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Abstract: At different lifecycle stages, enterprises possess differentiated resource endowments and
innovation needs, leading to variations in the effect of carbon emission trading policies on their
green innovation. This study analyzes the impact of China’s carbon emission trading policy on green
innovation, using A-share listed firms in Shanghai and Shenzhen between 2010 and 2022 as samples,
from the perspective of the enterprise lifecycle. The results validate the Porter hypothesis, showing
that the policy stimulates green innovation, especially in the growth and maturity stages of enter-
prises. However, the extent of this impact varies across enterprise scale heterogeneity, heterogeneity
in the proportion of independent directors, heterogeneity in the level of green innovation and re-
gional heterogeneity. The carbon emission trading policies can mitigate financing constraints and
improve capital investment to foster green innovation, especially for mature enterprises. The find-
ings not only enhance the theoretical investigation of flexible market-oriented environmental regu-
latory mechanisms but also provide valuable insights for advancing the growth of China’s low-car-

bon economy.

Keywords: carbon emission trading policy; green innovation; enterprise lifecycle; heterogeneity
effect; mediation effect

1. Introduction

As one of the largest developing countries in the world, China is also the country
with the highest carbon emissions. The rapid economic growth of China has led to a sig-
nificant ecological burden, which necessitates abandoning the outdated notion of “devel-
opment before governance” and instead promoting “green” and “innovation” [1-5]. En-
terprises, as the focal point of economic change and development, have a duty to promote
green, low-carbon, and sustainable practices. However, as innovative organizations, en-
terprises often lack adequate incentive to participate in environmentally friendly innova-
tion, due to the characteristics of environmental public goods [6-9]. In order to solve this
issue, China has implemented carbon emission trading pilot programs progressively since
2011. Unlike the Emission Trading Scheme in other countries, China’s pilot ETSs imple-
mented diversified policy designs instead of using a uniform framework [10,11]. Current
research is to investigate the causal impact of the pilot ETS project on enterprise green
innovation in China from the perspective of enterprise lifecycle. This study is highly sig-
nificant in assisting relevant departments to implement precise carbon trading regula-
tions, help enterprises in enhancing green innovation capabilities, and achieve environ-
mentally friendly and sustainable growth.

The Porter hypothesis asserts that rigorously yet thoughtfully crafted environmental
regulations have the potential to stimulate green innovation [12,13]. Carbon emissions
trading incentivizes enterprises to reduce carbon emissions by increasing abatement costs
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[14,15], thereby driving green technological innovation within these enterprises [16-19].
However, the “compliance cost hypothesis” suggests that environmental regulations in-
crease the cost burden on enterprises, thereby crowding out production and innovation
investments to a certain extent [20]. Some scholars argue that its effects may vary depend-
ing on factors such as industry and region [19,21-23]. According to the enterprise lifecycle
theory, an enterprise exhibits lifecycle characteristics similar to a biological organism from
its inception to its demise. At different lifecycle stages, the enterprise’s resource endow-
ments, organizational characteristics, production and operation modes, and other factors
vary [24-26]. When applying the enterprise lifecycle perspective to the impact of carbon
trading policy on green innovation, it can be found that the enterprise's green innovation
behaviors will exhibit distinct characteristics at different stages. Specifically, for enter-
prises in the growth phase, the carbon emission trading system may stimulate their will-
ingness to reduce carbon emissions and improve resource utilization efficiency through
innovation. On the other hand, for enterprises in the maturity phase, the carbon emission
trading system may prompt them to innovate in order to adapt to new market rules and
environmental requirements [27-30]. However, we still know little about the effects from
the perspective of the enterprise lifecycle. This paper examines how carbon emission trad-
ing regulations affect companies’ efforts to innovate sustainably, from the perspective of
enterprise lifecycle.

Compared to the existing literature, the marginal contribution of this paper is mainly
reflected in the following points. First, this paper incorporates the lifecycle theory into the
discussion of the impact of carbon emissions trading policies on corporate green innova-
tion. It provides a nuanced analysis of the effects of carbon emission trading policies on
enterprises across different lifecycle stages. We find that the carbon emission trading pol-
icies have a significant positive impact on green innovation in the growth stage and ma-
turity stage, while the effect of declining enterprises is not significant. This result is still
valid after robustness tests. Second, the enterprise scale heterogeneity, the proportion of
independent director heterogeneity, the level of green innovation heterogeneity and re-
gional heterogeneity are considered from the perspective of the enterprise lifecycle. The
paper considers the role of enterprise size and corporate governance structures, particu-
larly the proportion of independent directors, in shaping the response to carbon emission
trading policies. This analysis adds a new dimension to the understanding of how internal
governance factors influence enterprises’ environmental strategies. Meanwhile, the paper
highlights the importance of encouraging continuous green innovation in enterprises with
a high level of green innovation, while also warning against the risks of over-innovation
and waste. It underscores the importance of regional heterogeneity in shaping the out-
comes of carbon emissions trading policies. Third, the paper takes an integrated perspec-
tive by examining both financing constraints and capital investment mechanisms in the
context of carbon emission trading policies from the perspective of the enterprise lifecycle.

The remainder of the paper is organized as follows. Section 2 provides the related
literature and theoretical hypotheses. Section 3 describes the research methods and data
sources. Section 4 explains the empirical results. Section 5 presents the conclusion and
policy implications.

2. Literature Review and Hypotheses Development
2.1. Literature Review on the Effects of Carbon Trading Policy on Green Innovation

The carbon emission trading policy is a market-based environmental regulation tool.
According to the Porter hypothesis, well-designed environmental regulations can moti-
vate enterprises to invest in technological innovation, thereby strengthening their compet-
itive position in the market [12,31,32]. On the one hand, environmental regulations can
offer subsidies to enterprises for their green innovation efforts through financial incentives
[33]. On the other hand, enterprises possessing stronger green innovation capabilities can
garner more economic benefits through patent transfers, emissions trading, and other
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means [34]. Some scholars analyze this issue from the perspective of the “compliance cost”
theory, pointing out that environmental regulations increase production costs and inhibit
the green innovation of enterprises [20,35,36].

The green innovation effect of carbon emission trading, as a typical market-incentive
environmental regulation policy, has also received widespread attention [17,37-39]. The
existing literature primarily focuses on the overall design and other market performances
of China’s carbon emissions trading system, with less attention paid to green technologi-
cal innovation [40-43]. The existing empirical research has shown that China’s carbon
emission trading policy plays a beneficial role in encouraging green innovation. Some
scholars have confirmed its positive effect, highlighting the policy’s effectiveness as a mar-
ket-based environmental regulation tool [39,44,45]. The impact of this policy’s execution
is also influenced by the degree of liquidity of the carbon emission trading market and the
capacity of companies to reduce costs [46]. The carbon emission trading policy effectively
promotes green innovation activities among industrial enterprises [45], manufacturing en-
terprises [47,48], energy enterprises [44] and electric power enterprises [49] in the pilot ar-
eas. Considering the heterogeneity of the impact of carbon trading policies on enterprises’
green innovation, this positive impact is particularly evident in large-scale enterprises,
state-owned enterprises, and enterprises with high levels of compliance with regulations
in the eastern region of China [27,50,51].

Furthermore, scholars have investigated the mechanism by which carbon emission
trading regulations promote green innovation in enterprises. The carbon emission trading
price plays an essential role in the carbon emission trading mechanism [52,53]. The mar-
ket’s supply and demand for carbon emission permits are reflected in the fluctuating
price, and this impacts enterprises’ behavior and decision-making by encouraging them
towards green innovation. Furthermore, the adoption of carbon emission trading regula-
tions helps to reduce financial barriers [54,55] and offers financial incentives to enterprises
for the sale of carbon emission rights, in addition to improving the environmental respon-
sibility of enterprises [56]. These benefits increase the enterprise’s appeal to investors,
which improves investment in green innovation and promotes the level of green innova-
tion. The existing empirical literature has revealed that Hubei Province performed admi-
rably in the carbon emission trading pilot and achieved a desirable low-carbon innovation
effect. The success can be attributed to the selection of an auction mechanism as the initial
quota allocation method and the implementation of strict regulatory measures in the car-
bon market [57].

However, as we mentioned above, some scholars argue that the impact of carbon
emission trading policy on green innovation hinges crucially on the extent of “innovation
offsets” as well as the influence of “compliance costs” [58-60]. Lanoie et al. [61] found that
in the short term, environmental regulations can seem to impede technological innova-
tion. However, in the long run, these regulations have a stimulating effect on innovation.
Chen et al. [62] found that when enterprises are governed by government regulations and
environmental guidelines, they have a lower motivation to participate in green innovation
initiatives aimed at reducing carbon emissions.

The existing literature mainly focuses on the direct impact of carbon emission trading
policies on green innovation, rarely being concerned with the effect from the perspective
of the enterprise lifecycle. The relevant theories on the corporate lifecycle originate from
organizational science in management. This theory suggests that the development pattern
of a corporation hinges on the resources it possesses and the various opportunities it en-
counters during its growth process [63]. When enterprises are at different lifecycle stages,
their size, financing capabilities, financial status, and other factors exhibit heterogeneity
[26,64—66]. Research on how the corporate lifecycle currently influences business opera-
tions has garnered attention from scholars [67,68]. The impact of carbon emission trading
policies varies among enterprises of different sizes, with different proportions of long-
term debt, and within the industry with varying profit margins [69,70]. Therefore, it is
worthwhile to delve into the effects of carbon emission trading policies on green
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innovation in enterprises at different lifecycle stages. When considering this perspective,
some literature only treat it as a part of heterogeneity analysis [27,44]. This indicates that
there is still a lack of research on the impact from the perspective of enterprise lifecycle.
Therefore, this paper enhances the existing research by offering empirical insights into the
impact of carbon emissions trading policies on green innovation, specifically from the per-
spective of enterprise lifecycle. Based on this foundation, we delve into its heterogeneity
and the underlying impact mechanisms. By introducing the lifecycle theory, we can gain
a more comprehensive understanding of the evolutionary process of how carbon trading
policies influence corporate green innovation activities, and how these activities are af-
fected by a corporation’s current lifecycle stage.

There are three contributions. First, the paper introduces a unique perspective of the
enterprise lifecycle to examine the relationship between carbon emission trading policy
and corporate green innovation. By differentiating between the effects of the policy across
the growth, maturity, and decline stages, it provides fresh insights into how firms’ devel-
opmental stages influence their response to environmental regulations. Second, we con-
duct a comprehensive heterogeneity of enterprise scale, the proportion of independent
directors, the level of green innovation and pilot regions. This multi-faceted approach re-
veals interesting variations in policy effectiveness across different subgroups, contributing
to a more targeted and nuanced policy recommendation framework. Third, the paper
identifies and analyzes two distinct influence mechanisms—financing constraints and
capital investment—through which carbon emission trading policy affects green innova-
tion. By demonstrating that these mechanisms operate differently across different lifecycle
stages, the paper sheds light on the complex interplay between regulation, firm behavior,
and the underlying economic conditions.

2.2. Hypotheses Development
2.2.1. The Impact of Carbon Emission Trading Policy on Green Innovation

The carbon emission trading mechanism is regarded as a market-oriented environ-
mental regulation instrument [71]. The Porter hypothesis argues that implementing suit-
able environmental regulations can effectively stimulate technical innovation, leading to
enhanced production efficiency and output quality [31]. For enterprises with large carbon
emissions, the emission regulation department establishes carbon emission quotas and
permits the market trading of carbon emission rights. Enterprises have to purchase carbon
emission rights if their carbon emissions surpass the emission quotas. Enterprises that fail
to complete their emission reduction tasks on time will suffer penalties such as fines and
being placed on the dishonest list. This mechanism serves two purposes. Firstly, it inten-
sifies the economic burden on high-carbon emissions-oriented enterprises, leading to
higher costs associated with carbon emissions. Secondly, it creates a financial incentive for
low-carbon emission enterprises, and they can make additional profits by selling the un-
used carbon emission rights [49]. This kind of incentive and punishment mechanism will
incentivize enterprises to prioritize environmental sustainability and carbon emission re-
duction during their manufacturing processes. As a result, enterprises foster the adoption
of green technology and encourage green innovation initiatives [17].

From the perspective of the enterprise lifecycle, entrepreneurs are typically confident
during the stage of growth. Enterprises at the growth stage have strong innovation capa-
bilities and a higher degree of cooperation with regulators. They are, therefore, more ag-
gressive in employing green innovation technology to decrease the cost of carbon emis-
sions and profit from carbon trading [28]. During the maturity stage, the company expe-
riences an expansion in production scale and the operation becomes more efficient and
effective [29]. The company is quite financially stable and places a higher priority on its
long-term growth. Through active engagement in protecting the environment and the
promotion of sustainable development, the company can cultivate a positive social repu-
tation and proactively reduce compliance risks. In the decline stage, companies encounter
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significant constraints in financing, technology, and manpower, leading to a greater em-
phasis on survival, resulting in a lack of incentive for green innovation [28,30].

Hypothesis 1. The carbon emission trading policy improves green innovation, and the effect on
the enterprises at the growth and maturity stage is significant.

2.2.2. The Influential Mechanism of Carbon Emission Trading Policy on
Green Innovation

Enterprises involved in carbon emission trading have to annually reconcile their car-
bon emissions on the exchange. This policy incentivizes enterprises to prioritize enhanc-
ing the clarity and openness of environmental protection information. Thoroughly
providing environmental protection information allows investors to obtain a more com-
prehensive understanding of how enterprises adopt technology to conserve energy, re-
duce emissions, utilize clean energy, and generate environmentally friendly products. In-
vestor recognition of a company’s technological application in this field will help improve
the company’s reputation and indirectly ease the fundraising process [72]. Enterprises will
be in an advantageous position to obtain external funding if financing restrictions are re-
duced. This will help them improve the technology R&D efforts and strengthen the capac-
ity for autonomous innovation [73].

Relatively speaking, enterprises in the growth stage have more financial restrictions.
They are more likely to invest in projects that can swiftly increase the size of the market if
the funding situation improves. Enterprises may be less likely to invest in green innova-
tion projects due to the high risk and unclear benefits [74]. However, it is noteworthy that
in China, with the continuous improvement of the green financial system, especially the
introduction of green financial products such as green credit, green bonds, and green
funds, more financing channels and lower financing costs have been provided for growth-
stage enterprises to invest in green innovation projects [75,76]. These green financial in-
struments not only help enterprises solve funding problems but also guide capital flows
to green areas through policy incentives and market mechanisms, promoting sustainable
economic and social development [77-79]. Therefore, under China’s unique green finan-
cial environment, growth-stage enterprises may not necessarily face severe financing con-
straints but have the potential to achieve a breakthrough [80]. In the mature stage, the
enterprise has a high market share in its products and reaches a peak in profitability. Cur-
rently, businesses are inclined to preserve their market position. When the financing con-
straints are reduced, businesses may choose to participate in environmentally friendly in-
novation activities in order to sustain their competitive edge [81]. In the decline stage,
companies may experience issues that will reduce market share. To improve their influ-
ence, these enterprises may choose perfunctory innovation [30].

Hypothesis 2. The impact of financial constraint differs depending on the stage of an enterprise’s
lifecycle, and it has a significant effect on enterprises in the maturity stage.

Hypothesis 3. The impact of financial constraint differs depending on the stage of an enterprise’s
lifecycle, and it has a significant effect on enterprises in the growth stage and in the maturity stage.

When enterprises are incorporated into the carbon emission trading system, they will
put emphasis on environmental friendliness and sustainable development [69]. Carbon
emission trading policies can enhance the environmental reputation and social accounta-
bility of enterprises [82]. According to Truong et al. [83], intangible assets have the ability
to raise the value of businesses and strengthen their fundamental competitive advantages.
Furthermore, when making decisions on long-term capital investments, enterprises are
more likely to prioritize investments in environmental protection sectors, such as energy
saving, emission reduction, and renewable energy [Error! Reference source not
found.,84]. Energy-saving devices, wind turbines, solar panels, sewage treatment plants,
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and other associated structures are frequently purchased and installed as part of these
investments in environmental preservation. In addition to promoting green technology
innovation within enterprises, capital investment, especially intangible assets, can in-
crease the technological caliber and goodwill value of enterprises [86].

For enterprises in the growth stage, the profit model and market basis have been pre-
liminary established according to the theory of enterprise lifecycle. To support activities like
capacity expansion and market expansion, they typically need a sizable sum of money. En-
couraging green innovation is ineffective for enterprises in the growth stage because they
may invest more capital for these reasons. However, with the increasing emphasis on envi-
ronmental protection and sustainable development in society, the market demand for green
products and services is also on the rise [87]. To satisfy this market demand and maintain a
competitive edge, enterprises in their growth stage may opt to increase capital investment
to drive green technological innovation. Enterprises in the mature stage are more likely to
actively seek long-term development strategies to support the green upgrading of manufac-
turing processes since they have relatively substantial capital [88]. Relatively speaking, be-
cause of the unclear capital investment and inflexible internal procedures, enterprises in the
decline stage, might not be as positive about green innovation [89].

Hypothesis 4. The impact of capital investment differs depending on the stage of an enterprise’s
lifecycle, and it has a significant effect on enterprises in the maturity stage.

Hypothesis 5. The impact of capital investment differs depending on the stage of an enterprise’s
lifecycle, and it has a significant effect on enterprises in the growth stage and in the maturity stage.

3. Research Methods and Data Sources
3.1. Research Methods

This paper examines how carbon emission trading regulations affect companies’ ef-
forts to innovate sustainably, from the perspective of enterprise lifecycle. This paper clas-
sifies the lifecycle of enterprises based on the cash flow patterns method and subsequently
employs the DID model to explore the impact of carbon emissions trading policies on
corporate green innovation. It explores the heterogeneity in enterprise-scale heterogene-
ity, the proportion of independent directors and the level of green innovation heterogene-
ity, and investigates the underlying influence mechanism. The process of method research
is shown in Figure 1.

‘ Identify the Problem ‘

ot | ) ]

‘ Data collection ‘

N l . .
Cash Flow Patterns Method | Classify the Life Cycle
of Enterprises
‘ DID Model } —|

First-stage difference:
Calculate the change in
both the treatment
Process |f\> group and the control
l l group before and after
the intervention of the
carbon trading policy.

T T Second-stage difference:
Assess the net effect of

the carbon trading
policy intervention.

Robustness Testing and
Heterogeneity Analysis

l

— v
( \ Conclusion and Policy
‘ Output ‘ :> ‘ Recommendations ‘

Figure 1. The process of method research.
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3.1.1. Basic Regression Model

The construction of China’s carbon emission trading pilot market is divided into
three batches. However, many scholars mainly focus on the first two batches of pilots
when studying the effectiveness of carbon emission trading policies, and empirical tests
are conducted using 2013 or 2014 as the year of policy implementation to construct a single
period difference in difference (DID) model. In addition to avoiding estimation bias
caused by time inconsistency, the multi-period difference in difference method can be
used to analyze the effects of policy shocks on individuals at different time points. This
paper examines the impact of carbon emission trading policies on corporate green inno-
vation by using a multi-period difference in difference model, and it takes 2013, 2014 and
2016 as the implementation time points of the policy. The model is as follows:

GIE;; = ag + a1 DID;; + a,Controly + 6; + py + &5 (1)

where the subscript i stands for the observation unit, the subscript ¢ stands for the time.
GIE stands for the level of green innovation of the enterprise. DID is a dummy variable
that equals 1 in the years after ETS is launched in enterprise, and 0 otherwise. The main
explanatory variable coefficient @;, shows that the carbon emission trading policy has a
significant effect on green innovation if it is significantly positive. Control represents the
control variables, § represents individual fixed effects, u represents year fixed effects,
and ¢ stands for the standard errors.

3.1.2. The Method of Cash Flow Patterns

The existing research mostly applies three methods to classify the lifecycle of enter-
prises. The first method is the single variable analysis, which predominantly utilizes indi-
vidual indicators, such as the growth rate of core business revenue, to evaluate the differ-
ent stages of an enterprise’s lifecycle. Secondly, Dickinson [90] proposes a method based
on cash flow patterns, which analyzes the positive and negative combination of net cash
flows generated from operating, financing, and investment activities to determine the
lifecycle of a company. Furthermore, Anthony and Ramesh [91] employed the financial
comprehensive indicator approach, assigning different weights to multiple indicators
such as the growth rate of capital expenditure and the growth rate of the main business.
They then computed the weighted average of these indicators to ascertain the enterprise’s
lifecycle stage. The cash flow patterns objectively reflect the business risks, profitability,
and growth rate of a company through the positive and negative combinations of net cash
flows from operating, investing, and financing activities. This method avoids the limita-
tions of univariate analysis, which tends to be overly simplistic, and comprehensive indi-
cator analysis, which tends to be highly subjective [84,92].

The three primary stages of an enterprise’s lifecycle—growth, maturity, and de-
cline—are discussed in this paper in relation to the cash flow grouping approach accord-
ing to Dickinson [90]. Given the characteristics of Chinese listed companies, the start-up
stage typically aligns with the stage of growth. Thus, this paper merges the two stages.
During the growth stage, enterprises experience rapid growth and require substantial
funds to support their expansion. Therefore, the net operating cash flow and net invest-
ment cash flow frequently demonstrate negative values. Fundraising activities act as the
main way for enterprises to acquire capital, resulting in a positive net cash flow. When the
enterprise is in the maturity stage, its market position is more stable and the net operating
cash flow is positive. Companies prioritize capital returns and decrease investment activ-
ities. This leads to negative net cash flows from financing and investment. Nevertheless,
when a company enters a recession, its market share may be affected by competitors, re-
sulting in a decrease in operational efficiency and a negative net operating cash flow. Com-
panies may participate in investment activities, such as selling fixed assets, to continue
operations and achieve a positive net investment cash flow. Due to varying financial
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demands and business tactics, the net cash flow from fundraising may be positive or neg-
ative. Table 1 in this paper is established based on the analysis above, and the samples
selected are categorized into lifecycles according to the criteria.

Table 1. Division criteria of lifecycle.

Net operating cash flow
Net investment cash flow
Net financing cash flow

Growth Period Maturity Period Decline Period
Startup Period Growth Period Fluctuation Period Elimination Period
- + + - + + - -
- - - - + + + +
+ + - - + - + -

3.2. Variables and Data
3.2.1. Dependent Variable: Green Innovation

The level of green innovation is measured in this paper by the quantity of green pa-
tent applications. In contrast to R&D expenditure, the quantity of green patent applica-
tions can directly reflect the degree of importance that the company attaches to green tech-
nology innovation. Furthermore, the quantity of green patent applications has benefits
above the quantity of green patent authorizations, including temporal sensitivity, reflect-
ing the positive attitude of the enterprise and helping stakeholders to conduct preliminary
evaluations. Current research has proposed various methods for measuring corporate
green technology innovation, such as using the number of green patent grants [93], green
patent applications [94], and green R&D investment [95] as indicators. In contrast to R&D
expenditure, the quantity of green patent applications can directly reflect the degree of
importance that the company attaches to green technology innovation due to a patent li-
cense needing to be detected and the need to pay an annual fee, and patent technology in
the application period may affect enterprise performance. Furthermore, the quantity of
green patent applications has benefits above the quantity of green patent authorizations,
such as temporal sensitivity, reflecting the positive attitude of the enterprise and helping
stakeholders to conduct preliminary evaluations. Compared to the method of using a
comprehensive indicator to represent green innovation, the number of green patent ap-
plications offers clear quantifiability, and its data sources, such as the National Intellectual
Property Administration, are highly authoritative and reliable. Furthermore, considering
that the research objective of this paper is to explore the impact of external factors, such
as carbon trading policies, on green innovation, using the number of green patent appli-
cations as a measurement indicator may be more appropriate. This indicator can directly
reflect the response and changes of enterprises in terms of green technological innovation.
However, if the research goal is to conduct a comprehensive and in-depth analysis and
evaluation of green innovation, then constructing a comprehensive indicator may be more
suitable. The level of green innovation is measured in this paper by the quantity of green
patent applications [96].

3.2.2. Control Variables

Enterprise size (SIZE): The level of enterprise size is measured by the natural loga-
rithm of the enterprise’s total assets [97,98]. Compared to small-scale enterprises, com-
plete organizational structures, market visibility, and financial strength possessed by
large-scale enterprises contribute to green innovation.

Leveraged level (LEV): The paper employs the asset-liability ratio as an index to cal-
culate the level of leverage [99,100]. A greater asset-liability ratio indicates that the enter-
prise is exposed to significant debt concerns, leading to severe liquidity issues and imped-
ing the sustainable growth of the enterprise.

Ownership concentration (LHR): This paper selects the shareholding ratio of the larg-
est shareholder of the enterprise as the proxy variable of ownership concentration [101].
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High ownership concentrations frequently provide major shareholders greater control
over decision-making, which may make it challenging for smaller shareholders to estab-
lish meaningful checks and balances against the major shareholders. The absence of di-
verse perspectives may restrict the ability of companies to develop and innovate, which
could potentially impede their long-term, stable development.

Enterprise age (AGE): Enterprise age is calculated by the years of the listed compa-
nies [97]. It is widely accepted that enterprises are inclined to consolidate and enhance
their competitive position through technological innovation, product upgrades and mar-
ket expansion as the age of the enterprise increases.

Enterprise value (Q): We select the value of Tobin’s Q to represent the enterprise
value [98]. The value acts as an important indicator of market performance and the value
of intangible assets. Typically, companies with higher values of Tobin’s Q prioritize sus-
tainable development performance to a greater extent.

Profitability (ROA): This paper selects return on assets as the proxy variable of prof-
itability [99,100]. Return on assets reflects the level of business management and market
competitiveness of enterprises and the capacity for enterprises to allocate additional re-
sources towards environmentally friendly advancements.

The variable definitions are shown in Table 2.

Table 2. Variable definitions.

Variables Symbols Definitions Data Source
Green innovation GIE Ln (Green patent applications + 1) CNRDS database
Enterprise size SIZE Ln (Total assets)
Leveraged level LEV Asset liability ratio
Proﬁtajb111ty ROA ‘Returr.l on assets o CSMAR database
Enterprise age AGE Ln (the reporting period year—the listing year)
Enterprise value Q Tobin Q value
Ownership concentration LHR The largest shareholder’s shareholding ratio

3.3. Data Source and Descriptive Statistics

This study specifically examines A-share listed businesses in China’s Shanghai and
Shenzhen stock markets. As per the information reported by the development and reform
commissions of China’s provinces and cities, the list of pilot enterprises is updated on a
yearly basis, and these pilot enterprises may continue to change. In certain pilot zones, the
list of pilot enterprises is not publicly available. The study examines eight industries with
high CO2 emissions according to Liu and Zhang [Error! Bookmark not defined.], includ-
ing non-ferrous metals, petrochemicals, and steel. The treated group includes industry
enterprises with high CO2 emissions, while the control group comprises other enterprises
in the pilot areas. Table 3 provides the list of industries with high carbon emissions. In
order to ensure precision and efficiency, the samples are treated as follows: (1) excluding
abnormal trading enterprises such as ST, ST* and PT; (2) excluding the particularity of the
financial industry; (3) excluding the samples that lacked essential data and extremely ab-
normal data. This paper uses panel data for a total of 8892 observations from 2010 to 2022
in 684 enterprises of China. The data on green patent applications are obtained from the
CNRDS database and the financial data utilized for the control variables is from the
CSMAR database. In addition, to eliminate the impact of outliers on the regression results,
the main continuous variables are tailed at 1% and 99% quantiles. Table 4 reports the de-
scriptive statistics for all variables and Table 5 reports the descriptive statistics for the var-
iables in the three enterprise lifecycles.
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Table 3. The list of industries with high carbon emissions.

Industry Name Industry Name .
Industry Code (Level 3) (Level 1) Pilot Areas
Pi;ﬁliurznp;if:f; ;I;g’ Shenzhen, Shanghai,
Petrochemical industry C25 & andnu Beijing, Guangdong,
fuel processing indus- o A,
. Tianjin, Hubei, Fujian
tries
and chamiea product Shenzhen, Shanghai
Chemical industry C26 P Tianjin, Hubei, Chong-
manufacturing indus- . .
qing, Fujian
try
Building material in- Non-metallic mineral Shenz.h i Guar'lgdong,
C30 . Hubei, Chongging, Fu-
dustry products industry jian
Manufacturi
. anutactining Shenzhen, Shanghai,
Black metal smelting L7
. . . Guangdong, Tianjin,
Steel industry C31 and rolling processing . .
. Hubei, Chongging, Fu-
industry ..
jlan
Non-ferrous metal .
Nonferrous industry C32 smelting and rolling Shenzher}, Shia.nghal,
D Hubei, Fujian
processing industry
Shenzhen, Shanghai,
Papermaking industry 0 Paper makmg and pa- Guarllgdong, T}&mjm,
per products industry Hubei, Chongging, Fu-
jian
henzh hanghai
Production and supply Production and supply 5 enzhen, Shanghai,
. . . . Beijing, Guangdong,
Electric power industry D44, D45 of electricity, heat, and of electricity, heat, and . . .
Tianjin, Hubei, Chong-
gas gas . .
ging, Fujian
Transportation, storage Shenzhen, Shanghai,
Aviation industry G56 Air transport industry PO ROl STOTABC R o Tianjin, Chong-

and postal services

qing, Fujian

Table 4. Descriptive statistics.

Variable Obs Mean Std Min Max Median
GIE 8885 2.693 2.013 0.000 9.554 2.833
LEV 8885 0.462 0.213 0.049 0.935 0.470
ROA 8885 0.034 0.213 -6.776 10.400 0.033
SIZE 8885 8.791 1.564 3.124 14.820 8.584
AGE 8885 19.060 6.659 1.000 44.000 19.000

Q 8747 2.154 2.959 0.625 122.190 1.586
LHR 8800 0.346 0.157 0.078 0.738 0.321
SA 8885 3.815 0.316 2.737 4.492 3.838
CI 8872 0.291 0.201 0.008 0.826 0.250
GIE 8885 2.693 2.013 0.000 9.554 2.833

Table 5 shows the results of descriptive statistics at different stages of the enterprise
lifecycle, including growth, maturity and decline. The mean degree of green innovation
among enterprises in the growth, maturity, and decline stages is 2.933, 2.741, and 2.178,
respectively. Enterprises in the stage of decline have significantly lower performance in
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green innovation compared to enterprises in other stages of the lifecycle. The standard
deviations for the three stages of green innovation are 2.017, 2.012 and 1.912, respectively.
Enterprises in the growth stage have a greater distribution of green innovation than en-
terprises in the maturity and decline stages.

Table 5. Descriptive statistics for different enterprise lifecycles.

Enterprise Lifecycle Variable Obs Mean St Min Max

GIE 3576 2.933 2.017 0.000 9.524

LEV 3576 0.498 0.204 0.049 0.935

ROA 3576 0.030 0.208 -0.201 10.401

Growth SIZE 3576 8.986 1.580 3124 14791
AGE 3576 18.155 6.777 2.000 42.000

Q 3520 1.915 1.777 0.706  56.664

LHR 3543 0.339 0.152 0.079 0.738

GIE 3332 2.741 2.012 0.000 9.554

LEV 3332 0.422 0.210 0.049 0.935

ROA 3332 0.045 0.101 —2.896 2.637

Maturity SIZE 3332 8.804 1.597 3.826 14.821
AGE 3332 19.045 6.657 1.000 41.000
Q 3283 2.153 2.920 0.625 122.190

LHR 3300 0.363 0.163 0.078 0.738

GIE 1977 2.178 1.912 0.000  9.420

LEV 1983 0.463 0.222 0.049 0.935

ROA 1977 0.022 0.329 -6.776  8.441

Decline SIZE 1977 8.418 1.402 3.716 14.478
AGE 1977 20.726 6.107 3.000 44.000

Q 1944 2.589 4.259 0.744 92.250

LHR 1957 0.330 0.153 0.079  0.738

4. Results and Analysis
4.1. Analysis of Benchmark Regression Results

Table 6 presents the benchmark regression results of carbon emission trading policies
on corporate green innovation. Individual-fixed effects, time-fixed effects, province year-
fixed effects and industry year-fixed effects are controlled in columns (1)-(8). Columns (1)
and (2) show the regression results for the whole sample. The estimated coefficients are
positive and statistically significant at the 1% level. It indicates that carbon emission trad-
ing policies have a significant promoting effect on the green innovation of enterprises.
Columns (3)-(4) and (5)-(6) show the regression results of enterprises in the growth stage
and maturity stage, respectively. The regression coefficient of the DID variable is signifi-
cantly positive, indicating a notable positive impact of carbon emission trading policies
on green innovation in growth and maturity-stage enterprises. Columns (7) and (8) show
the regression results of declining-stage enterprises. The coefficients are not significant,
and the carbon trading policies have no impact on green innovation in the decline stage.
Therefore, H1 is verified. This result demonstrates that the Porter effect is evident during
the growth and maturity stages of enterprises, whereas carbon trading policies do not
function as an incentive mechanism during the decline stage of enterprises. This finding
aligns with Liu et al. (2022) and Jia et al. (2024) [27,44].
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Table 6. Benchmark regression results.

(1) (2) 3) 4 (5) (6) (7) (8)
Variable GIE GIE GIE GIE GIE GIE GIE GIE
DID 0.262 *** 0.278 *** 0.209 ** 0.263 *** 0.266 *** 0.211 ** -0.001 -0.127
(4.42) (4.59) (2.22) (2.72) (2.77) (2.15) (-0.00) (-0.58)
LEV —0.196 ** -0.162 0.116 —0.757 ***
(-2.01) (-1.01) (0.61) (-3.25)
ROA -0.182 -0.401 -0.423 -0.529
(-0.89) (-1.08) (-1.09) (-1.29)
SIZE 0.512 *** 0.518 *** 0.501 *** 0.376 ***
(20.99) (12.17) (10.88) (6.16)
AGE -0.021 -0.014 -0.022 0.023
(-0.58) (-0.22) (-0.32) (0.29)
Q 0.017 0.056 *** 0.022 -0.037
(1.57) (2.63) (1.21) (-1.41)
LHR —0.004 *** -0.005 ** 0.001 -0.005
(-2.73) (-2.12) (0.35) (-1.30)
_cons 2.370 *** -1.167 ** 2.032 *** -1.934 * 3.352 *** -0.673 2.013 *** 0.520
(10.60) (-2.02) (3.95) (-1.82) (6.68) (-0.63) (4.83) (0.39)
Firm Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes
Pro x Year Yes Yes Yes Yes Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes Yes Yes Yes Yes
N 8885 8665 3576 3488 3332 3251 1977 1926
R2 0.242 0.289 0.313 0.349 0.240 0.282 0.162 0.210

Note: T values are shown in brackets; ***, **, * indicates statistical significance at 1%, 5%, and 10%
levels, respectively.

4.2. Robustness Testing
4.2.1. Parallel Trend Hypothesis Testing

Figure 2 illustrates the changes in GIE before and after the implementation of the
policy in 2013, 2014 and 2016. It was found that before the implementation of carbon emis-
sion trading policies, there was no systematic difference in the GIE among industry enter-
prises with high CO2 emissions and other enterprises in the pilot areas. Following the
implementation of the carbon trading policies, treated groups” GIE significantly increased
and remained higher than controls. However, in 2017, treated groups” GIE values were
similar due to the launch of the national carbon market, which reduced enterprises” moti-
vation for carbon reduction and green innovation.

[-—e-- TREAT —e— CONTROL | R

o
©

GSPAT

T T T T T T T
2010 2012 2014 2016 2018 2020 2022
Year

Figure 2. Trend in GIE of the treatment and control groups.
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Figure 3 shows the results of the event study method of the impact of carbon emission
trading policies on green innovation. Before the implementation of carbon emission trad-
ing policies, the regression coefficients did not differ significantly from zero at the 95%
confidence interval. After the implementation of carbon trading policies, the coefficients
have been significantly positive since 2018, indicating a lag effect on green innovation.

04 0.6
1 1

0.2
1

coefficient

[

0

[ [

-0.2
1

-0.4
1

T T T T T T T T T T T T T
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Figure 3. Parallel trend hypothesis testing.

4.2.2. Placebo Test

We used a placebo test based on Ferrara et al. [103] to identify the contingency of the
impact of the carbon emission trading policies on green innovation by generating “false
policy” through 500 random selections in order to remove the interference of non-observ-
able factors on the research conclusion. This paper randomly constructs a treated group
and empirically tests the new sample. We drew a regression coefficient distribution chart.
As shown in Figures 4-7, the estimated coefficient distribution of the placebo test is con-
centrated around 0, which is close to the normal distribution. This indicates that the posi-
tive effect of carbon emission trading policies on green innovation in enterprises is not
caused by random factors or sample selection bias. The results of benchmark regression
are robust.

15

0.8

kernel density
0.6

0.4
kdensity beta

0
Estimated coefficient value

°p kdensity beta ‘

Figure 4. Placebo test (whole sample).
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Figure 5. Placebo test (growth stage).
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Figure 6. Placebo test (maturity stage).
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Figure 7. Placebo test (declining stage).

4.2.3. Entropy Balance Matching Method

As the covariate differences between the treatment group and the control group are
difficult to manage using the DID method, we use the entropy balance matching method
to eliminate estimation bias and improve the robustness of policy evaluation following
Hainmuller [104]. The first-order moments of green innovation are used as constraints for
year-by-year matching. To lessen sample selection bias, we computed entropy-balanced
weight values, which brought the weighted control and experimental groups closer to-
gether in each covariate. Table 7 shows the regression results. Columns (1)-(4) show the
regression result for the entire lifecycle growth stage, maturity stage and decline stage,
respectively. The regression coefficients in columns (1)-(3) remain significantly positive
and the coefficient in column (4) is not significant. It verifies the benchmark regression
results.
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Table 7. The regression results of entropy balance matching method.

ol 2 (3) @
Variable GIE GIE GIE GIE
DID 0.230 *** 0.204 *** 0.148 ** -0.082
(5.69) (3.07) (2.14) (-0.74)
LEV -0.083 —0.529 *** 0.174 0.203
(-0.78) (—2.95) (0.84) (0.86)
ROA -0.176 -0.845 ** -0.409 0.496
(-0.84) (-2.12) (-1.06) (1.27)
SIZE 0.441 *** 0.367 *** 0.464 *** 0.275 ***
(17.01) (7.89) (9.74) (4.63)
AGE 0.004 -0.036 -0.057 0.014
(0.11) (-0.49) (-0.41) (0.25)
Q 0.026 * 0.005 0.052 ** -0.016
(1.83) (0.17) (2.03) (-0.54)
LHR 0.002 -0.002 0.008 *** -0.008 *
(1.29) (-0.80) (3.07) (-1.80)
_cons -1.435* 0.500 -0.755 -0.195
(-1.75) (0.35) (-0.27) (-0.16)
Firm Yes Yes Yes Yes
Year Yes Yes Yes Yes
Pro x Year Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes
N 8665 3452 3206 1807
R2 0.833 0.847 0.875 0.873
Note: T values are shown in brackets; ***, **, * indicates statistical significance at 1%, 5%, and 10%
levels, respectively.
4.2.4. Eliminating Policy Interference
To eliminate the potential impact of the implementation of the new Environmental
Protection Law’s in 2015, we construct the policy dummy variable for 2015 and subse-
quent years in the model. As shown in Table 8, columns (1)—(4) represent the regression
results of the entire lifecycle, growth stage, maturity stage and decline stage, respectively.
The coefficients of DID in columns (1)—(3) are significantly positive and the coefficient is
not significant in column (4). It verifies the benchmark regression results.
Table 8. The regression results of eliminating policy interference.
o) 2 3) @)
Variable GIE GIE GIE GIE
DID 0.278 *** 0.263 *** 0.211 ** -0.127
(4.59) (2.72) (2.15) (-0.58)
LEV -0.196 ** -0.162 0.116 -0.757 ***
(—2.01) (-1.01) (0.61) (-3.25)
ROA -0.182 -0.401 -0.423 -0.529
(-0.89) (-1.08) (-1.09) (-1.29)
SIZE 0.512 *** 0.518 *** 0.501 *** 0.376 ***
(20.99) (12.17) (10.88) (6.16)
AGE -0.021 -0.014 -0.022 0.023
(-0.58) (-0.22) (-0.32) (0.29)
Q 0.017 0.056 *** 0.022 -0.037

(1.57) (2.63) (1.21) (-1.41)
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LHR -0.004 *** -0.005 ** 0.001 -0.005
(-2.73) (-2.12) (0.35) (-1.30)
POL 0.176 0.221 -0.067 -0.898
(0.38) (0.26) (-0.08) (-0.88)
_cons -1.167 ** -1.934 * -0.673 0.520
(-2.02) (-1.82) (-0.63) (0.39)
Firm Yes Yes Yes Yes
Year Yes Yes Yes Yes
Pro x Year Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes
N 8665 3488 3251 1926
R2 0.289 0.349 0.282 0.210
Note: T values are shown in brackets; ***, **, * indicates statistical significance at 1%, 5%, and 10%
levels, respectively.
4.2.5. Replacing the Implementation Time of the Policy
The carbon emission trading markets in Beijing, Guangdong, Shanghai, and Tianjin
were officially opened at the end of 2013, and the carbon market in Fujian was opened at
the end of 2016. This paper adjusts their implementation years to 2014 for Beijing, Guang-
dong, Shanghai, and Tianjin, and to 2017 for Fujian, through regression analysis. The re-
sults are displayed in Table 9. Columns (1)—(4) represent the regression results of the entire
lifecycle, growth stage, maturity stage and decline stage, respectively. The regression re-
sults validate the conclusions of the basic regression.
Table 9. The regression results of replacing the implementation time of the policy.
(u))] (2) (3) )
Variable GIE GIE GIE GIE
DID 0.265 *** 0.240 ** 0.254 *** -0.056
(4.69) (2.57) (2.85) (-0.28)
LEV -0.199 ** -0.161 0.120 -0.750 ***
(-2.04) (-1.00) (0.63) (-3.23)
ROA -0.195 -0.408 -0.461 -0.534
(—0.96) (-1.09) (-1.19) (-1.30)
SIZE 0.512 *** 0.517 *** 0.501 *** 0.376 ***
(21.00) (12.13) (10.89) (6.15)
AGE -0.023 -0.014 -0.022 0.024
(-0.63) (-0.20) (-0.32) (0.31)
Q 0.017 0.056 *** 0.023 -0.037
(1.58) (2.64) (1.24) (-1.41)
LHR -0.004 *** -0.005 ** 0.001 -0.005
(—2.68) (-2.09) (0.35) (-1.30)
_cons -1.147 ** -1.937 % -0.681 0.500
(-1.99) (-1.82) (-0.64) (0.38)
Firm Yes Yes Yes Yes
Year Yes Yes Yes Yes
Pro x Year Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes
N 8665 3488 3251 1926
R2 0.290 0.349 0.283 0.210

Note: T values are shown in brackets; ***, **, * indicates statistical significance at 1%, 5%, and 10%
levels, respectively.
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4.3. Heterogeneity Analysis
4.3.1. Enterprise Scale Heterogeneity

Enterprises vary in scale, which may lead to heterogeneous impacts of the carbon
emission trading policy on green innovation. We divide the whole sample into two
groups, large-scale enterprises and small-scale enterprises, according to the median of to-
tal assets. Table 10 shows the regression results. For large enterprises (Cols. 1-4), DID co-
efficients are significantly positive in the full lifecycle and growth stage but not in maturity
or decline. This suggests they invest in green innovation during growth for reputation and
carbon market profits. For small enterprises (Cols. 5-8), the DID coefficients are signifi-
cantly positive in the full lifecycle and maturity stage. They focus on market share and
revenue growth during growth, then invest in green innovation when capital is sufficient.

Table 10. The regression results of enterprise scale heterogeneity.

Large-Scale Enterprises Small-Scale Enterprises
Variable 1) (2) (3) 4) (5) (6) (7) (8)
DID 0.419 *** 0.467 *** 0.194 -0.520 0.147 * -0.055 0.270 * -0.101
(4.60) (3.29) (1.39) (-1.09) (1.71) (-0.37) (1.74) (-0.36)
LEV -0.332* -0.150 0.093 -1.288 ** -0.015 0.166 0.237 -0.517 %
(-1.72) (-0.48) (0.27) (-2.03) (-0.12) (0.76) (0.88) (-1.87)
ROA 0.554 0.408 0.961 -0.768 -0.479 ** -0.729 -0.736 -0.320
(1.38) (0.59) (1.34) (-0.66) (-2.05) (-1.58) (-1.47) (-0.72)
SIZE 0.460 *** 0.354 *** 0.484 **  (0.485**  (0.550 **  (0.642 ***  (0.423 *** 0.507 ***
(9.52) (4.53) (5.43) (3.19) (12.18) (7.62) (4.63) (4.73)
AGE 0.010 0.003 0.018 0.116 -0.101 -0.070 -0.180 -0.066
(0.20) (0.03) (0.21) (0.63) (-1.53) (-0.48) (-1.22) (-0.57)
Q -0.040 0.079 -0.056 -0.219 ** 0.009 0.058 ** -0.003 -0.035
(-1.45) (1.48) (-1.38) (-2.07) (0.67) (2.09) (-0.14) (-1.14)
LHR -0.002 -0.001 0.001 -0.006 0.003 0.002 0.004 0.003
(-1.03) (-0.31) (0.27) (-0.96) (1.10) (0.48) (0.86) (0.47)
_cons —2.594 *** -2.061 -3.379 -2.600 -0.562 -1.980 1.255 0.912
(-2.84) (-1.39) (-1.34) (-0.82) (-0.58) (-0.96) (0.61) (0.48)
Firm Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes
Pro x Year Yes Yes Yes Yes Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes Yes Yes Yes Yes
N 4371 1946 1637 788 4294 1542 1614 1138
R2 0.294 0.329 0.330 0.292 0.240 0.282 0.162 0.210

Note: T values are shown in brackets; ***, **, * indicates statistical significance at 1%, 5%, and 10%
levels, respectively.

4.3.2. The Proportion of Independent Directors Heterogeneity

The strengthened oversight capability of independent directors has the potential to
influence the execution of green innovation initiatives. This paper categorizes samples
into high and low independent director proportions to estimate carbon trading policies
impact on green innovation. Table 11 shows the results. For large enterprises with high
proportions (Cols. 1-4), the DID coefficients are positive in full lifecycle and maturity. For
those with low proportions (Cols. 5-8), coefficients are positive in full lifecycle and
growth. It indicates that enterprises with a high proportion of independent directors tend
to adopt more rational measures in response to the impact of carbon emission trading
policies.
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Table 11. The regression results of the proportion of independent director heterogeneity.

High Proportion of Independent Directors

Low Proportion of Independent Directors

Variable @ (2) (3) @) (5) (6) (7) (8)
DID 0.281 *** -0.015 0.406 ** 0.332 0.344 ***  (0.563 *** 0.229 -0.264
(2.89) (-0.10) (2.46) (0.54) (4.10) (3.84) (1.63) (-0.92)
LEV -0.431 ***  -0.829 *** 0.272 -0.826 ** 0.136 0.409 0.431 -0.678 *
(-3.02) (-3.55) (0.83) (-2.48) (0.93) (1.61) (1.56) (-1.69)
ROA -0.239 -0.536 0.220 -0.374 -0.325 -0.562 -0.513 -0.808
(-0.87) (-0.98) (0.37) (-0.70) (-1.03) (-0.96) (-0.85) (-1.02)
SIZE 0.554 *** 0.503 *** 0.517 **  0.336 ***  0.450 ***  (0.529 **  (.448 *** 0.375 ***
(15.11) (7.78) (6.52) (3.84) (12.05) (7.62) (6.73) (3.39)
AGE -0.077 -0.074 -0.077 0.059 0.022 0.052 -0.027 0.051
(-1.48) (-0.99) (-0.47) (0.47) (0.36) (0.35) (-0.28) (0.37)
Q 0.005 0.053 * -0.022 -0.051 0.049 *** 0.085 ** 0.081 *** -0.037
(0.35) (1.79) (-0.83) (-1.46) (2.82) (2.57) (2.77) (-0.80)
LHR -0.001 -0.001 -0.003 -0.001 -0.008 ***  -0.013 *** 0.004 —0.018 ***
(-0.67) (-0.16) (-0.69) (-0.17) (=3.45) (=3.02) (1.03) (-2.65)
_cons -0.820 -2.053 -1.023 1414 -1.814* -2.923 -1.290 -1.793
(-1.00) (-1.42) (-0.45) (0.70) (-1.92) (-1.38) (-0.90) (-0.75)
Firm Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes
Pro x Year Yes Yes Yes Yes Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes Yes Yes Yes Yes
N 4429 1806 1620 1003 4236 1682 1631 923
R2 0.161 0.095 -0.084 -0.283 0.161 0.060 -0.027 -0.301

Note: T values are shown in brackets; ***, **, * indicates statistical significance at 1%, 5%, and 10%

levels, respectively.

4.3.3. The Level of Green Innovation Heterogeneity

Differences in the level of green innovation affect the strategies that enterprises adopt
in response to the implementation of carbon emission policies. We divide the whole sam-
ple into two groups, high-level of green innovation and low-level of green innovation,
according to the median of green innovation. Table 12 shows the regression results. Col-
umns (1)-(4) show results for high-level green innovation across the full lifecycle, growth,
maturity, and decline periods. Columns (5)-(8) present similar results for low-level green
innovation. Notably, in the maturity stage of high-level green innovation, the DID coeffi-
cients are significantly negative, suggesting that carbon trading policies reduce green in-
novation. On one hand, carbon emission policies may alter enterprises’ future policy ex-
pectations, making them believe policies are stringent or further innovation offers little
short-term returns. On the other hand, high-level green innovators may face higher costs
and risks, discouraging further investment. In contrast, for low-level green innovation,
carbon trading policies improve green innovation, but DID coefficients are insignificant
across the growth, maturity, and decline stages due to enterprise heterogeneity in re-
sources, technology, and management.
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Table 12. The regression results of the level of green innovation heterogeneity.

High-Level of Green Innovation Low Proportion of Independent Directors
Variable @ (2) (3) @) (5) (6) (7) (8)
DID -0.062 -0.009 -0.218 ** 0.040 0.232 *** 0.134 0.198 -0.255
(-1.01) (-0.09) (-2.23) (0.14) (3.13) (1.02) (1.62) (-1.13)
LEV -0.266 ***  -0.457 *** -0.378 * -0.552 % -0.091 -0.287 0.366 -0.358
(-2.59) (-2.70) (-1.93) (-1.76) (-0.83) (-1.44) (1.51) (-1.53)
ROA 0.052 -0.045 0.048 -0.099 -0.490 **  -0.997 ** -0.618 0.106
(0.26) (-0.13) (0.12) (-0.20) (-2.12) (-2.04) (-1.33) (0.25)
SIZE 0.477 *** 0.468 *** 0.424 *** 0484 **  0.160 ***  0.203 *** 0.115* 0.095
(18.30) (10.94) (8.29) (5.48) (5.42) (3.58) (1.88) (1.51)
AGE -0.082 *** -0.065 0.021 -0.103 -0.010 0.071 -0.050 -0.030
(-2.74) (-1.35) (0.36) (-1.03) (-0.17) (0.40) (-0.53) (-0.31)
Q 0.031 *** 0.041 ** 0.047 ** 0.064 -0.008 0.018 -0.009 -0.018
(2.67) (2.03) (2.47) (1.58) (-0.67) (0.66) (-0.40) (-0.67)
LHR -0.003 **  -0.008 *** 0.002 -0.003 -0.001 -0.000 0.003 -0.005
(=2.31) (=3.41) (0.73) (-0.62) (-0.81) (-0.13) (0.80) (-1.24)
_cons -0.126 0.931 -1.988 1.174 0.055 -1.460 0.742 2.402
(-0.20) (0.98) (-1.22) (0.76) (0.06) (-0.58) (0.50) (1.45)
Firm Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes
Pro x Year Yes Yes Yes Yes Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes Yes Yes Yes Yes
N 4376 1949 1662 765 4289 1539 1589 1161
R2 0.343 0416 0.371 0.363 0.096 0.142 0.116 0.102

Note: T values are shown in brackets; ***, **, * indicates statistical significance at 1%, 5%, and 10%
levels, respectively.

4.3.4. Regional Heterogeneity

To clarify the impact of carbon emission trading policies in pilot regions on green
innovation, this paper conducted a regression analysis on eight pilot regions, respectively.
The results are shown in Table 13. In the regression results of each region, the first column
is the regression result of the whole lifecycle, and the second to fourth columns are the
regression results of the growth stage, the mature stage and the decline stage, respectively.
According to Table 13, Shenzhen and Beijing’s carbon emissions trading policies have a
significant positive impact on enterprises throughout their entire lifecycle and particularly
in the growth stage. Guangdong’s policy, meanwhile, positively affects the green innova-
tions of enterprises in the maturity stage. Conversely, Hubei’s policy has a significant neg-
ative effect on the green innovation in the growth stage, potentially due to institutional
constraints like the expiration and cancellation of untraded carbon quotas. Chongging’s
policy, on the other hand, has no significant impact, primarily because of excessive total
carbon quotas. Tianjin and Fujian’s policies positively influence enterprises in the growth
stage but Tianjin’s policy also negatively impacts those in the decline stage. Lastly, Shang-
hai’s policy shows no significant impact, which may be attributed to its weak legal status
as a mayor’s order and uneven quota allocation across different industries.
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Table 13. The regression results of regional heterogeneity.

Variable Shenzhen Beijing
1) (2) (3) 4) (5) (6) (7) (8)
DID 0.449 ** 0.453 * 0.295 -0.604 0.869 ***  0.879 *** 0.384 0.679
(2.56) (1.72) (1.13) (-0.57) (5.97) (4.18) (1.19) (0.89)
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes Yes Yes Yes Yes
Variable Guangdong Hubei
9) (10) (11) (12) (13) (14) (15) (16)
DID 0.282 ** -0.051 0.559 ** 0.155 0.166 -0.536 * 0.118 0.113
(1.96) (-0.24) (2.22) (0.18) (0.17) (-1.75) (0.31) (0.13)
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes Yes Yes Yes Yes
Variable Chonggqing Fujian
17) (18) (19) (20) (21) (22) (23) (24)
DID 0.472 0.282 -0.045 -0.139 0.217 0.533 ** 0.209 0.431
(1.58) (0.53) (-0.07) (-0.11) (1.38) (2.07) (0.72) (0.84)
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes Yes Yes Yes Yes
Variable Tianjin Shanghai
(25) (26) (27) (28) (29) (30) (31) (32)
DID 0.296 1.448 ** -0.125 -0911°* -0.076 -0.132 0.018 -0.369
(0.79) (2.17) (-0.22) (-1.84) (-0.49) (-0.45) (0.08) (-0.83)
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Firm Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes Yes Yes Yes Yes

Note: T values are shown in brackets; ***, **, * indicates statistical significance at 1%, 5%, and 10%
levels, respectively.

4.4. Mechanism Verification
4.4.1. Model Setting

Based on the theoretical and hypothetical sections mentioned above, we select financ-
ing constraints (SA) and corporate capital (CI) investment as intermediary variables to
explore the mechanism of carbon emission trading policies on corporate green innovation.
The construction of the mediation model is described as follows

M = Bo + B1DID;; + BControly, + 6 + py + & ()

GSPAT;; = yo + y1DID;; + Y, M + ysControly, + 8; + py + €t 3)

where the subscript i stands for the observation unit, the subscript ¢ stands for the time.
M stands for the mediating variables, including financing constraint SA and capital in-
vestment CI. We select the SA index to represent financing constraints, and the formula is
SA =0.043 x size?-.737 x size—0.04 x age. Generally, the SA index takes a negative value,
and the higher the SA value is, the greater the degree of financing constraints for the
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enterprise. The variable of capital investment is represented by the proportion of intangi-
ble assets, fixed assets, and other long-term assets in the total assets of the enterprise. The
data are from the CSMAR database.

4.4.2. Verification of the Mechanism of Financing Constraint

Table 14 presents the empirical results of the carbon emissions trading policy affect-
ing green innovation through financing constraints. Column (1) shows the impact of the
carbon trading policy on financing constraints of the entire lifecycle of the enterprises. The
DID coefficient is negative and significant at the 10% level, indicating that the policy is
conducive to alleviating corporate financing constraints. In column (2), the DID coefficient
is positive and significant, and the value is smaller than the DID coefficient in the bench-
mark regression, while the value of SA is negatively significant, indicating the existence
of a mediating effect. Specifically, the carbon trading policy can promote green innovation
by alleviating financing constraints. Columns (3)—(4) and columns (5)—(6) reflect the im-
pact of the carbon trading policy on growing enterprises and mature enterprises, respec-
tively. According to the regression results, the explanatory variables are significant and
the signs are consistent with those of the whole sample. The mediating effect of financing
constraints holds for growing enterprises and mature enterprises. Since there is no corre-
lation between the green innovation of declining enterprises and the carbon trading pol-
icy, no further test of the mechanism is conducted. Hypothesis 3 is verified.

Table 14. The mechanism of financing constraint.

@ (2) 3) @ (5) (6)
Variable SA GIE SA GIE SA GIE
DID —-0.023 *** 0.269 *** -0.019 ** 0.255 *** -0.032 *** 0.196 **
(-4.58) (4.43) (-2.22) (2.63) (-4.38) (1.99)
LEV 0.040 *** —-0.180 * 0.058 *** -0.137 0.048 *** 0.139
(4.91) (-1.85) (4.02) (-0.85) (3.37) (0.73)
ROA 0.050 *** -0.163 0.019 -0.393 0.091 *** -0.380
(2.95) (-0.80) (0.57) (-1.05) (3.17) (-0.98)
SIZE -0.019 *** 0.504 *** -0.024 *** 0.508 *** -0.012 *** 0.495 ***
(-9.14) (20.59) (-6.28) (11.85) (-3.53) (10.74)
AGE 0.031 *** -0.009 0.025 *** -0.004 0.027 *** -0.009
(10.23) (-0.24) (4.24) (-0.05) (5.38) (-0.14)
Q -0.019 *** 0.010 -0.018 *** 0.048 ** -0.015 *** 0.015
(-21.18) (0.85) (-9.55) (2.23) (-10.73) (0.82)
LHR -0.001 *** —0.004 *** -0.001 *** -0.006 ** -0.001 *** 0.001
(-6.44) (-2.93) (—4.50) (-2.29) (-3.40) (0.23)
SA —0.394 *** —-0.427 ** -0.468 *
(-2.92) (-2.03) (-1.76)
_cons 3.402 *** 0.172 3.318 *** -0.516 3.584 *** 1.003
(70.79) (0.23) (34.69) (-0.41) (45.20) (0.70)
Firm Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Pro x Year Yes Yes Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes Yes Yes
N 8665 8665 3488 348 3251 3251
R2 0.790 0.225 0.685 0.185 0.821 0.082

Note: T values are shown in brackets; ***, **,

levels, respectively.

% s

indicates statistical significance at 1%, 5%, and 10%
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4.4.3. Verification of the Mechanism of Capital Investment

Table 15 presents the empirical results with enterprise capital investment as the me-
diating variable. Columns (1) and (2) show the policy effect of the implementation of the
carbon trading policy on enterprise green innovation through increased capital invest-
ment in the full sample. The DID coefficient in column (1) is not significant, indicating that
the carbon trading policy has no impact on enterprise capital investment. The carbon trad-
ing policy has not promoted green innovation by increasing capital investment. Columns
(3) and (4) reflect the impact of growing enterprises through capital investment. Accord-
ing to the results, the mediating effect of enterprise capital investment is not valid for
growing enterprises. Columns (5) and (6) reflect the impact of capital investment in ma-
ture enterprises. The regression coefficients of DID are significantly positive. This indi-
cates that the mechanism of the carbon trading policy promoting green innovation by in-
creasing capital investment in mature enterprises is valid. Hypothesis 4 is verified.

Table 15. The mechanism of capital investment.

1) (2 (3) 4) (5) (6)
Variable CI GIE CI GIE CI GIE
DID 0.020 0.265 *** -0.003 0.266 *** 0.018 * 0.199 **
(1.48) (4.38) (-0.34) (2.76) (1.78) (2.03)
LEV 0.067 *** —0.251 ** 0.087 *** -0.267 * 0.072 *** 0.070
(3.08) (-2.57) (5.06) (-1.66) (3.71) (0.37)
ROA -0.048 -0.145 -0.045 -0.357 -0.031 -0.385
(-1.47) (-0.71) (-1.12) (-0.96) (-0.79) (-0.99)
SIZE —-0.018 *** 0.525 *** -0.026 *** 0.547 *** -0.009 * 0.506 ***
(-2.86) (21.50) (-5.73) (12.82) (-1.92) (11.00)
AGE -0.016 ** -0.013 -0.009 —-0.006 -0.015 ** -0.013
(-2.38) (-0.34) (-1.25) (-0.10) (-2.24) (-0.20)
Q 0.002 0.015 0.004 0.051 ** -0.001 0.021
(0.81) (1.39) (1.59) (2.42) (-0.45) (1.11)
LHR -0.000 -0.004 ** -0.001 ** -0.005 * 0.000 0.001
(-0.59) (-2.52) (-2.00) (-1.83) (1.28) (0.35)
CI 0.644 *** 1.006 *** 0.622 ***
(6.21) (5.69) (3.20)
_cons 0.685 *** -1.616 *** 0.654 *** -2.630 ** 0.590 *** -1.037
(6.24) (-2.78) (5.76) (-2.47) (5.44) (-0.97)
Firm Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Pro x Year Yes Yes Yes Yes Yes Yes
Ind x Year Yes Yes Yes Yes Yes Yes
N 8652 8652 3483 3483 3246 3246
R2 0.055 0.293 0.066 0.356 0.078 0.285

Note: T values are shown in brackets; ***, **, * indicates statistical significance at 1%, 5%, and 10%
levels, respectively.

5. Conclusions and Policy Recommendations
5.1. Conclusions

We explore the impact of carbon emission trading policy on the level of green inno-
vation in enterprises based on a sample of 684 A-share listed companies in the Shanghai
and Shenzhen carbon market pilot areas from 2020 to 2022 from the perspective of the
lifecycle, as well as its underlying mechanisms. The main conclusions are listed as follows:
First, carbon emission trading policies significantly promote corporate green innovation,
especially in the growth and the maturity stages of enterprises. Second, carbon trading
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policies vary by firm size, board independence, green innovation level, and region, with
mixed impacts across enterprise lifecycle stages. Third, carbon emission trading policies
influence green innovation in enterprises through financing constraints and capital invest-
ment, especially during the maturity stage.

5.2. Policy Recommendations

Based on the conclusions, we propose the policy implications. First, for growing and
mature enterprises, the government should provide more flexible carbon emission trading
policies to encourage them to conduct green innovation. For declining enterprises, the
government can guide them to adapt to the new market environment through transfor-
mation or reorganization.

Second, full consideration of firm size, board independence and green innovation
level disparities should be undertaken. Government should introduce incentive carbon
trading policies for large growing firms and small mature firms, encourage high-director
firms and high-innovation firms to invest in green innovation during the maturity stages
of enterprises. Meanwhile, government should guide low-director firms to improve gov-
ernance and provide more technical support for low-innovation firms, tailoring carbon
trading policies to enterprises in different stages of lifecycle in pilot regions.

Third, the government should focus on the financing needs of enterprises in the
growth stage and encourage them to increase green innovation investment by providing
innovative financial products such as green credit and green bonds to reduce their financ-
ing costs. For enterprises in the mature stage, the government can also encourage them to
increase capital investment in green innovation projects through tax incentives and fiscal
subsidies.

5.3. Limitations and Future Directions

Despite being the first comprehensive exploration of the impact of carbon emission
trading policies on corporate green innovation from a lifecycle perspective, this paper still
has some limitations that require further research. Firstly, due to the typical characteristics
of China’s low-carbon policies, this paper only analyzes the effects of China’s carbon trad-
ing policies. Therefore, subsequent research will attempt to assess the impact of carbon
emission trading policies on corporate green innovation from a lifecycle perspective by
combining data from different countries with Chinese data. Secondly, corporate green in-
novation in this paper is only represented by the number of green patent applications,
which is a relatively single dimension of measurement. Moreover, patent applications
usually require a certain time period, resulting in the number of green patent applications
not reflecting current corporate green innovation activities in a timely manner. The next
goal of this research is to comprehensively measure the level of corporate green innova-
tion, taking into account multiple dimensions such as technological innovation and prac-
tical application.
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