissions
trading mechanism, enterprise management is more incentivized

to optimize resource allocation or upgrade production processes,
thereby enhancing the overall productivity of enterprises in the pilot
provinces (Hu et al., 2023). Accordingly, the study posits
the following:

H2: Implementing the CETP has helped enhance GTFP in the
pilot provinces.

3.3 CETP and STI

In recent years, China’s environmental regulation has gradually
shifted from administrative intervention to market incentives in
support of global climate action objectives (Wu et al., 2021). The
CETP has the capacity to encourage businesses to proactively cut
carbon emissions and abatement expenses. This can be achieved by
enhancing production efficiency, optimizing resource allocation,
and prioritizing the adoption of clean energy sources. In line
with the Porter hypothesis, environmental regulations can
stimulate enterprises to engage in green technological innovation,
thereby reaping the dual benefits of carbon emission reduction and
economic development. In theoretical terms, the CETP has the
potential to incentivize enterprises to advance various carbon
technologies, including those with lower carbon emissions, those
with zero carbon emissions, and even carbon-negative technologies
that can offset and absorb the emissions necessarily generated
during the production process. This can reduce the expenditures
associated with the purchase of carbon emissions rights or
generating additional income by selling surplus emission rights.
Furthermore, considering the escalating carbon emission reduction
targets set by China in recent years, the market value of carbon
credits has steadily increased. Consequently, the CETP has evolved
into a growing incentive for enterprises’ investments into non-

FIGURE 1
Theoretical framework.
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negative and negative carbon technologies (Cao and Su, 2023).
Consequently, the following hypothesis is proposed:

H3: Implementing the CETP will help enhance the level of STI in
the pilot provinces.

3.4 Market mechanisms and administrative
interventions

Prior research has uncovered significant effects of the CETP
within the designated regions, including substantial reductions in
carbon emissions (Zhang et al., 2023; Liu et al., 2019), enhancements
in production efficiency (Jun Hu et al., 2023), and a boost in STI
(Chen et al., 2021). This paper also posits that the CETP can indeed
yield a strong Porter effect. However, when considering the broader
context of China’s CETP, the carbon market system has yet to be
fully established. There exist substantial disparities in carbon prices
among different pilot regions, suggesting a degree of inflexibility.
Additionally, the trading dynamics within the CETP display
distinctive characteristics. Given that China’s carbon market
system remains incomplete and at a relatively nascent stage of
development, government oversight is crucial to ensure that the
market, which is currently operating inefficiently, maintains a high
level of compliance with emission control standards. Researchers
aiming to analyze the operational dynamics of the CETP during its
developmental phase must consider both market mechanisms and
administrative interventions. Presently, the CETP’s emission
reduction mechanism functions through two distinct pathways.
The first involves the carbon trading market system, which is
centered around price mechanisms. The second entails
government oversight to ensure contractual compliance through
administrative interventions, thus ensuring the market’s smooth
operation. Through the combined influence of administrative
intervention and market mechanisms, it is imperative to apply
more robust administrative control measures within the pilot
market to compensate for its inherent inefficiencies and ensure
the CETP’s effective implementation. The effective coordination
between the government and themarket is pivotal in establishing the
carbon trading market. China’s carbon market has yet to meet the
fundamental criteria of efficiency, resulting in a lack of a functioning
price mechanism. The government plays a vital role in addressing
these market failures. Furthermore, the primary objective of the
CETP is to commodify emission rights, enabling carbon prices to
mirror the marginal cost of corporate emissions. Through this
market-driven mechanism, it allows high- and low-efficiency
enterprises to participate in carbon trading, thereby enhancing
resource use efficiency. This, in turn, empowers the CETP to
stimulate carbon emission reductions, improve productivity, and
elevate STI levels within pilot regions. As such, the study proposes
the following hypotheses.

H4: Local governments are incentivized to offset the operational
inefficiencies of the carbon market through administrative
intervention. Consequently, carbon emissions trading entities can
operate efficiently within a less developed carbon market
environment, thereby advancing the attainment of the Porter
hypothesis effect.

H5: In the presence of both market mechanisms and administrative
intervention, as operational efficiency diminishes within the carbon
market, the extent of government control over emission
management becomes a key determinant in the magnitude of the
CETP-induced Porter effect.

4 Model selection and data description

4.1 Model selection

Before using the difference-in-differences (DID), the parallel
trend test must first be satisfied, meaning that the CO2 emissions,
business performance, and carbon reduction-efficiency synergy
index of the energy industry in both pilot and non-pilot regions
should exhibit the same trend. Based on this, and following the
practices found in the general literature, this paper took the year of
policy implementation as the benchmark and used the event study
method to test the parallel trends before the CETP. Figure 1 reports
the results of the parallel trend test and dynamic effects (Beck et al.,
2010). Before the policy’s implementation, the coefficients for all
years were neither significant nor showed a significant trend,
indicating that the pre-policy trends were essentially parallel. The
results of the parallel trend indicate that, in the years prior to the
CETP, there were no significant differences in the CO2 emissions,
business performance, and carbon reduction-efficiency synergy
index between the experimental and control groups, thus
satisfying the parallel trend assumption.

4.1.1 DID model
The examination of the CETP-induced Porter effect hinges on a

comprehensive grasp of the concept of policy impact assessment,
which entails evaluating the outcomes of policy implementation
based on corresponding criteria and employing scientifically sound
technical evaluationmethodologies. Policy impact is often gauged by
contrasting sample characteristics before and after policy
implementation. However, this approach is limited by a need to
account for inherent fluctuations within the sample itself. Moreover,
some studies assess a policy’s effectiveness by comparing the
samples it directly affects. Nevertheless, this method overlooks
the disparities in the initial samples. Both of these approaches
fall short of capturing the pure effects of a policy.

Princeton University initially introduced the DID model in
1985. Scholars have since been dedicated to developing and
enhancing this research model, whose fundamental concept
involves creating time and group dummy variables for policy
implementation, along with interaction terms between them. This
approach effectively mitigates the impact of other factors, resulting
in a more accurate assessment of policy outcomes. The DID model
has proven to be highly fruitful in econometric analysis, offering the
advantage of addressing endogeneity issues and measuring policy
increments. The basic form of the DID model is depicted in
Equation 1:

yit � α0 + α1DID + α2duit + α3dtit + εit (1)

In Equation 1, the subscripts i and t represent the region and
year, respectively. The variable y signifies the explanatory variable.
DID represents the core explanatory variable. The variable du
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differentiates between the experimental and control groups, where it
equals 1 and 0 for the treatment and control groups, respectively.
The variable dt distinguishes between periods before and after policy
implementation, equaling 0 before the intervention and 1 after. DID
represents the interaction term, equal to 1 for the sample in the
treatment group after the policy intervention, and 0 otherwise.
Finally, ε represents a disturbance term.

4.1.2 GTFP
Selecting the most suitable research method is crucial for

measuring GTFP. In the existing literature, scholars have
predominantly employed the Solow residual, SFA (stochastic
frontier analysis), and DEA (data envelopment analysis) methods
for measurement. After evaluating the distinctions among these
research methods and considering the specifics of this paper,
including its research subjects, samples, and objectives, it was
imperative to opt for the most appropriate measurement
technique for empirical research. Given the multi-input and
-output data, including non-desired outputs in this study, the
DEA method’s advantages made it the most suitable choice.
Furthermore, prior researchers have noted that the SBM (super-
efficiency-based data envelopment analysis) model within the DEA
framework is better suited for studying China’s total factor
productivity. Within this framework, the super-efficient SBM
model (an enhanced version of the SBM) is capable of evaluating
the effective decision-making units more accurately. Additionally,
this research takes both resource and environmental factors into
account, addressing the limitations of the traditional Malmquist-
Lenberger (ML) index when dealing with non-desired outputs. It
should be noted that the ML index can encounter difficulties in
solving linear programming problems when measuring the inter-
period directional distance function, and it lacks transmissibility and
circular cumulativeness. Conversely, the geometric mean
logarithmic loss (GML) index exhibits transmissibility, circularity,
and the capability for inter-period comparisons. Consequently, this
paper employed the GML index to assess the alteration and
breakdown of GTFP within the mining industry, using the super-
efficient SBM model as the foundation.

4.1.2.1 Super-efficient SBM model
Tone, (2001) introduced a non-radial, non-angular SBM

model that relies on relaxation vectors. In this scenario,
assuming there are n decision-making units (DMUs), the
input and output indicator matrices for these are represented
asX � (xij) ∈ Rm*n and Y � (yij) ∈ Rm*n, where xij denotes the ith
input of DMUj, and yrj represents the rth output of DMUj. Tone,
(2001) SBM model is structured as follows in terms of its formula
expression:

ρ* � min
1 − 1

m∑m
i�1

s−i
xi0

1 + 1
s∑s

r�1
s+r
yr0

(2)

S.T.
x0 � Xλ + S−

y0 � Yλ − S+

λ≥ 0, S− ≥ 0, S+ ≥ 0

⎧⎪⎨⎪⎩ (3)

In Equation 2, ρ* (0 < ρ* < 1) represents the efficiency value
within the SBMmodel, signifying the assessed DMU. In Equation 3,
S- ≥ 0 and S+> 0 represent the input and output slacks, respectively.

Meanwhile, xλ and yλ refer to the input and output quantities along
the frontier, respectively.

The traditional SBM model measures efficiency up to 1, which
does not allow for comparisons between efficient DMUs. However,
Tone, (2001) introduced enhanced the original model by proposing
the super-efficient SBMmodel, which calculates efficiency values for
all DMUs and facilitates comparisons between efficient DMUs. The
formula for the super-efficient SBM model is structured as
Equations 4, 5:

σ* � min
1
m∑m

i�1
�x
xi0

1
s∑s

r�1
�y
yr0

(4)

S.T.

�x ≥Xλ
�y ≤Yλ
�x ≥ x0and�y ≤ y0
λ> 0

⎧⎪⎪⎪⎨⎪⎪⎪⎩ (5)

As the tension between resources, the environment, and the
economy becomes increasingly apparent, scholars have recognized
the significance of sustainable development in their studies on the
quality of economic growth. To enhance the measurement of
economic growth quality, the super-efficient SBM model
considers the inclusion of non-desired outputs.

Using the super-efficient SBM model as a foundation, each
DMU encompasses not only input and expected output vectors,
but also non-desired output vectors. These are designated as the
input, desired output, and non-desired output vectors, denoted as
X � (xij) ∈ Rm*n, Yg � (yij) ∈ Rs1*n, and Yb � (yij) ∈ Rs2*n,
respectively, where X > 0, Yg > 0, and Yb > 0. The formulation
of the SBM model equations that take non-desired output into
account is structured as follows:

α* � min
1 + 1

m∑m
i�1

s−i
xi0

1 − 1
s1+s2 (∑s1

r�1
sgr
ygr0

+∑s2
k�1

sb
k

yb
k0

(6)

S.T.

xi0 ≥∑n
j�1j ≠ 0xijλj − s−i , i � 1, ...,m

ygr0 ≤∑n
j�1j ≠ 0yrjλj + sgr , r � 1, ..., s1

ybk0 ≤∑n
j�1j ≠ 0ykjλj + sbt , k � 1, ..., s2

1 − 1
s1 + s2

∑s1

r�1
sgr
ygr0

+∑s2

k�1
sbk
ybk0

( )>

λ, sg, sb ≥ 0

j � 1, 2, ...,n j ≠ 0( )

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(7)

In Equation 6, α* denotes the efficiency measure for the
evaluated DMU, whereas λ indicates the importance assigned to
each DMU in Equation 7. Nevertheless, this model is limited to
yielding a singular static efficiency value, which represents a one-
time evaluation. This outcome, on its own, lacks comprehensiveness.
Accordingly, we employed the GML productivity index to compute
the GTFP growth rate, capturing the dynamic efficiency alterations.

4.1.2.2 GML index
Since the inception of the ML index by Chung et al. (1997) and

its subsequent adoption in GTFP measurement by various
researchers, it has become a prevalent method. Nevertheless, the
ML index carries clear limitations. Firstly, it employs a geometric
mean formulation, potentially leading to situations where linear
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programming cannot find a solution when assessing the inter-period
directional distance function. Secondly, it lacks transmissibility and
cyclic cumulativity. In contrast, Oh (2010) introduced the GML
productivity index, which is founded on the production possibilities
of the entire domain. This index possesses the desirable qualities of
being transmissible, cyclic, and amenable to inter-period
comparisons. The specific mathematical expression for this index
is provided in Equation 8:

GMLt+1
t � 1 +DG

V xt, yt, bt( )
1 +DG

V xt+1, yt+1, bt+1( ) (8)

When GMLt+1 > 1, it signifies an increase in GTFP, indicating
that the desired output in the production process is growing or the
undesired output is diminishing. Conversely, a value of less than
1 indicates a decline in GTFP. When GMLt+1 = 1, GTFP remains
constant. Furthermore, the GML index can be broken down into two
components: technical progress change (TC) and technical
efficiency change (EC). The decomposition formula for these
components is presented in Equation 9:

GMLt+1
t � 1 +DG

V xt, yt, bt( )
1 +Dt+1

V xt+1, yt+1, bt+1( ) ×
1+DG

V xt ,yt ,bt( )
1+Dt

V xt ,yt ,bt( )
1+DG

V xt+1 ,yt+1 ,bt+1( )
1+Dt+1

V xt+1 ,yt+1 ,bt+1( )
(9)

� ECt+1
t p TCt+1

t

EC can be further subdivided into two distinct components:
pure technical efficiency (PEC) and scale efficiency (SEC). PEC
represents the efficiency of production influenced by such factors as
management and technology, while SEC signifies the efficiency of
production linked to scale-related factors. The specific formula
expression is provided in Equation 10:

GMLt+1
t � PECt+1

t p SECt+1
t p TCt+1

t (10)

When EC > 1, it signifies that the respective DMU has moved
closer to the production frontier compared to the previous period,
indicating an improvement in technical efficiency. Conversely, when
EC < 1, a decrease in technical efficiency is implied. When EC = 1,
the technical efficiency remains unaltered.

If TC > 1, it denotes that the technical level of this DMU has
advanced in comparison to the prior period; conversely, it has
regressed when TC < 1. When TC = 1, the technical level
remains static.

To accurately gauge efficiency and productivity, it is imperative
to carefully choose relevant input-output data, as exemplified by this
paper’s GTFP measurement. The computation of the GTFP index
necessitates the consideration of factor input, desired output, and
non-desired output indicators. Among these, the factor input
indicators primarily encompass such metrics as the year-end
urban workforce count, fixed capital investments, and total
energy consumption. Notably, the capital stock is commonly
estimated using the perpetual inventory method, and this
estimation process incorporates such data points as initial capital
stock, new fixed assets, and the rate of capital depreciation (Li and
Bai, 2018). The desired output is represented by the GDP at constant
2004 prices, while total energy consumption signifies the non-
desired output. The production function is formally defined in
Equation 11:

Y,U( ) � F K, L,E( ) (11)
K represents capital inputs, L represents labor inputs, E

represents energy inputs, Y represents desired outputs, and U
represents undesired outputs.

4.2 Sample selection and data description

4.2.1 Explained variables
This study employed the widely accepted IPCC reference

method to compute CO2 emissions stemming from fossil fuel
usage in Chinese provinces between 2004 and 2020. To evaluate
GTFP within the mining industry, we employed a combined
approach using the SBM-GML model through MaxDEA
software. This approach yields results that offer the advantage of
inter-period comparisons. The level of STI within each province was
measured through internal research and development
(R&D) funding.

4.2.2 Control variables
Given the strong connection between carbon emissions and

carbon intensity with economic development, it is imperative to
account for the varying economic development characteristics
within the treatment and control groups. This adjustment
ensures that the carbon emissions of both groups are
comparable. In this paper, we selected certain control variables to
assess the diverse attributes of regional economic development.
These include: (1) Industrial composition, particularly the
contribution of the secondary industry’s value added to GDP
(strind); (2) Extent of external engagement, as represented by
foreign direct investment (strwz); (3) Level of market
development, quantified by the market index (market index); and
(4) Fiscal reliance, indicated by the ratio of local public budget
revenue to GDP (strpub).

4.2.3 Indicators representing market dynamics and
administrative influence proxies

We employed two metrics, carbon trading price and market
liquidity, to assess the state of carbon trading, serving as proxies for
the market mechanism. Specifically, the carbon trading price was
calculated as the logarithmic transformation of the annual average of
daily closing prices (price), while market liquidity was determined as
the logarithmic transformation of the annual count of non-zero
trading days (liqui). Moreover, we considered government control to
be synonymous with administrative intervention. Therefore, an
indicator reflecting the extent of government control can also
serve as a measure of the level of administrative intervention.
Given that the primary entities responsible for emissions control
in the pilot area are predominantly SOEs (Zhao et al., 2016), as well
as that the government possesses greater potential control over such
enterprises compared to their non-state-owned counterparts (e.g.,
by linking compliance behavior of emissions control entities with
the SOEs’ performance appraisal and evaluation system), this paper
used the proportion of SOEs (strgygz) as a measure of administrative
intervention. The proportion of fixed assets of SOEs in industrial
enterprises above the designated size precisely measures the
proportion of SOEs. In addition, taking into account that the

Frontiers in Environmental Science frontiersin.org07

Kebei et al. 10.3389/fenvs.2025.1555798

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1555798


higher the government’s share in the initial distribution of the
national economy, the closer the government’s relationship with
market players, and the stronger the market players can be
controlled, we selected the degree of fiscal dependence (strpub)
instead of the proportion of SOEs to conduct a robustness test.

4.2.4 Data description
This paper evaluates the Porter effect of the CETP using panel

data from 30 provinces in China between 2004 and 2020. Carbon
emission data were sourced from the China Carbon Emission
Accounting Database (Chen et al., 2021), the marketization index
from the China Sub-Province Marketization Index Report, the
carbon price was taken from the China Carbon Emission
Trading Network.,and other data were come from the China
Statistical Yearbook and China Industrial Statistical Yearbook of
the past years. Descriptive statistics were analyzed as shown
in Table 1.

5 Empirical results and robustness test

5.1 Parallel trend term test

Meeting the parallel trends assumption is a prerequisite when
employing the DID method. Essentially, this assumption dictates
that, prior to policy implementation, the experimental and control
groups must exhibit similar trends. This alignment is crucial because it
implies that the control group’s trend can serve as a suitable
counterfactual for estimating what might have happened to the
experimental group had it not been impacted by the policy. Failing
to meet the parallel trends assumption can result in the DID method
either overestimating or underestimating the policy’s effect.
Accordingly, we conducted a parallel trend analysis between the
experimental and control groups to validate the accuracy of our
DID estimation results. Additionally, following Beck’s (2010)
approach, we generated a graphical representation of the parallel
trend test, as illustrated in Figure 2. The findings showed that the
coefficient representing the difference between the control and
experimental groups consistently hovered around zero before the

CETP’s implementation. This indicates that the experimental and
control groups maintained a roughly parallel growth trajectory.
Consequently, we could reasonably compare these two groups,
confirming their compliance with the parallel trend test.
Furthermore, it should be noted that the selected indicators in this
paper met the assumed conditions for parallel trends.

5.2 Research on the porter effect of the
CETP based on DID model

The DID model is a fixed effects estimation method based on
quasi-natural experiments, and most studies apply the DID estimate
regression parameters by controlling for time and individual effects.
Hence, we also adopted the DID to estimate the Porter effect
of the CETP.

5.2.1 Baseline regression results
Table 2 shows the outcomes of the baseline regressions outlined in

Equation 13, where all regressions account for year-fixed effects, region-
fixed effects, and region-by-year interaction effects. In Table 2, Columns
(1), (3), and (5) do not include the control variables, while these are
included in Columns (2), (4), and (6). Upon reviewing Table 2, it
becomes apparent that, when solely considering year-fixed effects,
region-fixed effects, and region-year interaction effects, the DID
coefficient related to CO2 emissions is notably and significantly
negative at the 1% confidence level, with a coefficient value
of −0.786. Furthermore, the DID coefficients influencing GTFP and
STI are also significantly negative, reaching the 1%–5% confidence level,
with coefficient values of 0.327 and 0.439, respectively. Upon
introducing control variables, the DID coefficient linked to CO2

emissions remains significantly negative at the 1% confidence level,
with a coefficient value of −1.259. Similarly, the DID coefficients
affecting GTFP and STI continue to exhibit significance, albeit at the
1%–10% confidence level, with coefficient values of 0.257 and 0.243,
respectively. It can thus be inferred that the CETP concurrently achieves
a reduction in CO2 emissions within the pilot area, while also fostering
enhancements in both GTFP and the level of STI in the same region.
This substantiates a robust manifestation of the CETP’s Porter effect,

FIGURE 2
Parallel trends test.
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thereby validating hypotheses H1, H2, and H3. Therefore, we can posit
that the CETP policy effectively promotes carbon emission reduction,
enhances production efficiency, and boosts technological innovation
levels in the pilot provinces. The primary reasons for this are as follows:
(1) By setting a cap on total carbon emissions and allocating quotas, the
policy incentivizes enterprises to adopt emission reduction measures.
Firms can trade carbon emission quotas in the market, allowing those
with lower abatement costs to profit from selling surplus quotas, while
those with higher costs are motivated to reduce emissions to lower
expenses, thereby directly driving carbon emission reduction (Liu et al.,
2019). (2) The CETP policy increases the cost of carbon emissions for
enterprises, compelling them to optimize resource allocation, gradually
eliminate outdated production capacities, and adopt more efficient
production technologies and equipment, thereby improving production
efficiency (Hu et al., 2023). (3) The policy also encourages enterprises to
increase investment in R&D in such areas as low-carbon technologies
and clean energy, thereby fostering collaboration between industry,
academia, and research institutions, which, in turn, elevates the level of
technological innovation in the pilot provinces (Hu et al., 2020).

5.3 Placebo test

To further examine whether this study’s outcomes were influenced
by unobservable factors at the province-industry-year level, we
conducted a placebo test wherein the pilot provinces were randomly

assigned, with 6 of the 30 provinces designated as the treatment
group. It was assumed that these six provinces had implemented the
CETP, with the remainder of the country serving as the control
group. Through this random allocation, it could be ensured that the
independent variables constructed in this research exerted no impact on
CO2 emissions, GTFP, and STI. In simpler terms, any noteworthy
discovery would suggest that the regression findings presented in this
study may have been influenced by bias. To address this concern, we
performed 500 random samples and executed benchmark regressions.
Figure 3 illustrates the average values of the regression estimates across
these 500 random assignments. Notably, the mean values of all
estimated coefficients were revealed to be almost zero. Furthermore,
Figure 3 plots the distribution of the 500 estimated coefficients alongside
their corresponding p-values. It is evident that these distributions are
tightly clustered around zero, with the majority of estimates possessing
p-values greater than 0.1. Simultaneously, the actual estimates related to
CO2 emissions, GTFP, and STI stood out as clear anomalies in the
placebo test. Taken together, these findings strongly suggest that the
estimates presented in this paper are unlikely to have been influenced by
unobservable factors specific to the province-industry-year context.

5.4 PSM-DID robustness test

To ensure the accuracy of the regression outcomes and
account for inter-province variability’s impact on the results,

TABLE 1 Porter effect impact study of CETP.

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

CO2 CO2 GTFP GTFP STI STI

DID −0.786* −1.259*** 0.327** 0.257* 0.439*** 0.243***

(0.470) (0.350) (0.147) (0.144) (0.099) (0.048)

dt 1.287*** −0.119 0.678*** 0.375*** 0.296*** −0.260***

(0.210) (0.204) (0.066) (0.084) (0.044) (0.028)

du −0.549 −0.552** 0.124 −0.062 0.196*** 0.001

(0.342) (0.281) (0.107) (0.115) (0.072) (0.039)

strwz 0.005*** −0.001 0.002***

(0.002 (0.001) (0.001)

strind 7.426*** −1.448*** −0.727***

(0.942) (0.387) (0.130)

market index −0.045 0.070** 0.025***

(0.067) (0.028) (0.009)

strpub 0.477*** 0.054*** 0.124***

(0.044) (0.018) (0.006)

Constant 2.577*** −1.486*** 1.113*** 1.288*** 0.128*** 0.043

(0.153) (0.559) (0.048) (0.229) (0.032) (0.077)

Observations 510 510 510 510 510 510

R-squared 0.099 0.512 0.263 0.315 0.274 0.829

Standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.
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we employed the PSM-DID method for a robustness
examination. Initially, the indicator signifying the treatment
group (Treat = 1) served as the dependent variable. Covariates
such as the share of value added by the secondary industry in
GDP (strind), foreign direct investment (strwz), marketization
index (marketindex), and the proportion of local general public
budget revenue to GDP (strpub) were taken into consideration.
For the matching process, we opted for the non-replacement
method employing Mahalanobis distance matching to ensure
that matched observations would exhibit similarity across all

dimensions. Table 3 presents the standard support test results for
all variables both before and after propensity score matching,
while Table 4 showcases the outcomes of the PSM-DID analysis.

The study employed PSM-DID as a robustness test for the
model, with the finding reaffirming the earlier conclusions. The
results of the PSM-DID test once again validated the notion that the
CETP in China concurrently reduces CO2 emissions within the pilot
area, while also fostering enhancements in both GTFP and STI
levels. This reaffirms the presence of a strong Porter hypothesis
effect resulting from the CETP.

TABLE 2 Descriptive statistical analysis.

Variables Region Data source Obs Mean Std.
Dev

Min Max

CO2 CO2 (hundred million tons) China Emission Accounts and Datasets 510 3.065 2.225 0.148 11.401

GTFP GTFP China Industrial Economy Statistical
Yearbook

510 1.531 0.771 0.608

STI Funds for internal R&D
expenditure (trillion yuan)

China Statistical Yearbook 510 0.37 0.52 0.002 3.48

strwz Foreign direct investment
(billion US dollars)

China Statistical Yearbook 510 65.827 72.964 0 357.6

strind The proportion of the added value
of the secondary industry in GDP

China Statistical Yearbook 510 0.431 0.084 0.158 0.62

market index Marketization index Report on Marketization Index
of China’s Provinces

510 7.489 1.862 2.978 11.916

strpub General public budget expenditure by region
(hundred billion)

China Statistical Yearbook 510 3.563 2.879 0.123 17.431

Urbanization rate China Statistical Yearbook 510 0.534 0.162 0.196 0.938

price Carbon trading price China Carbon Emission Trading
Rights Trading Network

46 25.428 19.398 1.453 87.621

liqui Market liquidity China Carbon Emissions Rights Trading
Network

46 124.696 80.937 1 244

strpub Fiscal dependence China Statistical Yearbook 510 0.108 0.147 0.008 3.265

strgygz Proportion of state-owned enterprises China Statistical Yearbook 510 0.514 0.179 0.14 0.906

FIGURE 3
Placebo test.
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5.5 Excluding the impact of other relevant
policies of the same time period

The process of reforming environmental regulation policies in
China is intricate and ever-evolving. It frequently unfolds alongside
a multitude of concurrent economic policies and government
regulations that run in parallel. This intricate landscape can
complicate efforts to accurately pinpoint the specific impacts of
the CETP. In an effort to bolster the robustness of our estimation

results, we sought to isolate the influence of other pertinent policies.
Beyond the CETP, the introduction of the Ecological Civilization
Pilot Area policy in 2013 is another factor affecting the pilot regions.
To ensure the exclusion of any interference stemming from these
related policies, we chose to omit Guizhou, Jiangxi, and Fujian
provinces from the DID test. The regression findings demonstrate
that, even after excluding the impact of these concurrent policies, the
regression coefficient for the DID variable DID remained
statistically significant. Consequently, the benchmark regression

TABLE 3 Common support test for all variables before and after propensity score matching.

Variables Unmatched Mean %Reduct t-test V(T)/

Matched Treated Control %Bias |bias| t p > t V(C)

strwz U 104.780 56.089 68.3 6.25 0 1.09

M 96.880 92.598 6.0 91.2 0.32 0.749 1.08

strind U 39.532 43.997 −49.6 −4.93 0 1.82*

M 44.554 42.029 28.0 43.5 1.73 0.087 0.38*

market index U 9.232 7.053 146.7 11.95 0 0.45*

M 8.889 8.725 11.1 92.4 0.76 0.449 0.65*

strpub U 4.341 3.368 30.8 3.08 0.002 1.89*

M 4.349 4.428 −2.5 92.0 −0.13 0.901 1.94*

TABLE 4 PSM-DID test results.

Variables (1) (2) (3)

CO2 GTFP STI

DID −0.854** −0.175* 0.176***

(0.431) (0.091) (0.063)

dt −0.381 0.378*** −0.338***

(0.279) (0.105) (0.041)

du −0.708** −0.003 −0.058

(0.305) (0.115) (0.044)

strwz 0.007*** −0.001 0.001***

(0.002) (0.001) (0.001)

strind 0.101*** −0.015** −0.012***

(0.016) (0.006) (0.002)

market index −0.333** 0.160*** 0.127***

(0.130) (0.049) (0.019)

strpub 0.489*** 0.052*** 0.127***

(0.054) (0.020) (0.008)

Constant −0.377 0.534* −0.539***

(0.801) (0.301) (0.117)

Observations 295 295 295

R-squared 0.580 0.361 0.863

TABLE 5 Excluding contemporaneous policy robustness tests.

Variables (1) (2) (3)

CO2 GTFP STI

DID −1.291*** 0.265* 0.237***

(0.357) (0.151) (0.050)

dt 0.058 0.397*** −0.263***

(0.217) (0.092) (0.030)

du −0.851*** −0.101 0.005

(0.292) (0.123) (0.041)

strwz 0.003* −0.001 0.002***

(0.002) (0.001) (0.001)

strind 8.414*** −1.365*** −0.768***

(0.973) (0.411) (0.137)

market index 0.094 0.090*** 0.019*

(0.076) (0.032) (0.011)

strpub 0.436*** 0.044** 0.126***

(0.046) (0.019) (0.006)

Constant −2.613*** 1.145*** 0.096

(0.619) (0.262) (0.087)

Observations 459 459 459

R-squared 0.542 0.306 0.835
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results in this paper were substantiated as robust. Table 5 shows the
relevant regression results.

5.6 Tests for synergistic porter effects of
market mechanisms and administrative
interventions

The preceding benchmark regression and robustness findings
suggest that the CETP has a notable and consistent impact: it
significantly reduces CO2 emissions while concurrently boosting
GTFP and STI in the pilot areas. These well-supported empirical
conclusions serve to substantiate a strong Porter effect within these
pilot provinces. However, it should be noted that the Porter effect
observed in the CETP’s impact on the pilot regions may not be solely
attributable to the functioning of the market mechanism. This is due
to the fact that the development of the CETP in China is not yet fully
mature, and the market mechanism may not be functioning
optimally. To assess the extent to which the pilot regions achieve
the Porter effect through the market mechanism, we adjusted
Equation 1 as follows:

Yit � β0 + β1DIDit + θDIDit p perfit + β2duit + β3dtit + εit (12)

Within these variables, perfit serves as an indicator to assess the
effectiveness of the market mechanism. Specifically, it takes into
account such factors as carbon pricing and market liquidity, with θ

denoting its associated coefficient. When including both DIDit and
its interaction with the perfit term simultaneously, the coefficient β1
signifies the absence of any market mechanism impact on the CETP.
This could occur, for instance, if the carbon price were set at zero.
On the other hand, θ represents the degree of heterogeneity in
carbon emission reduction effects resulting from carbon trading. θ
stands as a pivotal coefficient for gauging the effectiveness of the
market mechanism. The significance of the remaining symbols
aligns with that in Equation 1.

Table 6 presents the pertinent regression findings. First, when
evaluating the market mechanism using carbon prices for CO2

emissions, the coefficient θ exhibited no statistically significant
negative correlation at the 10% confidence level. However, it is
notable that the absolute value of the coefficient β1 diminished and
achieved statistical significance at the 1%–5% confidence level. This
suggests that the CETP significantly drives CO2 emission reduction

TABLE 6 Regression results of carbon price and market liquidity on the Porter effect.

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

CO2 CO2 GTFP GTFP STI STI

DID −1.055** −0.826* 0.112 0.211 0.0337 0.246***

(0.420) (0.436) (0.170) (0.179) (0.056) (0.060)

DID*price −0.010 0.018*** 0.010***

(0.0111) (0.005) (0.001)

DID*liqui −0.004* 0.001 0.028

(0.003) (0.001) (0.001)

dt −0.136 −0.164 0.405*** 0.380*** −0.243*** −0.260***

(0.205) (0.206) (0.083) (0.085) (0.027) (0.029)

du −0.562** −0.543* −0.044 −0.063 0.011 0.001

(0.281) (0.280) (0.114) (0.115) (0.037) (0.039)

strwz 0.005*** 0.005*** −0.001* −0.001 0.0018*** 0.002***

(0.002) (0.002) (0.001) (0.001) (0.001) (0.001)

strind 7.208*** 7.304*** −1.051*** −1.435*** −0.502*** −0.728***

(0.975) (0.944) (0.395) (0.388) (0.129) (0.131)

market index −0.046 −0.056 0.072*** 0.071** 0.026*** 0.025***

(0.067) (0.067) (0.027) (0.028) (0.009) (0.009)

strpub 0.478*** 0.491*** 0.053*** 0.0528*** 0.123*** 0.124***

(0.044) (0.045) (0.018) (0.019) (0.006) (0.006)

Constant −1.384** −1.386** 1.102*** 1.277*** −0.062 0.044

(0.571) (0.561) (0.231) (0.231) (0.076) (0.078)

Observations 510 510 510 510 510 510

R-squared 0.513 0.515 0.335 0.315 0.844 0.829
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through means other than the market mechanism. Regarding GTFP,
the coefficient θ was notably positive and reached statistical
significance at the 1% confidence level. Additionally, the absolute
value of the coefficient β1 decreased from 0.257 to 0.112, suggesting
that the carbon trading price can indeed significantly enhance
GTFP. Nonetheless, the CETP continues to significantly boost
GTFP through avenues beyond the market mechanism. In the
context of STI, the coefficient θ exhibited a substantial and
statistically significant positive effect at the 1% confidence level.
Furthermore, the absolute value of the coefficient β1 notably
declined from 0.243 to 0.0337. This indicates that the carbon
trading price can indeed significantly elevate STI. Nevertheless, it
must be emphasized that the CETP continues to play a significant
role in advancing STI through avenues that extend beyond the
market mechanism. Second, when assessing the market mechanism
using market liquidity for CO2 emissions, the coefficient θ registered
as statistically significant and exhibited a negative correlation at the
10% confidence level. Furthermore, while the absolute value of the
coefficient β1 diminished, it remained statistically significant at the
10% confidence level. This implies that higher market liquidity can
indeed significantly augment the CETP’s carbon emission reduction

impact. Nevertheless, it ought to be highlighted that the CETP
continues to significantly reduce carbon emissions through means
other than the market mechanism. When considering GTFP, the
coefficient θ exhibited no statistically significant negative correlation
at the 10% confidence level. However, it is noteworthy that the
coefficient β1 does decrease from 0.257 to 0.211. While the
coefficient θ, assessing the influence of market liquidity on GTFP,
does not reach statistical significance, it is notable that the absolute
value of β1 decreases. This suggests that the market mechanism, as
gauged by market liquidity, may have some degree of effectiveness.
In terms of STI, although the coefficient θ was positive, it did not
achieve statistical significance. Nonetheless, the absolute value of
coefficient β1 decreased and was statistically significant at the 1%
confidence level. This implies that the carbon market substantially
contributes to elevating levels of STI through mechanisms that
extend beyond typical market channels.

Based on the empirical findings presented above, several key
conclusions can be drawn. Indeed, the CETP’s Porter effect in the
pilot regions can be partially attributed to the market mechanism
centered around carbon trading. The carbon trading price exerts a
significant influence on both GTFP and STI within the pilot

TABLE 7 Regression results of the impact of the proportion of state-owned enterprises and fiscal dependence on the Porter effect of CETP.

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

CO2 CO2 GTFP GTFP STI STI

DID −1.204*** −2.533*** 0.264* −0.901*** 0.231*** −0.148

(0.363) (0.820) (0.149) (0.333) (0.050) (0.112)

DID × strgygz 2.737* 2.488*** 0.841***

(1.593) (0.646) (0.218)

DID × strpub −0.294** 0.039* 0.0651**

(0.147) (0.021) (0.033)

dt −0.118 −0.163 0.375*** 0.335*** −0.260*** −0.273***

(0.204) (0.205) (0.084) (0.083) (0.028) (0.028)

du −0.555** −0.506* −0.063 −0.020 0.001 0.015

(0.281) (0.282) (0.115) (0.114) (0.039) (0.039)

strwz 0.005*** 0.004** −0.001 −0.001* 0.002*** 0.002***

(0.002) (0.002) (0.001) (0.001) (0.001) (0.001)

strind 7.333*** 8.030*** −1.460*** −0.899** −0.706*** −0.542***

(0.957) (1.004) (0.393) (0.407) (0.132) (0.137)

market index −0.048 −0.057 0.069** 0.059** 0.025*** 0.021**

(0.067) (0.067) (0.028) (0.027) (0.009) (0.009)

strpub 0.474*** 0.505*** 0.054*** 0.080*** 0.124*** 0.133***

(0.044) (0.047) (0.018) (0.019) (0.006) (0.006)

Constant −1.428** −1.719*** 1.296*** 1.076*** 0.030 −0.028

(0.568) (0.574) (0.233) (0.233) (0.079) (0.078)

Observations 510 510 510 510 510 510

R-squared 0.512 0.515 0.315 0.334 0.829 0.834
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provinces. Additionally, market liquidity plays a role in shaping
carbon emission reductions in the pilot regions. However, it must be
borne in mind that the CETP’s Porter effect in the pilot areas also
originates from non-market mechanisms distinct from
carbon trading.

Considering that this effect has origins beyond carbon trading, a
pertinent question arises: Is this non-market mechanism closely
linked to the extent of government administrative intervention in
the market? In order to examine hypotheses H4 and H5, we made
the following adjustments to Equation 12:

Yit � β0 + β1DIDit + θDIDit p govit + β2duit + β3dtit + εit (13)

In these modifications, govit functions as the metric for gauging
government administrative intervention, encapsulating such
elements as fiscal dependence and the proportion of SOEs. The
coefficient β1 corresponds to this metric. Furthermore, DIDit × govit
represents the interaction term between the DID variable and the
extent of administrative intervention. The coefficient θ linked to this

term is vital to assessing whether the influence of administrative
intervention impacts the carbon abatement effects of the carbon
market. The meanings of the remaining symbols remain consistent
with those outlined in Equation 13. The pertinent regression results
are presented in Table 7.

In the context of CO2 emissions, GTFP, and STI, the interaction
terms involving the DID variables and the percentage of SOEs all
exhibited statistical significance, ranging from the 1%–10%
confidence level. This implies that, as the proportion of SOEs
increases, the CETP’s Porter effect in the pilot region
strengthens. Essentially, this indicates that a more pronounced
government capacity to regulate the market corresponds to a
more significant Porter effect of the CETP in the pilot region.
Substituting the proportion of SOEs with fiscal dependence, the
regression coefficients of the pertinent interaction terms continued
to exhibit statistical significance, falling within the 1%–10%
confidence range. This ensured that the research outcomes
remain unaltered. Furthermore, the DID variable can be

TABLE 8 Further regression results on the synergistic Porter effect of market mechanisms and administrative intervention.

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

CO2 GTFP STI CO2 GTFP STI

price −0.087*** −0.028** 0.001

(0.029) (0.012) (0.004)

price*strgygz 0.099** 0.071*** 0.015**

(0.045) (0.018) (0.006)

liqui −0.013** −0.008*** −0.002***

(0.005) (0.002) (0.001)

liqui*strgygz 0.0135 0.019*** 0.006***

(0.011) (0.004) (0.002)

dt −0.285 0.388*** −0.238*** −0.313 0.369*** −0.238***

(0.197) (0.078) (0.026) (0.198) (0.080) (0.027)

du −0.815*** 0.0176 0.046 −0.794*** 0.034 0.090***

(0.242) (0.0962) (0.032) (0.242) (0.098) (0.034)

strwz 0.004** −0.001* 0.002*** 0.004** −0.001* 0.002***

(0.002) (0.001) (0.001) (0.002) (0.001) (0.001)

strind 0.075*** −0.007* −0.004*** 0.077*** −0.009** −0.006***

(0.010) (0.004) (0.001) (0.010) (0.004) (0.001)

market index −0.053 0.064** 0.024*** −0.063 0.064** 0.023**

(0.068) (0.027) (0.009) (0.068) (0.027) (0.009)

strpub 0.499*** 0.070*** 0.127*** 0.514*** 0.076*** 0.130***

(0.046) (0.018) (0.006) (0.047) (0.019) (0.007)

Constant −1.439** 0.967*** −0.100 −1.474** 1.044*** −0.048

(0.577) (0.230) (0.076) (0.575) (0.232) (0.080)

Observations 510 510 510 510 510 510

R-squared 0.511 0.355 0.846 0.512 0.337 0.829
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substituted with carbon trading variables, such as carbon price and
market liquidity, which provide a more comprehensive set of
information. The regression findings showed that the regression
coefficients related to the interaction between carbon trading
variables and the proportion of SOEs were statistically significant
within the 5%–10% confidence level. This further affirms that,
within the collaborative framework of market mechanisms and
administrative intervention, when the operational efficiency of
the CETP decreases, the magnitude of government control over
the main body responsible for emission control becomes a crucial
factor. As this government control intensifies, the Porter effect of the
CETP becomes more pronounced. Table 8 shows the relevant
regression results.

In sum, the empirical test results presented above demonstrate
that the CETP does indeed manifest the Porter effect within the pilot
area. However, the current carbon trading market mechanism plays
a limited role in fostering this effect. On the other hand, the CETP’s
Porter effect can be amplified effectively by the government actively
exercising control over the market.

Consequently, the empirical results presented in this study
corroborate that the current pilot regions within China’s CETP
can indeed achieve the Porter effect. This accomplishment is
predicated on the collaborative interplay between market
mechanisms and administrative interventions, effectively
incentivizing compliance among entities responsible for emission
control. It should be highlighted that, while both the CETP and
emissions trading fall within the realm of market-based
environmental regulation, the energy-saving impact of China’s
emissions trading pilot exhibits a notably positive correlation
with the level of marketization (Shi et al., 2020). In contrast to
emissions trading, which commenced its pilot phase in 2007, the
policy implemented in these pilot regions had a later start date and a
shorter implementation period. Furthermore, the construction of
the corresponding market mechanisms still needs to be completed.
Consequently, during the initial stages of development, the CETP
still heavily relies on administrative intervention. However, as the
CETP and its associated system within these regions continue to
mature and gradually evolve, its Porter effect is anticipated to
progressively intensify in the future.

6 Key findings and policy implications

Leveraging China’s inter-provincial panel data from 2004 to
2020, this paper used the DID method to assess the Porter effect
arising from the CETP. Robustness tests were conducted through
the use of a placebo test, PSM-DID analysis, and by excluding
concurrent related policies. The empirical findings consistently
demonstrated that the CETP substantially fosters carbon
emission reduction within the pilot provinces. Additionally, it
enhances GTFP and STI levels in these regions. These outcomes
affirm the presence of a robust Porter effect attributed to the
CETP. Secondly, based on the synergistic perspective of the
market mechanism and administrative intervention, we
explained and examined the CETP’s Porter effect from both
theory and practice. Our findings suggest that the market
mechanism has a limited impact on the Porter effect’s CETP,
while regional administrative intervention can significantly

enhance it. Accordingly, the current CETP in the pilot region
is realized through the synergistic effect of the market mechanism
and administrative intervention. Hence, the execution of the
CETP should effectively use both market forces and
government intervention. It is essential to proactively advance
the development of the CETP while also maximizing the
government’s role. Considering these findings, the paper offers
the following policy suggestions.

The pilot policy has significantly improved carbon reduction,
GTFP, and STI in the pilot regions. As such, the government
would do well to further promote the expansion of the CETP and
gradually establish a unified national carbon trading market with
participation across industries so as to enhance its Porter effect.
Financial institutions should be encouraged to participate in the
carbon market, attracting a diverse range of market participants
and gradually integrating high-energy-consuming industries into
the trading system so as to improve market liquidity.
Additionally, the carbon pricing mechanism should be refined
by introducing carbon price adjustment tools to mitigate
excessive price volatility and strengthen firms’ long-term
market expectations.

While market mechanisms can partially enhance the Porter
effect, administrative intervention plays a more critical role in
significantly amplifying it. Therefore, the implementation of the
CETP should effectively leverage both market forces and
government intervention, ensuring a coordinated approach.
Policymakers should avoid a “one-size-fits-all” approach by
dynamically adjusting the intensity of administrative
interventions (e.g., allowance allocation and regulatory
enforcement) based on real-time market data, such as carbon
prices and liquidity. Additionally, a regionally differentiated
strategy should be adopted, with increased policy support and
technology transfer initiatives tailored to underdeveloped regions
in central and western China.

This study has several limitations. First, although we
employed multiple methods (e.g., Difference-in-Differences,
Propensity Score Matching-DID) to rigorously estimate the
effects of the CETP policy, our analysis relied solely on
provincial-level data due to the policy’s implementation at the
provincial scale. Future research should extend this work by
incorporating city-level data to capture localized impacts.
Second, we focused on the direct effects of the CETP policy
but did not explore its potential spatial spillover effects, which
represents an avenue for further investigation.
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