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Abstract: China launched the National Carbon Emissions Trading Market (NCETM) in July 2021,
heralding the first nationwide implementation of carbon emissions trading since the 2011 pilot
scheme in China. The NCETM serves as a vital policy instrument that employs market mechanisms to
regulate and mitigate greenhouse gas emissions. Thus, this study aims to examine how the NCETM
in China, as an environmental regulatory policy, impacts environmental protection investment (EPI)
made by enterprises. Specifically, the research seeks to address three key questions: (1) Does the
NCETM have an impact on corporate EPI? (2) What are the mechanisms underlying the effect of the
NCETM on corporate EPI? (3) Additionally, does the impact of the NCETM on corporate EPI vary
with the location of the firms? By utilizing financial data from listed firms from 2018 to 2022 and
employing the difference-in-differences (DID) model, the empirical results suggest that: (1) NCETM
significantly stimulates the increase in EPI by firms. (2) The NCETM promotes environmental
investment by inducing higher R&D expenditures. (3) The effects of NCETM on firms’ EPI vary
across regions, with the policy only being effective for firms in non-pilot regions that did not engage
in the carbon emissions trading market prior to NCETM. This study provides empirical evidence for
the microeconomic effects of the NCETM and a useful reference for the implementation of carbon
emissions trading policies.

Keywords: national carbon emissions trading market; environmental protection investment; R&D
expenditures; difference-in-differences (DID) model

1. Introduction

Given the pressing urgency of the escalating crisis of global warming and the in-
creasingly detrimental impact of human activity on the environment, effective policies
aimed at reducing emissions and conserving energy have been discussed by the inter-
national community. These efforts should aim not only to curtail emissions but also to
necessitate efficient resource allocation among nations [1]. Consequently, discussions about
the allocation of carbon emissions rights have been a topic of global interest. The Kyoto
Protocol officially began on 16 February 2005, and the European Union’s Emission Trad-
ing Scheme (EU ETS) launched in 2005, giving shape to the global carbon market, which
aims to effectively allocate carbon emissions rights by trading carbon allowances [2]. As
a unique environmental regulatory tool, the carbon emissions trading market exhibits
distinct market characteristics [3–5]. The primary objective of this initiative is to harness
market mechanisms, such as price discovery, to maximize the efficiency of carbon reduc-
tion efforts throughout society [3]. The allocation of carbon allowances occurs through
government-issued allowances, fixed-price sales, or competitive auctions [6–8]. Expand-
ing on this foundation, the carbon emissions trading market is implemented to monitor
the emissions rights pricing, creating a secondary market [6]. This strategy effectively
internalizes environmental pollution externalities into corporate responsibilities through
market-based pricing mechanisms, ultimately achieving the goal of reducing the total
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carbon emissions produced by businesses [8,9]. The frame of the carbon emissions trading
system, which utilizes carbon emissions allowances, is presented in Figure 1.
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From 2001, when China joined the World Trade Organization, until around 2011, its
carbon emissions grew rapidly, increasing from 14.86% to 28.57% of the world’s total [11].
Between 2012 and 2021, China’s carbon emissions growth rate slowed down due to a
slowdown in GDP growth, a decline in the energy intensity of GDP, and faster decarboniza-
tion [12,13]. However, China remains the largest emitter of CO2, with the highest GDP
carbon intensity among major economies worldwide [14]. According to the IEA’s report,
global CO2 emissions related to energy and industrial emissions are projected to reach
36.8 billion tons in 2022, with China accounting for about one-third of total global carbon
emissions, emitting 12.1 billion tons [14].

To address climate change, since 2011, the Chinese government has taken a pioneering
step by launching a pilot carbon emissions trading scheme (CETS) in eight provinces and
municipalities. Then, on 16 July 2021, the Chinese government officially announced the
establishment of the national carbon emissions trading market (NCETM). As of 17 October
2023, the NCETM had a cumulative turnover of 324.8 million tons and a total turnover of
RMB 16.64 billion [15]. This market has now become the major carbon emissions trading
platform in the world.

Similar to the stock market, the carbon emissions trading market can be divided into a
primary market and a secondary market [6]. The government mainly issues carbon emis-
sions allowances to emissions control enterprises, which constitute the primary market. The
issuance of corresponding carbon allowances is governed by a policy cap on total annual
emissions. The secondary market primarily serves as a platform for trading surplus carbon
allowances, involving participants such as emissions control enterprises and professional
investment institutions. A simple visual representation of this trading model is shown in
Figure 2.
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As significant NCETM participants, enterprises hold considerable sway over carbon
emissions resulting from production [16]. The externalities of the eco-environment and
the lack of balance between environmental protection and environmental pollution pose
a challenge for enterprises in implementing robust environmental governance [17]. In
the context of government regulatory instruments, enterprises adopt a stance focused on
maximizing economic efficiency [18]. Their decisions are shaped by a careful evaluation
of the advantages and disadvantages of proactive environmental investments and the
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procurement of necessary environmental equipment to meet pollution emissions stan-
dards [18]. This results in a scenario characterized by passive environmental governance.
Environmental regulations, through exerting pressure, could push companies to engage in
environmental stewardship and increase corporate environmental protection investment
(EPI) [19], ultimately helping to achieve sustainable development goals. Nevertheless, an
overabundance of regulatory pressure can potentially produce adverse effects [20]. When
environmental regulations impose external pressure on firms lacking internal motivations,
their investment in environmental protection may become a pragmatic compromise be-
tween benefits and costs [18]. Corporate investment in environmental protection is often
marked by long cycles and a diminished return on investment, deviating from the cor-
porate aim of profit maximization [21]. This leads many enterprises to show reluctance
in allocating resources toward programs contributing to environmental protection. As a
result, their environmental protection conduct is mainly reactive, mostly motivated by the
pursuit of compliance [22].

Therefore, governments need to design innovative policy tools to provide adequate
incentives for enterprises to increase their EPI, to achieve green development. The imple-
mentation of a carbon emissions trading market has spurred a noteworthy shift, motivating
companies to actively pursue innovation in technology and manufacturing processes, re-
sulting in a reduction in carbon emissions [23]. Such proactive engagement generates
social benefits and simultaneously strengthens economic gains derived from market mech-
anisms [16].

The literature lacks a consensus on whether government-mandated environmental
regulations are effective in encouraging stronger investments in environmental protection.
The pollution paradise hypothesis posits that strict environmental policy requires firms to
invest more in the protection and conservation of eco-environment [24]. This can lead to
higher costs of production and lower profits [24]. Conversely, Porter’s hypothesis argues
that proper environmental regulations could stimulate business investments and encourage
innovation in the technology [17]. Such regulations can prompt a transition away from
traditional production methods and product structures, ultimately increasing dedication
to environmental investments [17]. Moreover, the factor endowment hypothesis suggests
that enterprises base their decisions regarding EPI on a calculation that compares the
costs incurred by the enterprise to the benefits gained from adhering to environmental
regulations [18].

Enterprises’ decisions regarding investments in environmental protection are influ-
enced by numerous factors. Although environmental regulation is a compulsory tool, its
effectiveness depends on the specific circumstances. China, a primary emitter of carbon
and a prototypical representation of a developing economy, faces unique challenges arising
from its distinct political and economic institutional context in setting up and operating a
carbon emissions trading market [25,26]. Additionally, the status quo of China’s carbon
emissions trading market displays a budding stage with significant dynamism, indicating
that maturity and operational efficiency remain distant [27]. The NCETM in China is at
a nascent stage, characterized by ongoing testing and evaluation. The trajectory of its
development is yet to be fully formed.

Therefore, the effectiveness of the NCETM in China to motivate companies to increase
their investment in environmental protection remains uncertain. Previous research on
the micro-level impact of the carbon emissions trading market on firms has primarily
focused on the market’s influences on aspects, such as firms’ green transformation, capital
allocation efficiency, and corporate financing [28–30]. However, only a few studies have
delved into the area of corporate EPI. While Lv et al. investigated carbon emissions trading
and its impact on corporate environmental investment in pilot regions [31], there is still a
relative dearth of research from the NCETM perspective. As opposed to the examination of
pilot data, a study that encompasses national policy can provide a more comprehensive
interpretation of the overall state of policy implementation and allow for a deeper analysis
of the long-term impact and sustainability of the policy. As such, this paper will focus on
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addressing the following research questions: (1) Does the establishment of the NCETM
have an effect on firms’ EPI? (2) What mechanisms underlie the impact of the NCETM on
corporate EPI? (3) Furthermore, do these effects vary according to the region in which firms
are located?

To address these questions, this study conducts a theoretical analysis of how the
NCETM affects corporate EPI and its underlying mechanisms. The study’s empirical
aspect tests these hypotheses by examining financial data from publicly traded companies
in China from 2018 to 2022. The difference-in-differences (DID) model is employed to
explore the impact of the NCETM. Further analyses explore the impact’s mechanisms and
potential heterogeneity in effects. Our study reveals some significant results. We determine
that the implementation of the NCETM positively impacts the EPI of businesses. Our
findings specifically indicate that Research and Development (R&D) investment serves
as the intermediary role in mediating this effect. Moreover, the impact of the NCETM
on enterprises is not consistent across diverse regions. Notably, the NCETM displays a
significant influence on the EPI of firms in non-pilot regions, but no such effect is observed
in pilot regions, showcasing regional variations.

Thus, this study contributes to the existing literature by empirically validating the
positive effect of the NCETM on corporate EPI, while at the same time elucidating the
underlying mechanisms. These findings have implications for both academic and practical
perspectives on large-scale carbon emissions trading markets and corporate environmen-
tal performance. The implications of our study extend to policy considerations, as the
study underscores the need for governments to consider the differential impacts of carbon
markets on regulated firms across regions. Such insights are critical to improving the
performance of national carbon markets. Additionally, our study adds to the literature the
factors influencing firm EPI and provides valuable empirical insights for facilitating social
green development.

The remaining sections of this paper are organized as follows. Section 2 conducts
a comprehensive literature review, delving into prior research and existing literature
on both the carbon emissions trading market and the firm’s EPI. Section 3 provides a
theoretical analysis along with the formulated research hypotheses. Section 4 delineates the
research design, encompassing details on data sources, sample selection, and the chosen
methodology. Section 5 offers the empirical results. Section 6 summarizes key findings,
engaging in a discussion about the results. Section 7 presents theoretical implications and
policy recommendations, as well as limitations and future directions.

2. Literature Review
2.1. Carbon Emissions Trading Market

Since Coase’s introduction of the Coase theorem and its innovative perspective on
property rights and environmental issues, this seminal contribution has laid the foundation
for subsequent research in this area [9]. Coase posited that well-defined property rights have
the capacity to address negative externalities by market exchange, offering the theoretical
basis for the emission trading scheme [9]. Related literature predominantly concentrates on
the design mechanism of carbon emissions trading markets, carbon pricing, and its macro
and micro impacts.

Previous research has analyzed various aspects related to the construction and distri-
bution of carbon emissions trading markets. Niesten et al. focused on two main factors:
safeguarding endangered indigenous forests through limits on permitted afforestation
and reforestation efforts and specifically excluding these initiatives from carbon credit
allocations, and explored the distribution of carbon credits for forest management activities
in industrialized areas [32]. Fankhauser and colleagues conducted a study examining
the temporal dimension of carbon markets, specifically focusing on the intertemporal
design [33]. Their analysis centered around cap-and-trade systems’ structural components
at the enterprise level and aimed to critically evaluate the fundamental principles guiding
temporal design considerations [33]. Bryant utilized a case study methodology to examine
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recent efforts to reform the EU ETS, including measures to restrict industrial gas offsets, the
implementation of auctions for reverse allowances, and the introduction of the 2030 Climate
and Energy Package [34]. Hua et al. (2020) demonstrated a pioneering framework based on
blockchain technology for facilitating the private exchange of carbon credits [35]. This inno-
vative model facilitates direct interaction between producers and consumers, incentivizing
changes in consumption habits that lead to carbon emissions reduction goals [35].

Carbon pricing research can be broadly categorized into three aspects: factors influenc-
ing carbon prices, carbon price volatility and forecasting, and the effectiveness of carbon
pricing [36–39]. Fan and Todorova examined the interaction between energy prices and
carbon pricing, emphasizing that the impact of the prices of energy on carbon pricing
changes with time [6]. Zhu et al. introduced a multiscale analytical model to investigate
the influence factors of carbon pricing, revealing the different effects of electricity prices,
stock indices, and coal prices at different time scales [40]. Wu et al. explored the correlation
between different energy futures markets and carbon price volatility using the recursive
graph (RP) method and recursive quantitative analysis (ROA) [4]. Zhou et al. proposed a
hybrid framework involving variational modal decomposition (VMD) for the carbon price
forecasting [41]. Wang et al. constructed a carbon price prediction model on the basis of
probability density recursive networks, using recursive network construction techniques
for data and link prediction [42]. Wang et al. used a lower upper-bound estimation model
to estimate the range of carbon pricing [43].

On the macro level, there have been some studies of the impact of carbon markets
on economic activity, and the conclusion has been that carbon markets are generally
beneficial to social welfare. Zhou et al. concluded that the carbon emissions trading
market has the potential to promote regional equilibrium and facilitate the transition
towards environmentally sustainable, low-carbon practices in high-emission industries,
thereby substantially reducing the cost of carbon emissions and increasing overall societal
welfare [44]. Teixidó et al. concluded that the EU ETS is an effective driver of low-
carbon technological innovation [45]. Using a DID model, Yang et al. found that CETS
promotes employment expansion and carbon emissions reduction [46]. Zhang et al. found
that the CETS significantly improved the efficiency of green development, as indicated
by an increase in green total factor productivity and a decrease in investment in high-
carbon industries in pilot areas [47]. Using multi-period double-difference modeling
and spatial econometric methods, Tang and Xu concluded that the CETS significantly
increases the green total factor productivity of pilot areas through mechanisms, such as
energy structure adjustment, improvement in resource allocation, and promotion of green
technology innovation [48].

On the micro level, existing studies have mainly examined the influence of these
policies on various dimensions of firm activities, including investment expenditures, in-
novation and R&D, asset structures, and operating costs. Petroni et al. suggested that
carbon emissions trading market could result in some firms cutting back or closing down
production, hindering normal investment and reducing investment efficiency [29]. Qi et al.
found that pilot carbon trading policies encourage carbon-reduction innovation among
enterprises within the pilot scope, especially by reducing financing barriers [28]. Xu et al.
found that CETS significantly enhance the environmentally sustainable development for
heavy polluters, thereby promoting ecological transformation among these companies [30].
Nonetheless, it is important to note that the effect of carbon emissions trading markets on
the EPI has not been thoroughly investigated in prior literature. Lv et al., using data from
pilot regions, showed that the introduction of CETS improves corporate EPI by increasing
the emissions cost and strengthening the enforcement [31].

However, our study differs from Lv’s work. Specifically, our investigation analyzes
different mechanisms by which the NCETM impacts the EPI of firms, using the data
produced by the groundbreaking national implementation of a carbon emissions trading
market in China. It provides a valuable and unique perspective on the subject.
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2.2. Environmental Protection Investment

Investment in environmental protection plays a crucial role in building the social
responsibility of firms [49]. The main responsibility for investing in environmental protec-
tion lies with enterprises, emphasizing the significant role of businesses in environmental
preservation [50]. Additionally, such investments provide benefits for not only the in-
vestor but also for society and the environment at large [51]. The benefits of investing in
environmental protection are multifaceted, spanning beyond environmental concerns to
encompass economic and societal dimensions [52].

Enterprises necessarily consume environmental resources, including water, air, and
soil, during their production and operational activities, leading to the generation of pol-
lutant emissions, such as exhaust gases, wastewater, and waste. It has been argued that
waste management and pollution prevention investments are undesirable financial burdens
and obstacles to a company’s core objectives [24]. However, a growing group of scholars
are challenging this viewpoint, asserting that pollution prevention and its accompanying
investments result in significant economic advantages. By investing in environmentally
sustainable production processes as well as state-of-the-art machinery and equipment,
firms have the potential to improve the efficiency of their resource and energy usage [50].
This leads to decreases in both production and operational costs while also enhancing
overall business value [20,21].

Furthermore, pollution prevention efforts coupled with production process redesign
present enterprises with opportunities to implement paradigm shifts in their manufacturing
strategies [53]. Such transformations may take the shape of initiatives such as retrofitting
of outdated machinery facilities and dedicated research and innovation in the production
sphere. This shift could enhance production efficiency while simultaneously leveraging
new opportunities for competitive advantage in response to the launch of the carbon
emissions trading market [54].

Additionally, investing in environmental preservation can help mitigate the risks of
non-compliance and related costs for companies [55]. Moreover, China’s regulations related
to environmental issues have become more stringent, leading to higher environmental
risks and expenses for companies [56]. Therefore, companies can reduce their pollution
emissions and comply with national standards by proactively investing in environmental
protection, resulting in them avoiding environmental burdens, such as protection taxes and
penalties [56].

Although academic research has paid relatively limited attention to EPI, it is clear that
sensible environmental regulation has the potential to motivate enterprises by incentivizing
investments and stimulating technological advancement [57].

In summary, previous research has yet to comprehensively investigate the impact
and mechanisms of the policy of carbon emissions trading markets on firms’ EPI. This
study utilizes the implementation of the NCETM as a policy event and uses a quasi-natural
experimental framework to examine its effects and mechanisms. Unlike previous studies
that have relied primarily on pilot project data, the evidence from the study of the NCETM
provides a panoramic view of policy implementation at the national level, providing
policymakers with a thorough and unbiased assessment of the policy’s impact for future
environmental policymaking.

3. Theoretical Analysis and Research Hypotheses
3.1. CETS and Corporate EPI

The Coase theorem posits that, when all parties in society minimize transaction
costs and property rights are unambiguous, externalities cease to impede the efficient
allocation of resources [9]. As a result, externalities are internalized, and resources flow
seamlessly, facilitating the use of market mechanisms, including trading systems, to resolve
externalities. This process entails producers and consumers participating in interest-based
market transactions until a state of equilibrium is achieved [9].
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The low-carbon economy has prompted enterprises to turn toward green investments,
specifically in low-carbon technology innovation projects, within the carbon trading frame-
work [58,59]. For enterprises, EPI offers strategic options to limit carbon emissions. These
investments help enterprises to take advantage of the carbon emissions trading market
to gain additional revenue and improve economic efficiency [47]. Drawing from the mi-
croeconomic cost–benefit theory and factor endowment hypothesis, enterprises evaluate
costs versus benefits before making any investment [18,60]. Enterprises base their decisions
regarding environmental investments on a calculation that compares the costs incurred
by the enterprise to the benefits gained from adhering to environmental regulations. Ac-
cording to this framework, strict environmental regulations are considered to encourage
investing in environmental protection if the returns resulting from regulatory compliance
outweigh the costs associated with it. The point where marginal revenue equals marginal
cost (MR = MC) is the crucial decision point for firms [60].

In this study, MR represents the additional benefits gained from an enterprise’s EPI,
while MC denotes the additional costs incurred. The decision by enterprises to invest in
environmental protection depends on whether the marginal revenue (MR) exceeds the
marginal cost (MC). Prior to the implementation of government carbon emissions trading
policies, companies faced lax regulations, resulting in low emissions costs and fewer incen-
tives to reduce emissions, leading to MR < MC. However, increasingly strict environmental
protection policies and the launching of an NCETM have resulted in higher default costs,
whereas investments in environmental protection allow enterprises to potentially profit
by selling surplus allowances in the market [61]. As a result, MR > MC, encouraging
companies to actively increase their EPI. The increasingly strict environmental protection
policies and the launching of the NCETM might motivate companies to actively invest in
environmental protection [19,52], to reduce corporate emissions cost, and gain more social
value, which will ultimately improve corporate market performance and enhance corporate
value [62]. Based on the aforementioned discussion, we propose the following hypothesis:

Hypothesis 1. Carbon emissions trading policies can stimulate companies’ environmental investments.

3.2. The Mechanism of Corporate R&D Investment

From a pressure perspective, the NCETM requires companies to acquire carbon emis-
sions allowances corresponding to their actual emissions before the end of the compliance
period. If an enterprise continues to use its existing production technologies and meth-
ods, it will face the difficult decision of either purchasing additional carbon emissions
allowances in the market to offset the excess of specified emissions or, alternatively, reduc-
ing production within the constraints of a specified carbon emissions allowance. Regardless
of the coping strategy chosen, these actions escalate cost pressures on companies, erode
profit margins, and ultimately reduce the competitiveness of their products [31]. However,
companies that choose to drive technological advancements and production innovations
can not only reduce their long-term emissions costs but also mitigate legitimacy pressures
on their operations [58,59]. Technology R&D serves as a way for companies to alleviate
environmental regulatory pressures, reduce production costs, and cultivate competitive
advantages [63]. Thus, in today’s carbon emissions trading market, the integration of
technology R&D and innovation is a key means that companies need to choose to secure
competitive advantage [64]. At the same time, as companies enter the NCETM, they
face not only more stringent institutional rules regarding carbon verification, reporting,
and compliance but also increased scrutiny from markets and investors [64]. As a result,
companies are viewing technology R&D as a critical investment and making decisions
that increase the R&D investment [65]. To meet the challenges posed by the NCETM and
environmental protection regulations, firms are inclined to increase their R&D investment
in their long-term planning.

From an incentive perspective, the carbon emissions trading mechanism encour-
ages enterprises to proactively engage in research, development, and implementation of
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energy-saving and emission-reducing technologies to strengthen their green innovation
capabilities [45]. Government policies that subsidize investment expenditures for environ-
mental protection further motivate enterprises to enhance their R&D investment, ultimately
enhancing green innovation capabilities and increasing profit margins [21,28].

According to the resource-based view theory, evaluating a company’s resources ne-
cessitates considering intangible assets objectively [66]. R&D investments particularly
play a critical role in increasing intangible assets, such as enhancing knowledge and pro-
moting innovation in the products [67]. These enhancements may potentially increase
returns on environmental investments due to decreased environmental investment costs
for companies [68]. Furthermore, R&D intensity could strengthen companies’ participation
in environmental protection programs [67]. Firms with higher levels of R&D investment
demonstrate a greater inclination to adopt more environmental protection practices [69].
As a result, R&D investment is a crucial factor in determining a company’s EPI.

Based on this analysis, we propose the second hypothesis:

Hypothesis 2. NCETM can promote the EPI of enterprises through R&D Investment.

Based on theoretical analysis from various perspectives, including pressure, incentives,
and costs, the NCETM will lead enterprises to encourage managers to increase R&D
investment to expand EPI. This will result in a “win-win” scenario for both environmental
protection and enhanced corporate competitiveness. Figure 3 illustrates the research model
of the study, demonstrating the NCETM path to enhance the EPI of the enterprise.
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4. Methodology
4.1. Data Source and Processing

The study’s experimental group samples were selected from the list of management
entities included in the national carbon emissions control program, as reported by the
provincial departments of ecology and environment. Concerning the corporations in the
national carbon market regulation list, a total of 1794 entities from 22 provinces were
identified based on publicly attainable data (the information for autonomous regions such
as Ningxia and Guangxi was not disclosed). To maintain consistency, we exclusively
utilized the 2021 list since variations in inclusion between the lists in 2021 and 2022 were
trivial. We selected the listed companies from the 2021 list of management entities included
in the national carbon emissions control program as the experimental group. We obtained
financial data of the listed companies from CSMAR and macroeconomic data from Chioce.
We used 2018–2022 as the study interval, which is comprised of 10 half-year periods. The
market launched in the first half of 2021. After eliminating ST and ST* corporations, Hong
Kong-listed corporations, and listed corporations with absent explanatory variables, the
experimental group consisted of 67 listed corporations. These companies represent the
industries of electricity, heat, gas, water production, manufacturing, and mining. Detailed
information about the industrial distribution of these entities is given in Table 1.
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Table 1. Industrial distribution [70].

Industry Code Secondary Industry Quantity

C13 Manufacturing—Food Processing of Agricultural and Sideline Products 1
C14 Manufacturing—Food Manufacturing 3
C15 Manufacturing—Alcohol, Beverage, and Refined Tea Manufacturing 1
C17 Manufacturing—Textile Industry 2
C22 Manufacturing—Paper and Paper Products Industry 9
C25 Manufacturing—Petroleum Processing, Coking, and Nuclear Fuel Processing 2
C26 Manufacturing—Chemical Raw Materials and Chemical Products Manufacturing 21
C27 Manufacturing—Pharmaceutical Manufacturing 1
C28 Manufacturing—Chemical Fiber Manufacturing 3
C29 Manufacturing—Rubber and Plastic Products Manufacturing 2
C31 Manufacturing—Ferrous Metal Smelting and Rolling Processing 3
C32 Manufacturing—Non-Ferrous Metal Smelting and Rolling Processing 2

D44 Electricity, Heat, Gas, and Water Production and Supply—Electricity and Heat
Production and Supply 16

B06 Mining—Coal Mining and Washing 4
B07 Mining—Oil and Natural Gas Extraction 1

J67 Financial Industry—Capital Market Services 1

S90 Comprehensive—Comprehensive 1

4.2. Research Model

The difference-in-differences (DID) method is a widely used approach for analyzing
policy impacts. In this study, we utilize DID to examine the net impact of the NCETM.
To mitigate the influence of other confounding variables, like self-selection bias, which
can lead to endogeneity issues, we first employ propensity score matching (PSM) to select
control group samples. Then, we use one-to-many matching to reduce sampling variance
in the DID model.

4.2.1. Propensity Score Matching (PSM)

The factors considered in PSM are as follows: (1) Sector Carbon Emissions Intensity.
We define sector carbon emissions intensity as the ratio of sector carbon emissions to sector
output to regulate the possibility of enterprises being regulated. Industries with high
carbon emissions intensity are more likely to be included in the national carbon emissions
control list. This variable was chosen to achieve more precise matching. Data source:
National Bureau of Statistics. (2) Total Assets of Company. This study employs the year-end
reported values of total company assets as a proxy for total output and also as a control for
the probability of enterprise being regulated. High-output companies were prioritized for
inclusion in regulation policies based on previous pilot experiences. Data source: Chioce.

The main explanatory variable in this study is whether a listed company is included in
the list of management entities included in the national carbon emissions control program.
This is represented by a binary variable that equals 1 if included and 0 if not. We extracted
financial data from half-yearly reports of these public firms, spanning 10 half-year periods
starting from 2018 to 2022. With this information, we formulated a logistic linear model, as
described below:

ln
(

P(Treati=1|x)
1 − P(Treati=1|x)

)
= α0 + α1 ln(Sectori) + α2 ln(Assetsi) + εi (1)

Based on the results of PSM, an analysis of p-values was conducted to identify indi-
viduals with significant changes in p-values before and after matching. Additionally, it
was ensured that no significant differences in influencing factors emerged between the
experimental and control groups after matching. Consequently, a sample of 423 listed
companies, excluding those categorized as ST or ST*, was selected as the control group.
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This study utilizes financial panel data from 490 listed companies for 10 half-year periods,
covering their financial reports from 2018 through 2022.

4.2.2. Difference-in-Differences Model

The difference-in-differences (DID) model entails incorporating grouped binary vari-
ables and interaction terms with time binary variables, along with discrete components for
both binary variables. This methodology is robust and allows for precise estimation of the
policy effect. For analytical convenience, we chose not to include the two separate binary
variables in our study model. Instead, we will use a two-way fixed-effects DID model. The
corresponding constructed model is shown as follows:

Yit = α0 + α1Treatit·Postit + α2Controlsit + µi + τt + εit (2)

In Equation (2), Yit represents the dependent variable, EPI. The critical interaction term,
Treatit·Postit, also referred to as “did” in the regression results, indicates the interaction
between the grouping binary variable and the semi-annual binary variable. The term
Controlsit includes control variables, such as return on assets (Roa), leverage ratio (Lev),
and operating expenses (Cost) of the enterprise. Moreover, µi denotes individual fixed
effects, τt represents time fixed effects, and εit is the error term.

4.3. Variables and Definitions
4.3.1. Dependent Variable: Environmental Protection Investment of Enterprises, EPI

This study examines the impact of policy effects on corporate EPI. We adopt the
methodology suggested in Lyu et al. (2022), which entails taking the projects related
to green environmental protection in the notes of corporate financial statements as the
current environmental protection investment of enterprises [71]. The majority of funding
arises from the capital expenses of ongoing projects, including waste gas and wastewater
treatment facilities, as well as desulfurization and denitrification projects. As a result, we
have chosen the EPI as the dependent variable. We make adjustments by normalizing the
current environmental investment as a percentage of year-end total assets. We expand this
value by a factor of 100 and label it as EPI.

4.3.2. Independent Variables: Implementation of NCETM, did (Treat·Post)

This study includes listed enterprises registered in the list of management entities
included in the national carbon emissions control program as the experimental group,
denoted as 1 for the Treat variable, while those outsiders are considered the control group,
denoted as 0. The Post variable is determined by whether the NCETM is launched in the
given time period. If the time period is the first half of 2021 or later, Post is denoted as 1.
Otherwise, Post is denoted as 0. This study examines the cross-product term between Treat
and Post as a key variable.

4.3.3. Control Variables

Drawing from prior studies [28,46,58], we have selected several control variables,
which include Net Profit Margin (Roa), Leverage Ratio (Lev), Operating Expenses (Cost),
Cash and Cash Equivalents (Cash), Financial Assets (Finance), Year-over-Year Growth of
Operating Income (Growth), Board Size (Bsize), Government Subsidies (Sub), Years Listed
(Age), and Regional Economic Level (GDP).

The definitions and calculation methods of all variables are presented in Table 2.
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Table 2. Variable descriptions and calculation methods.

Variable Type Variable Definitions and Calculation Methods

Dependent variable EPI EPI = Environmental protection investment for the current period/period-end total
assets × 100

Independent variable Treat In the case of enterprises in the list of management entities included in the national
carbon emissions control program, the value is 1; otherwise, it is 0.

Control variable

Roa Net profit/average balance of total assets. Measures the company’s profitability.

Lev Period-end total debt divided by period-end total assets, reflecting the company’s
ability to pay for the debt.

Cost ln (operating expenses). Measures the company’s daily operational expenses.
Cash ln (cash and cash equivalents). Measures the company’s liquidity.

Finance (Total financial assets for the current period/period-end total assets) × 100.
Measures non-environmental investments of the company.

Growth (Operating income in yeart+1− operating income in yeart)/(operating income in
yeart). Represents the company’s growth potential.

Bsize ln (Number of board members + 1). Represents the decision-making awareness of
the company’s top management.

Sub ln (Government subsidies). One of the sources of funding for corporate EPI.
Age ln (current year − year of listing + 1). Represents the company’s maturity.

GDP ln (GDP). Represents the economic level of the region where the company is located.

4.4. Descriptive Statistics

Table 3 presents the descriptive statistics for the variables related to the sample in the
experimental group and the control group, respectively. All values were rounded to two
decimal places during processing.

Table 3. Descriptive statistics.

Panel A: Experimental Group

Variable N Mean Std Min Max

EPI 670 7.01 8.34 0.00 53.27
Roa 670 5.60 7.34 −79.55 52.80
Lev 670 47.12 18.54 4.56 98.09
Cost 670 19.06 2.46 0.00 25.02
Cash 670 20.52 3.04 0.00 25.77

Finance 670 7.16 9.88 0.00 52.22
Growth 670 14.10 42.67 −62.20 763.33

Bsize 670 2.95 0.23 2.56 3.87
Sub 670 16.33 3.38 0.00 22.88
Age 670 2.85 0.67 1.10 3.43

GDP 670 10.67 0.77 8.16 11.77

Panel B: Control Group

Variable N Mean Std Min Max

EPI 4230 5.94 7.20 0.00 51.61
Roa 4230 6.65 9.37 −212.50 63.87
Lev 4230 41.56 61.17 1.31 1879.04
Cost 4230 17.33 3.79 0.00 22.25
Cash 4230 18.89 4.18 0.00 24.25

Finance 4230 5.98 9.05 0.00 86.06
Growth 4230 21.32 79.99 −97.02 2744.14

Bsize 4230 2.87 0.22 2.30 4.42
Sub 4230 14.61 4.11 0.00 20.82
Age 4230 2.17 0.92 0.00 3.47

GDP 4230 10.82 0.71 7.34 11.77
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Panel A presents the descriptive statistics for the experimental group, which consists
of 67 listed companies observed over 10 periods, comprising a total of 670 observations. The
dependent variable, EPI, has a mean value of 7.01. The minimum value of 0 suggests that
some listed companies in the control group may have not made EPI, or this information was
not disclosed in their financial reports. The maximum value, 53.27, indicates considerable
fluctuations in EPI levels across listed companies, as also evidenced by the standard
deviation. Regarding control variables, the most significant distinctions between samples
are found in the Growth and Lev. Growth is a quantification of the growth potential of
companies, ranging from negative to positive values, indicating significant fluctuations in
growth potential among samples. Lev displays a minimum value of 4.56 and a maximum
value of 98.09, emphasizing significant differences in companies’ borrowing habits.

Panel B displays descriptive statistics for the control group, comprising 4230 recorded
observations for 423 listed companies across 10 periods. The mean of the dependent
variable, EPI, is 5.94, with a minimum value of 0 and a maximum value of 51.61. Unlike
the experimental group, samples in the control group demonstrated less pronounced
numerical fluctuations, plausibly due to policy influence. Among the control variables,
the data indicate that there persist noteworthy distinctions between samples in relation to
Growth and Lev.

Table 4 presents the correlation coefficients between variables in the entire sample data.
The coefficients in the first column are less than 0.2, indicating no significant correlations
between the dependent variable and the control variables. The remaining coefficients
among the control variables are mostly below 0.4, implying weak or insignificant correla-
tions. Therefore, we can temporarily disregard concerns about multicollinearity among
the variables.

Table 4. Benchmark regression result.

(1) (2)

Variables EPI EPI

did 1.246 *** 0.788 *
(0.463) (0.468)

Roa −0.003
(0.015)

Lev 0.056 ***
(0.006)

Cost 0.102
(0.121)

Cash 0.205 **
(0.086)

Finance −0.078 ***
(0.012)

Growth −0.002
(0.001)

Bsize 2.173 ***
(0.501)

Sub −0.041
(0.045)

Age −0.939 ***
(0.155)

GDP 0.109
(0.151)

_cons 6.021 *** −5.946 **
(0.108) (2.66)

Observations 4900 4584
R-squared 0.001 0.051

Note: ***, **, and * indicate the significance levels of 1%, 5%, and 10%, respectively. The numbers in parentheses
are standard errors.
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5. Empirical Results
5.1. The Results of Benchmark Regression

Table 4 presents the regression results of two regression analyses. In column 2, we
focus solely on the impact of policy on corporate EPI, without controlling for any other
variables. In this regression, the “did” coefficient is positive and statistically significant at
the 0.01 level of significance. These results suggest that the policy has a positive impact
on the environmental investments of controlled companies (α1 = 1.246, p < 0.01). The
result in column 3 involves introducing the control variables previously mentioned. In
this regression, the coefficient for “did” remains positive, although its significance level
decreases and is only significant at the 0.1 level (α1 = 0.788, p < 0.1). These results lend
credit to Hypothesis 1.

From Table 4, it is observed that the debt–equity ratio, Lev, is positively and signif-
icantly related to EPI (α2

2 = 0.056, p < 0.01). This suggests that the company’s asset
structure and willingness to incur debt promote environmental protection investment, al-
though with a relatively modest impact. Cash, which represents liquidity in the form of cash
and cash equivalents, has a positive and significant impact on EPI (α4

2 = 0.205, p < 0.05).
Conversely, Finance is found to be negative and significant (α5

2 = −0.078, p < 0.01),
implying that the company’s financial investments tend to inhibit its environmental pro-
tection investment. Board Size (Bsize) is positively and significantly associated with EPI,
(α7

2 = 2.173, p < 0.01), indicating that the involvement and commitment of the company’s
management has a positive influence on environmental protection investment. Additionally,
the coefficient of the company’s listing age is significantly negative (α9

2 = −0.939, p < 0.01).
It indicates that, as the company’s listing age increasing, it tends to reduce the environmen-
tal protection investment.

5.2. Robustness Test
5.2.1. Parallel Trend Test

The use of the difference-in-differences (DID) approach relies on a vital condition,
namely that the model conforms to the parallel trend assumption, which previous scholars
have established [72]. Not satisfying this requirement may result in biased estimations of
policy effects, as the divergences between the two groups after implementing the policy
may stem from other sources apart from the policy itself. To evaluate the accuracy of
the parallel trends assumption, we performed an initial examination, a typical procedure
in the current scholarly works. Interaction terms are created by multiplying half-year
dummy variables with the dummy variables of the experimental group, which are then
used as explanatory variables in regression. The main objective of this test is to determine
if the coefficients are statistically insignificant. The test aims to validate the result that
the coefficient on the interaction term between the dummy variable for the pre-policy
time point and the dummy variable for the experimental group is not significant. This
coefficient captures the difference between the experimental and control groups during a
given half-year. In order to mitigate multicollinearity issues, period −1 is selected as the
reference. Figure 4 graphically illustrates the results of this regression analysis. Table 5
offers a thorough summary of the coefficients that have been derived from the regression
analysis. The coefficients for the interaction terms are not significantly different from zero.
This finding validates the important assumption of parallel trends by confirming that there
were no significant differences between the experimental and control groups before the
policy was implemented.
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Table 5. Parallel trend test results.

Period EPI

pre_3 0.570
(0.786)

pre_2 0.053
(0.594)

current
−0.117
(0.454)

post_1 −0.277
(0.807)

post_2 −0.718
(0.834)

post_3 −0.028
(0.955)

q: base 1 0

2
0.949 **
(0.276)

3
0.300

(0.264)

4
1.071 **
(0.359)

5
1.469 ***
(0.386)

6
1.756 ***
(0.432)

7
2.068 ***
(0.436)

8
1.608 ***
(0.412)

9
2.085 ***
(0.420)

10
2.357 ***
(0.420)

_cons 4.706 ***
(0.288)

Observations 4900
R-squared 0.019

Note: *** and ** indicate the significance levels of 1% and 5%, respectively. The numbers in parentheses are
standard errors.
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5.2.2. Placebo Test

In this paper, we chose to change the time when the policy occurs, i.e., assuming that
the policy occurs 2 periods earlier, and set the new interaction term variable to be did2, with
all other variables unchanged. As can be seen from the results in Table 6, the coefficients of
the new interaction term are not significant, proving that the model passes the placebo test.

Table 6. Placebo test results.

Variables EPI

did 0.192
(0.393)

Roa −0.014
(0.015)

Lev 1.875 ***
(0.145)

Cost −0.707 ***
(0.143)

Cash −0.488 ***
(0.100)

Finance −0.105 ***
(0.011)

Growth −0.001
(0.001)

Bsize 1.915 ***
(0.497)

Sub −0.025
(0.044)

Age −1.167 ***
(0.155)

GDP 0.180
(0.150)

_cons −16.339 ***
(2.707)

Observations 4584
R-squared 0.069

Note: *** indicates the significance level of 1%. The numbers in parentheses are standard errors.

5.3. Mechanism Analysis: R&D Investment

The analysis in Section 5.1 emphasizes the successful implementation of the NCETM in
facilitating the EPI of enterprises. However, it is imperative to comprehend the mechanism
responsible for the policy’s impact on enterprise EPI. Therefore, a comprehensive explo-
ration into the black box mechanisms is needed. As previously mentioned in Section 3.2, the
NCETM could prompt firms to choose R&D investment and promote green technological
innovation, which results in an increasing EPI. Hence, this study introduces R&D invest-
ment as a mediator variable. It could help in investigating the complex cause-and-effect
connections that underpin the impact mechanism of carbon trading policies on firms’ EPI.
Combined with Equation (2), we perform a mechanism test on Equations (3) and (4).

Mediationit = β0 + β1Treatit·Postit + β2Controlsit + µi + τt + εit, (3)

Yit = γ0 + γ1Treatit·Postit + θMediationit + γ2Controlsit + µi + τt + εit, (4)

The intermediate variable, RD, is calculated as the cumulative total of both expensed
and capitalized research and development expenditures, as reported in the financial state-
ments. The regression results for Equations (2)–(4) are presented in Table 7.
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Table 7. Mechanism analysis results.

(2) (3) (4)
EPI RD EPI

did 0.788 * 0.482 ** 0.782
(0.468) (0.2) (0.553)

RD −0.012 *
(0.018)

Roa −0.003 0.036 *** −0.003
(0.015) (0.011) (0.014)

Lev 0.056 *** −0.037 *** 0.056 ***
(0.006) (0.005) (0.007)

Cost 0.102 0.69 *** 0.11
(0.121) (0.123) (0.13)

Cash 0.205 ** −0.561 *** 0.198 **
(0.086) (0.093) (0.084)

Finance −0.078 *** −0.071 *** −0.079 ***
(0.012) (0.007) (0.009)

Growth −0.002 0.002 * −0.002 **
(0.001) (0.001) (0.001)

Bsize 2.173 *** 0.639 ** 2.18 ***
(0.501) (0.301) (0.643)

Sub −0.041 −0.011 −0.041
(0.045) (0.061) (0.049)

Age −0.939 *** −0.259 ** −0.942 ***
(0.155) (0.114) (0.148)

GDP 0.109 0.454 *** 0.115
(0.151) (0.111) (0.177)

_cons −5.946 ** 0.299 −5.942 *
(2.66) (1.63) (3.095)

Observations 4584 4584 4584
R-squared 0.051 0.083 0.051

Note: ***, **, and * indicate the significance levels of 1%, 5%, and 10%, respectively. The numbers in parentheses
are standard errors.

Based on the results in columns (2), (3), and (4), it can be concluded that R&D invest-
ment, indicated as RD, acts as the intermediary variable by which the NCETM affects the
EPI of enterprises. The result in column (2) indicates a significant positive influence of
the NCETM on enterprises’ EPI (α1 = 0.056, p < 0.1). The result in column (3) shows a
positive and significant relationship between the NCETM and corporate R&D investment
(β1 = 0.482, p < 0.05), suggesting that the NCETM greatly increases RD investment. In
contrast, the results from column (4) indicate a positive did coefficient that is statistically
insignificant (γ1 = 0.782, p > 0.1). In conclusion, these results suggest that Hypothesis 2
was supported.

5.4. Heterogeneity Analysis

Extensive research has examined the industry, region, and firm-specific heterogeneity
of the effectiveness of carbon emissions trading policies [8,21,28,47,73]. Of particular
interest are studies of regional heterogeneity, which are typically differentiated by economic
and geographical characteristics [8,47]. Unlike these studies, we focus on the national-level
policy of launching a carbon emissions trading market and, therefore, analyze a sub-sample
of pilot regions involved in pilot programs since 2013 and non-pilot regions by conducting
regression analysis. The objective of this study is to examine if the implementation of
national policies has differential effects on regions that have prior experience compared to
those that do not. To address the challenge of a relatively small sample size, the sample data
were divided into two categories: pilot region sample data and non-pilot region sample
data. Table 8 presents detailed regression results for the pilot areas.
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Table 8. Regression results for the pilot area.

(1) (2)
Variables EPI EPI

did 0.414 −0.603
(0.57) (0.526)

Roa −0.026
(0.024)

Lev 0.048 ***
(0.011)

Cost 0.405 *
(0.214)

Cash 0.409 ***
(0.135)

Finance −0.087 ***
(0.013)

Growth 0
(0.003)

Bsize 3.771 ***
(1.134)

Sub −0.144 *
(0.079)

Age −1.476 ***
(0.273)

GDP −0.608
(0.377)

_cons 5.918 *** −9.213
(0.186) (5.875)

Observations 1470 1470
R-squared 0 0.098

Note: *** and * indicate the significance levels of 1% and 10%, respectively. The numbers in parentheses are
standard errors.

Results from the non-pilot regions indicate agreement with the benchmark find-
ings. The regression results for the pilot region sample data indicate that the NCETM
has no significant impact on enterprises’ EPI (α1 = 0.414, p > 0.1 in regression (1);
α1 = 0 − 0.603, p > 0.1 in regression (2)). Notably, the coefficient of did was initially
observed as positive before incorporating control variables. However, after introducing
control variables, the coefficient of did transitions to a negative value.

6. Discussion

This study investigates the relationship between the NCETM and corporate EPI and
the intermediate role of R&D investment. The results support both Hypotheses 1 and 2.
This research has shown that (1) the NCETM is positively associated with corporate EPI.
(2) The effect of the NCETM on corporate EPI is intermediated by R&D investment. (3) The
effectiveness of the impact of the NCETM on corporate EPI differs by the region in which
the firm is located. The three findings are discussed below.

Firstly, the main focus of this paper is to analyze how the NCETM affects enterprise
EPI. The study found that the NCETM acts as a catalyst for environmental investment,
which is consistent with the findings of previous studies about the pilot scheme [31]. This
trend can be traced back to the market mechanisms embedded in the NCETM, which
incentivize companies to increase their environmental protection investment [16]. As one
of the world’s largest carbon emitters, China is facing significant pressure to reduce its
carbon emissions [14]. Therefore, the Chinese government is prioritizing environmental
protection and taking action to combat climate change [10]. At the same time, China
presents a vast market with ample business opportunities for carbon reduction [14]. The
NCETM provides guidance and incentives for companies to participate in environmental
protection investments due to increasingly stringent regulations [16]. Companies will be
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more proactive in doing so to avoid fines and sanctions [21]. The NCETM could lead to a
convergence of cost reduction, alleviated regulatory constraints, and increased economic
benefits [21]. The implementation of the NCETM provides financial incentives for firms to
proactively reduce emissions, which contrasts with past passive approaches of avoiding
fines [9]. This policy encourages firms to participate more actively in environmental
investments by increasing the rate of return on firms’ environmental investments as well
as providing companies with an extra source of funding to support their environmental
investment activities [63]. It extends the existing literature by using the NCETM, a national-
wide policy, as a quasi-natural experiment, to explore the effect of the carbon emissions
trading market on corporate EPI.

Secondly, this study demonstrates that R&D expenditures serve as a crucial interme-
diary mechanism in the impact of the NCETM on corporate EPI. On the one hand, China
is currently undergoing a critical period of economic transformation and upgrading [74].
Promoting technological innovation and industrial upgrading is crucial for achieving sus-
tainable development [74]. The implementation of the NCETM motivates firms to engage
in technological innovation to cope with increasing market and investor concerns about
environmental protection and gain market competition advantages [66]. Companies can
increase their profit margins by developing and implementing energy-saving and emission-
reduction technologies [33]. On the other hand, investment in R&D can increase a firm’s
intangible assets to potentially enhance the return on environmental investment [69,71].
Along with the increasing awareness of environmental protection and social responsibility
among Chinese companies, it may lead to an increase in firms’ participation in environ-
mental investments [69]. Therefore, the NCETM could promote corporate EPI through
increasing R&D investment, which is little discussed in prior literature. For the first time,
this study introduces R&D investment as an intermediate variable in the effect of carbon
emissions trading market on corporate EPI.

Thirdly, as shown in Table 8, the implementation of NCETM has no significant effect on
corporate EPI for firms in the pilot area. Carbon emissions trading market construction in
China started with local pilots due to significant differences between China and developed
countries and regions in Europe and the United States in terms of their stage of economic
development, international carbon emissions reduction responsibilities, distribution of
carbon-emitting industries, and degree of electricity marketization [8]. Due to these cir-
cumstances, China was unable to fully utilize international experience and therefore had
to accumulate experience in carbon emissions trading market construction through pilot
experience. This result may be due to the fact that the companies from the pilot region
may have already executed a significant volume of EPI or successfully accomplished their
green transformation earlier. This might lead to a less notable influence of NCETM on the
enterprises’ EPI. Furthermore, the limited sample size and relatively short data window
may have contributed to these results. This result demonstrates the effectiveness of the
CETS from a different perspective compared to previous studies.

7. Conclusions
7.1. Theoretical Implications and Policy Recommendations

The study provides new insights into the field of carbon emissions trading market and
corporate EPI by systematically examining the effect of the nationwide carbon emissions
trading market policy on corporate EPI. Firstly, this study introduces the nationwide carbon
emissions trading market into the research framework for the first time. Secondly, this
study innovatively includes R&D investment as a key mediating variable, to explore the
mechanism underlying the effect of the NCETM on corporate EPI. The findings provide
empirical support for the relationship between the carbon emissions trading market and
corporate EPI. They also offer valuable references on how corporations can optimize their
R&D investment in response to carbon emissions trading policies. These insights are useful
for subsequent researchers and promote in-depth research in the field of carbon emissions
trading market and corporate EPI.
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Based on these findings, environmental protection regulation policymakers can benefit
from the following insights:

Firstly, the government can expand the list of industries and enterprises involved in the
carbon emissions trading market. This could incentivize more enterprises to increase their
environmental protection investment. Consequently, it would improve the effectiveness of
the country’s environmental governance mechanism. By expanding the reach of the carbon
emissions trading market to include more industries and enterprises, the government can
encourage greater participation in environmental protection efforts. This, in turn, will
promote the overall process of environmental protection throughout the country.

Secondly, the government should explore the implementation of tailored environ-
mental governance policies to enhance the efficacy of regulatory initiatives. Companies in
different regions exhibit varying responses to the NCETM. An improved understanding
of interregional enterprise variations would enable the government to develop more pre-
cise regulations and initiatives. Companies located in pilot regions may gain an edge in
the NCETM compared to those in non-pilot regions. This advantage may stem from the
fact that firms in pilot regions have already undergone their green transformation in the
pilot phases and possess greater familiarity with the carbon emissions trading mechanism.
Therefore, the government can compile an account of the pilot regions’ experiences and
offer guidance to enterprises in non-pilot regions to improve their adaptation to the carbon
emissions trading market.

Thirdly, the study offers a valuable policy reference for other countries seeking to
promote environmental protection investments and building carbon trading emissions
markets. The results highlight the potential benefits of implementing a carbon market as
an effective policy tool to encourage firms to reduce carbon emissions and adopt more
sustainable business practices. Other countries can learn from this study by combining
carbon market policies with innovation and R&D policies to incentivize firms to adopt
greener technologies and production methods. The early experience of pilot regions can
also serve as a useful reference for accumulating experience on a limited scale and gradually
expanding it to the whole country.

7.2. Future Directions

During the research and writing process, it was found that there were some limitations
in this study and further exploration is necessary. Firstly, this study recognizes a limitation
in its investigation of the long-term impacts of the NCETM as the policy has only recently
been implemented. Future research could expand the study window, covering a more
extended period, to comprehensively clarify the medium- and long-term implications of
the NCETM.

Secondly, the present investigation examines the influence of the NCETM on corporate
EPI predominantly from the standpoint of R&D investment. Nevertheless, the fundamental
process might be complex and extend beyond this lone perspective. Future research could
examine other moderating and intermediary factors that influence the NCETM’s effect on
corporate EPI. For example, studying politically affiliated companies, which often receive
increased government aid and protection, to analyze the effect of the NCETM could provide
important findings. This research could contribute to the current literature regarding the
connection between the NCETM and corporate EPI.

Thirdly, this study examines the impact of the NCETM on corporate EPI without con-
sidering the variations in this process across industries and firms. Different industries and
firms may encounter distinct market environments and technological requirements, which
can influence their response to the NCETM and their investment decisions. Future research
could refine the analysis to explore the differentiated responses of different industries
and firms when facing NCETM. For instance, comparing factors such as carbon intensity,
technology level, and market competitiveness between industries can provide insights into
the specific impacts of NCETM on each industry. Additionally, it is important to consider
the impact of policy constraints, economic incentives, and social responsibility on these
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enterprises. This will enable us to provide more targeted recommendations to policymakers
and enterprises to promote sustainable development and a green, low-carbon transition.
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