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Abstract: Accelerating the promotion of the green transition can help to achieve high-quality de-
velopment in manufacturing industries. In terms of policies that encourage the transition to green
production, carbon trading is a direct and effective means of achieving this goal, and the carbon
price is an important regulator in trading. Normally, firms respond to carbon prices by making three
behavioral choices: production restrictions, pollution reduction, and the technological transition to
green production. This study examines the effect of carbon price volatility on the decision to conduct
green production, i.e., transforming to sustainable technologies and processes. In addition, this
paper also investigates whether organizational resource slack and organizational technical standards
moderate the relationship between the carbon price volatility and firms’ green transitions. The results
suggest that a steadily increasing carbon price will motivate firms to make a green transition, but
if the carbon price is volatile, firms will be reluctant to make a green transition. This tendency to
make a green transition is stronger when firms have resource slack and have implemented green
technical standards. The findings provide empirical evidence and policy implications regarding how
manufacturing firms can accelerate their green transition.

Keywords: green transition; carbon price volatility; pollution reduction; technological transformation;
manufacturing industry

1. Introduction

Accelerating the green transition is an important way to achieve high-quality devel-
opment in manufacturing industries [1]. The new European Union Executive Committee
President, von der Leyen, launched a major development strategy, the European Green
Deal. This series of de-carbonization policies set the ambitious goal centered around the
EU becoming the first carbon-neutral region by 2050. Following this prevailing trend of
sustainable and low-carbon development, many countries are starting to implement new
policies to keep up with the trends, particularly in developing and emerging countries [2].
Furthermore, the green transition has become an integral part of business and political
practices. For instance, in 2021, China updated its enhanced carbon emission targets in
accordance with the European Green Deal (which followed the Paris Agreement) [1,2]. In
the same year, the Korean government officially announced its commitment to achieving
carbon neutrality by 2050. Accordingly, the Korean government Korea passed the Carbon
Neutrality Bill (Carbon Neutrality and Green Growth Act for the Climate Change), which
specifies the nationally determined contributions target (i.e., 40% reduction in greenhouse
gas emissions compared to 2018) by 2030 and a carbon neutrality goal by 2050. As a result,
Korea has become the 14th country to legalize the carbon neutrality target [2].

This study is different from the prior literature which emphasizes the “strong/weak
Porter hypothesis” [3,4], institutional legitimacy [5], environmental regulation [6], etc., as
the mechanisms for technological innovation, as we examine the effects of an important
external condition, namely carbon price volatility on firms’ green transitions. By the time
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the Paris Agreement came into force in 2016, thirty-five countries, thirteen provinces, and
seven cities had established carbon trading systems [7]. As a result, it is imperative to
examine the effects of carbon price volatility from a practical perspective.

A carbon trading system regulates organizational behavior in the green transition
by carbon prices, thus reducing CO2 emissions and achieving macro-environmental and
social benefits [8]. Hence, the achievement of carbon reduction targets still depends on
the behavior decision of firms to make a green transition. Typically, firms usually respond
to carbon prices in three ways, including production restriction, pollution reduction, and
the transition to green production: (1) some firms directly reduce output and even shut
down to achieve their emission reduction targets to ensure their emissions are within a
given quota [9]; (2) some firms choose pollution reduction, such as extending the operating
time of the pollution treatment equipment and purchasing new pollution treatment equip-
ment [10]; and (3) some other firms choose to invest in emission reduction technologies
and conduct green technology updates, including introducing clean production processes,
updating existing technologies, developing green innovations, etc. [11]. From the perspec-
tive of the sustainable development goal, the third option is more in line with this goal.
However, the issue of what factors influence firms to choose to make the green transition is
still ambiguous.

This study focuses on one specific external factor: carbon price volatility. We combine
the market-level carbon price data with organizational-level corporate patent application
data, and examine the effect of carbon price volatility in carbon emissions trading on the
green transition of firms. Besides the external factor, we also consider two organizational
characteristics (i.e., organizational resource slack and organizational technical standards)
as the boundary conditions to clarify the mechanism between carbon price volatility
and green transitions. Using the sample of Chinese listed companies in manufacturing
industries from 2013 to 2020, we find that when carbon prices are stable, firms are inclined
to choose a green transition, and thus achieve both pollution emission reduction and
productivity improvement; meanwhile, organizational resource slack and organizational
technical standards can positively moderate the relationship between carbon price volatility
and green transitions.

This study makes three contributions. First, different from the technological inno-
vation mechanism emphasized by the “strong/weak Porter hypothesis” [3,4], this study
reveals that manufacturing firms would choose a green transition when the carbon price is
stable, i.e., they will be motived by stable price and accelerate investment to introduce more
advanced and environmentally friendly production equipment to replace the traditional
outdated production equipment [12]. Even if a firm does not need to be listed in carbon
trading, the impact of carbon price volatility on the firm’s green transition decision is still
significant. This suggests that the impact of carbon trading and carbon price volatility on
green transformation is society-wide and it provides important policy implications for pro-
moting firms’ green transitions in manufacturing industries. Second, with the development
of the carbon emission trade, we consider the carbon price volatility as the antecedent factor
to affect the rational choice of firms’ decision on the green transition [13,14], i.e., whether
to conduct production restriction, reduce pollution, or the transition to green technologies
and products. Third, we consider the moderating roles of organizational resource slack
and organizational technical standards to strengthen the effect of carbon price volatility,
which helps to supplement the macro-level policy analysis by analyzing it from the micro
level [15].

The remainder of this research is organized as follows. Section 2 explores the the-
oretical background and hypotheses development of the relationship between carbon
price volatility and green transitions. Section 3 addresses the method, including samples,
variables, and estimated models. Section 4 reveals the corresponding findings, and we
conclude with the research contributions, implications, and directions for future research
in the last section.
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2. Literature and Hypothesis Development

Since the signing of the Tokyo Agreement in 2005, many large-scale carbon emission
markets have been established in the world. Among them, the mature EU carbon emis-
sions trading system has promoted the development of the EU green finance industry and
brought huge social and economic benefits to the EU. The economic and social advan-
tages that can be gained from the construction of carbon emissions trading markets have
led academics to research the impact of carbon emissions on trading and carbon prices.
Holtsmark and Maestad [16] first focused on the impact of policy factors on carbon prices.
Daskalakis et al. [17] fitted the price of carbon allowances in Germany and argued that
there was sharp volatility in the price of carbon allowances and that there was no arbitrage
price for investors in them. Calel and Dechezleprètre [18] investigated the effect of the
European Union Emissions Trading System (EUETS) and showed that the EUETS has an im-
portant role in promoting low-carbon technology innovation. The EUETS increases at least
10% of EU low-carbon technology patents and is without significant crowding-out effects.

The mechanistic stimulus–response literature [19,20] confirms that environmental
regulations positively affect firms’ propensity to engage in the green transition. The carbon
price is an important environmental regulation based on government-led market logic.
According to the supposition of rational man, firms, in order to maximize profits, need to
consider both costs and benefits in their green transition decisions. From a cost–benefit
perspective, carbon prices reflect the cost of carbon emissions, as well as the economic
return that can be obtained from carbon emission control. Therefore, the carbon price is an
important indicator to guide the green transition of firms. This study argues that carbon
price is an external condition to guide the homogeneous reflection of firms, while firms will
have heterogeneous reflection depending on their organizational characteristics, including
resource slack and technical standards.

2.1. Firms’ Homogeneous Responses to Carbon Price Volatility

Under conditions of high price volatility, we argue that the expected benefits of
emission reductions from the green transition will be diminished. According to the “weak
Porter hypothesis” [3,4], carbon trading increases the production costs of firms, which
prompts them to adjust their investment patterns and reduce their carbon emissions [19].
With the application of carbon trading, firms are generally forced to choose between green
transitions or the purchase of carbon allowances in order to achieve their emission reduction
targets. A firm that chooses to purchase carbon allowances will be required to pay for the
allowances during the current period. A firm that chooses to implement a green transition
usually pays a high investment for the technology upgrades in the current period, but
has the potential to receive a gain from the sale of excess allowances in the future due
to significant emission reductions. When carbon prices are less volatile, the prospect of
subsequent revenue from the sale of surplus carbon allowances is more positive and stable,
and firms are inclined to pursue the green transition [21]. Volatility in carbon prices serves
as a risk signal, i.e., the more volatile the price of carbon, the more uncertain the future
benefits of carbon allowances will be [22]. As a result, firms will tend to purchase carbon
allowances in the current period to achieve their emission reduction targets in order to
reduce the risk of revenue loss rather than invest in technological improvements in the
current period and reap the potential benefits of carbon allowance trading in the future.

Hence, we hypothesize the following:

Hypothesis 1 (H1). Carbon price volatility has negative effects on a firm’s investment in technology
transition to green.

2.2. Firms’ Heterogeneous Responses to Carbon Price Volatility

While conventional financial markets are primarily motivated by profit, carbon mar-
kets aim to minimize global abatement costs and are more susceptible to heterogeneous
organizational characteristics [23]. Green transitions are characterized by internalized costs
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and externalized environmental benefits, which leads to a lack of internal motivation. Green
transitions are also characterized by internalized costs and externalized environmental
benefits, resulting in a lack of internal motivation for the green transition. Green transitions
often require a large number of resources, which come from two main sources: internal
financing (i.e., from the enterprises’ own accumulation) and external financing (i.e., from
external investors). According to the logic of pecking order theory [24,25], firms prefer
internal financing. In light of this, we consider the role of organizational resource slack as a
moderator of the relationship between carbon price volatility and green transitions.

From the perspective of prospective returns, carbon price volatility could have a
negative effect on the green transition. The higher the volatile carbon prices, the fewer
incentives firms have to make a green transition. If firms have sufficient resource slacks,
they will generally expand their investment in green transitions or technology upgrades;
meanwhile, they will not be concerned with current returns and short-term gains, but
will pay more attention to long-term and sustainable development. However, if firms
have insufficient redundant resources, they will rely on external financing for their green
transformation investments [26]. However, because external financing requires paying
large amounts of interest or promised returns to investors, many firms will be more
inclined to adopt a conservative wait-and-see attitude in the short term, rather than making
technological updates and improvements.

Hence, we hypothesize the following:

Hypothesis 2 (H2). Organizational resource slack positively moderates the relationship between
carbon price volatility and a firm’s investment in technology change to green.

Technical standards for organizations are standardized technologies for the conserva-
tion of resources and the holistic utilization of resources based on the production processes
in specific industries [27]. In order to comply with industry standards, firms are compelled
to purchase environmentally friendly production equipment to replace traditional outdated
production equipment. Firms’ application of industry-specific technical standards can
generate tangible or intangible benefits, such as corporate image, brand, legitimacy, and
reputation, which may increase the prospective revenue of green transitions [28]. Therefore,
we consider the moderating effect of organizational technical standards on the relationship
between carbon price volatility and green transitions.

The implementation of industry-specific technology standards can mandate many
technological improvements, including pollution filtration facilities with advanced treat-
ment capacity or the adoption of waste-free and recycling technologies. When technical
standards are implemented, external investors and stakeholders will have stronger expec-
tations that firms need to implement technical improvements as a result of having a higher
level of technology and taking social responsibility for emissions reduction [28]. The social
and technological pressures induced by technology standards reinforce internal demand for
green transformation investments and lessen the impact of external fluctuations in carbon
prices. Thus, the implementation of technology standards strengthens firms’ demand for
green transformation, which reduces the impact of volatility in carbon prices on green
transformation investments.

Hence, we hypothesize the following:

Hypothesis 3 (H3). Organizational technical standards negatively moderate the relationship
between carbon price volatility and a firm’s investment in technology change to green.

3. Samples and Methods
3.1. Samples and Data Collection

The sample for this study comes from China. As of 2008, Beijing and Shanghai have
established local carbon emission exchanges. In October 2011, local pilot projects for carbon
emission trading were launched in Beijing, Tianjin, Shanghai, Chongqing, Guangdong,
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Hubei, and Shenzhen. The seven pilot carbon markets have been operating online since
2013, covering nearly 20 industries, including electricity, steel, and cement. Currently, the
national carbon market is operating smoothly, and by the end of 2021, the cumulative
volume of carbon emission allowances (CEAs) traded on the market will reach 179 million
tons, with a turnover of CNY 7.684 billion. In light of this, the rapid development of carbon
emissions trading in China provides an adequate data source for this study. Therefore,
the data on carbon price volatility are taken from eight China carbon emission trade
exchanges (CCETEs), namely, Beijing, Tianjin, Shenzhen, Guangzhou, Hubei, Chongqing,
and Fujian [29]. Relevant carbon price data can be traced back to as early as 2013.

The sample for this study consists of Chinese listed corporations in the manufacturing
industries. Currently, only key emission enterprises are required to trade carbon allowances
in China. In Tianjin, Hubei, Chongqing, Fujian, Guangdong, Beijing, and Shanghai CCETE,
firms are included in the carbon trading program if their annual emissions exceed 20,000
tons of carbon dioxide (or if their annual comprehensive energy consumption of standard
coal exceeds 10,000 tons). In Shenzhen CCETE, firms are included in the carbon trading
program if their carbon emissions are 3000 tons of carbon dioxide equivalent or more in
any one year, as well as if their public buildings and office buildings have a floor area of
10,000 square meters or more. While carbon prices release signals on the costs and benefits
of emission reductions, carbon price volatility actually affects the green transition decisions
of all firms. Therefore, we include Chinse listed corporations in manufacturing industries.
After excluding the observations that are missing necessary data, 3084 firm years of data
are obtained after removing the samples with missing data.

3.2. Variables

The independent variable of the study is carbon price volatility, which is calculated by
the standard deviation of the average annual carbon price of the closest CCETE to the focal
firm’s location [30].

The dependent variable is the investment in green transitions. Following the mea-
surement proposed by Xie et al. [31], we conduct content analysis, including manually
extracting and coding the contents of the appendices of the financial statements of listed
corporates, identifying the investment in green-transition-related projects. If a sum of
funds is invested in the green transition, including low-carbon management, energy-saving
equipment renovation, low-carbon energy, clean production technology R&D, Chinese-
certified emission reductions (CCERs), etc., then this amount is charged to investment in
green transitions.

The moderating variables are organizational resource slack and organizational tech-
nical standards. Organizational resource slack means more discretions, flexibilities, and
adaptabilities to deal with uncertainties from the external environment. We measure or-
ganizational resource slack using the super quick ratio [32]. Correspondingly, a larger
super quick ratio indicates a higher accumulation of capital and high short–long capital
liquidities. The following formula is used for calculation. The higher the value of this
variable, the larger resource slack for green transitions.

Organizational resource slack = Super quick ratio =
Current Assets − Inventories − Prepaid Expenses

Current liabilities

The variable, organizational technical standards, is a dummy variable that captures
whether the focal firm has applied industrial technical standards. In the case that a focal
firm has applied at least one technical standard, the variable otherwise assumes the value
of 1, 0 [33].

We also control some variables that might also affect a firm’s investment in the green
transition. First, the basic characteristics, including the firm age (Age, log of the difference
between the current year, and the founding year of the focal firm) [34]; return on assets
(ROA, the ratio of net income to total assets of the focal firm) [35]; and operating expenses
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(operating expenses, the expenses of selling goods or purchasing labor, which are obtained
directly from the financial statements) [36].

Second, we control some environmental characteristics of firms, including (1) green
innovation stock (green patent was employed as the indicator of green innovation stock,
which has also been adopted by many scholars in the past [37,38]) and (2) IOS1400
(whether the focal firm applied an implemented environmental management system,
such as ISO14001, an international environmental management standard that provides
premise flexibility to the types of sustainable objectives firms that are willing to be set
up, requiring the implementation of a series of inner organizational processes to manage
environmental impacts in a systematized way [33]) and (3) heavy polluters (whether the
focal firm is listed as the heavy polluters [38]).

Third, all the estimated models include fixed-year effects to control for annual trends
that could affect the level of green transition. To mitigate the potential threat of mul-
ticollinearity, we generate these interactions by multiplying the centered independent
and moderating variables [39]. Continuous variables are standardized to facilitate the
interpretation of the results.

3.3. Estimated Model

Our hypotheses are tested using Tobit models. The dependent variable is nonnegative,
continuous, and left-censored with a cluster of zero values [40]. As a result, the Tobit
regression model avoids biases and inconsistencies when estimating unknown parameters
within a nonnormal distribution or a limited range. A program is developed by Honoré [41]
for the semiparametric estimation of panel data fixed-effect Tobit models. In spite of this,
unconditional fixed-effect estimates are biased. Therefore, the random-effect Tobit model is
chosen to conduct the estimation.

Considering the structure of our dependent variable, the equation is:

Green transitioni,t
= Carbon price volatilityi,t + Resource slacki,t + Technical standardsi,t
+Carbon price volatilityi,t × Resource slacki,t
+Carbon price volatilityi,t × Technical standardsi,t + βControlsi,t + δt
+ε

where δt is a period effect, and ε is an error term.

4. Results

Table 1 provides the descriptive statistics and correlations for all variables with pooled
cross-sectional data. Observing several high correlation coefficients, we examine the
potential multicollinearity between variables. Variance inflation factors (VIFs) are below
1.79 and the mean VIF is 1.19, which is lower than the guideline threshold of 10.

Table 1. Descriptive statistics and correlations.

Variable Mean S.D. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

(1) Green transition 16.107 1.97 1.000
(2) Carbon price volatility 0.568 0.694 −0.069 1.000
(3) Resource slack 2.007 2.589 −0.002 −0.045 1.000
(4) Technical standards 0.997 0.057 0.038 −0.012 0.021 1.000
(5) Age 2.974 0.282 0.021 0.108 −0.087 −0.005 1.000
(6) ROA 0.022 0.06 0.030 −0.024 0.147 0.010 −0.029 1.000
(7) Operating expenses 0.135 0.259 0.005 −0.026 0.588 0.034 −0.120 0.371 1.000
(8) Green innovation stock 0.812 1.155 −0.023 0.042 −0.109 −0.015 −0.013 0.004 −0.107 1.000
(9) ISO14001 0.309 0.462 0.036 0.008 0.007 −0.011 0.002 0.037 −0.001 0.105 1.000
(10) Heavy polluters 0.406 0.491 0.040 0.028 −0.079 −0.022 0.112 0.024 −0.129 0.110 0.040 1.000
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Table 2 reports the results from the random-effect Tobit model of the dependent
variable, the green transition.

Table 2. The random-effect Tobit model of the green transition.

Model No. Model 1 Model 2 Model 3 Model 4 Model 5

Controls

Age −0.037 0.008 * 0.010 * 0.136 * 0.136 *
(0.209) (0.210) (0.210) (0.150) (0.150)

ROA
0.619 0.564 0.569 0.330 0.331

(0.602) (0.597) (0.596) (0.490) (0.490)

Operating expenses −0.144 * −0.115 * −0.221 * −0.093 * −0.110 *
(0.185) (0.210) (0.213) (0.165) (0.168)

Green innovation stock
−0.043 −0.032 −0.031 −0.026 −0.026
(0.040) (0.040) (0.040) (0.030) (0.030)

ISO14001
0.018 * 0.017 * 0.014 * 0.079 * 0.079 **
(0.082) (0.081) (0.081) (0.065) (0.065)

Heavy polluters 0.062 ** 0.046 ** 0.046 ** 0.058 ** 0.058 **
(0.078) (0.077) (0.077) (0.063) (0.063)

Resource slack
−0.013 0.014 −0.018 −0.013
(0.017) (0.019) (0.014) (0.016)

Technical standards
0.929 * 0.909 * 0.778 * 0.775 *
(0.523) (0.522) (0.441) (0.441)

Independent variables

Carbon price volatility −0.421 *** −0.392 *** −0.264 *** −0.259 ***
(0.051) (0.052) (0.042) (0.043)

Moderating variables
Carbon price volatility *

Resource slack
0.086 *** 0.015
(0.032) (0.027)

Carbon price volatility *
Technical standards

0.498 *** 0.498 ***
(0.013) (0.013)

cons 16.519 *** 15.797 *** 15.761 *** 11.172 *** 11.170 ***
(0.595) (0.796) (0.796) (0.630) (0.631)

Year Included Included Included Included Included
Obs. 3084 3084 3084 3084 3084

Wald chi2 131.61 207.29 215.18 1711.29 1711.53
Standard errors are in parenthesis *** p < 0.01, ** p < 0.05, * p < 0.1.

H1 refers to the negative effect of carbon price volatility on firms’ green transitions.
The coefficient of carbon price volatility is significantly negative (Model 2, γ = −0.421,
SE = 0.051, p-value < 0.01; Model 5, γ = −0.259, SE = 0.043, p-value < 0.01). Thus, H1
is supported.

In Model 3, the interaction between carbon price volatility and resource slack demon-
strates a significant positive effect on the green transition (Model 3, γ = 0.086, SE = 0.032,
p-value < 0.01). It indicates that the negative relationship between carbon price volatility
and green transitions becomes weaker when firms have sufficient resource slack, which
is consistent with H2. As shown in Figure 1, with high resource slack (high super-quick
ratio), the investment in green transitions is higher than that with low resource slack.

In Model 4, the interaction of carbon price volatility and organizational technical stan-
dards on the green transition is significantly positive (γ = 0.498, SE = 0.013, p-value < 0.01).
H3 is supported. As exhibited in Figure 2, firms that have applied technical standards
would invest more in green transitions than those that have not applied technical standards.
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5. Conclusions and Discussion

Using 3084 firm years of Chinese listed corporations in manufacturing industries
from 2013 to 2020, we conduct an empirical analysis that fits with a random-effects Tobit
model to determine whether carbon price volatility affects firms’ green transitions. We also
attempt to investigate the moderating roles of organizational resource slack and technical
standards to strengthen or weaken the effect of carbon price volatility.

We find that carbon price volatility negatively affects firms’ green transitions. Both
positive and negative price volatility could undermine firms’ propensity to make the green
transition, i.e., their output of green innovations. Price volatility is a signal of market uncer-
tainty that can cause firms to adopt a conservative investment preference and maintain the
status quo in production, rather than being inclined to invest in high-risk green innovation
activities. Meanwhile, organizational resource slack and technical standards could mitigate
this negative impact. On the one hand, organizational resource slack is a type of internal
favorable condition to support green innovations. More organizational resource slacks can
provide firms with more discretionary investment decisions and improve firms’ willingness
to take more investment risks, thus tending to invest in green innovation projects with
long payback periods and high risks. On the other hand, firms with technical standards
are under external regulations or institutions that drive firms to implement advanced
green production technologies and processes. These internal and external conditions could
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weaken the influence of carbon price volatility (which plays as a market condition to impact
organizational decisions on the green transition).

These findings provide important practical implications for encouraging firms to make
a green transition. The first is related to carbon price control. Considering the negative
effect of carbon price volatility on firms’ green transitions, governments need to maintain a
stable carbon price by regulating the supply and demand of carbon quotas, thus avoiding
excessive carbon price volatility. In terms of short-term regulation, it needs to apply a price
limit to avoid the extreme volatility of carbon price. Furthermore, in terms of long-term reg-
ulation, it is recommended to establish a cost control reserve (CCR) and an emission control
reserve (ECR) [7,8]. The second is related to the organizational resource base. According to
the results of the positive moderating effect of organizational resource slacks, firms need to
accumulate and extend their resource base and prove the efficient resource slack to respond
to high-risk investment projects, such as technology transformation and R&D. One of the
external channels for expanding the organizational resource base is external financing. For
policymakers, they need to provide favorable policy conditions for establishing financing
channels for supporting firms’ green transitions to ease the financing constraints of firms.
The third concerns the implementation of technical standards. Considering the positive
moderating effects to encourage firms’ green transitions, governments need to emphasize
the popularization and enforcement of technical standards. In particular, to further enhance
the level of technological progress of the Chinese manufacturing industry as a whole and
achieve the industrial-level green transition, it is necessary to accelerate the development
of clean production standards for each industry and focus on supporting and develop-
ing a number of leading enterprises in the field of environmental protection equipment
manufacturing [14].

There are several limitations to this study that pave the way for several future research
directions. First, given the fact that the carbon trading program launched in 2008 will have
a stronger and more long-term impact, future research may be able to analyze its long-term
incentive effect and environmental efficiency. Second, the green transition is measured
simply by adding up the investments in green transition projects, which may not reflect
the various values of different projects or the importance of each project. Third, it needs to
investigate the determining factors of the price of carbon allowances. Future research is
necessary to understand the relationship among carbon price stabilization mechanisms,
carbon quotas, and green transitions.
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