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Abstract: Enhancing the Autonomy and Controllability of green enterprises is crucial for
promoting the sustainable development of a green, low-carbon economy. Carbon trad-
ing policy has garnered widespread attention across China, offering a novel approach
to enhancing the capabilities of Chinese green enterprises. This study aims to explore
the impact of carbon trading policies on the Autonomy and Controllability of green en-
terprises. By introducing the mediating variable of Green ambidextrous innovation, the
action mechanism between carbon trading policies and the Autonomy and Controllability
of green enterprises is analyzed. In addition, the internal action mechanism of Green
ambidextrous innovation is revealed, providing a reference for improving the Autonomy
and Controllability of green enterprises and building a global safe and controllable green
supply chain. Drawing on data from 126 publicly-listed green companies in China, this
study constructs a chain mediation framework based on the logic of “Carbon Trading
Policy—Green ambidextrous innovation—Autonomy and Controllability of Green Enter-
prises.” Utilizing the DID methodology, the analysis explores the impact and mechanisms
of the carbon trading policy on green enterprises’ Autonomy and Controllability. The
findings indicate that the carbon trading policy significantly enhances the Autonomy and
Controllability of green enterprises. Mechanistic analysis reveals that the policy boosts
the controllability of green enterprise customers through Green ambidextrous innovation,
although its effect is not significant. Additionally, the study identifies internal mechanisms
within Green ambidextrous innovation that influence these capabilities. Heterogeneity
analysis shows that the carbon trading policy has a particularly pronounced effect on the
Autonomy and Controllability of green enterprises in western China and is more impactful
for green factories compared to green supply chain enterprises.

Keywords: carbon emission trading policy; autonomy and controllability of green enter-
prises; green exploratory innovation; green exploitative innovation; chain-mediating effects

1. Introduction
Faced with escalating carbon emissions concerns, developing a green economy has

become a crucial priority for governments globally. As key micro-entities supporting
the sustainable and environmentally friendly development of the real economy, green
enterprises play a vital strategic role in refining economic structures and advancing green
economic growth. Specifically, scholars such as Wang Weiguang proposed that the Auton-
omy and Controllability of the green enterprise supply chain greatly affects the extension
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of the entire industrial chain and the optimization and upgrading of the industrial struc-
ture [1]. Therefore, this study believes that the Autonomy and Controllability of green
enterprises should be based on the two aspects of Autonomy and Controllability; that is,
green enterprises should improve their advantageous bargaining position (Controllability)
in the supply chain by reducing their dependence on external technologies and products
(Autonomy). This means that green enterprises should properly handle the contradiction
between excessive external dependence and lack of internal development, improve their
overall bargaining power in the supply chain, and enhance their Autonomy and Controlla-
bility in the supply chain. Currently, with frequent international economic, trade, and social
events, the green industry faces severe challenges from external uncertainties. These factors
challenge the enhancement of the autonomy level and controllable efficiency of green enter-
prise supply chains, underscoring the urgent need to bolster the resilience and recovery
capabilities of supply and industrial chains. As a significant global power in a critical phase
of cross-cycle economic adjustment, the Chinese government has consistently focused
on building and upgrading industrial chains’ Autonomy and Controllability systems. A
Chinese government report highlighted “enhancing the Autonomy and Controllability of
industrial chains and supply chains” as a key task [2]. Meanwhile, the government empha-
sized the utmost importance of ensuring the security of critical supply chains [3]. Although
the Chinese government prioritizes controllability over the supply chain, it still lacks com-
prehensive control over critical segments of the entire supply chain, leading to frequent
disruptions, with bottlenecks and breakpoints increasingly manifesting spill-over effects.
Thus, enhancing the Autonomy and Controllability of green enterprises within the supply
chain has become an essential strategy for the Chinese government to maintain economic
stability while seeking progress and fostering stability through new developments.

The large quantities of greenhouse gases, such as carbon dioxide, brought about by
excessive consumption of traditional energy have directly had a serious adverse impact
on the global climate, requiring countries around the world to take into account the need
for green and low-carbon development while ensuring economic benefits. Based on such
problems, countries have begun to pay attention to carbon emissions and continue to
explore low-carbon paths. The European Union set carbon emission quotas for industries
such as power manufacturing through the 2005 carbon emissions trading system. The
United States launched the Regional Greenhouse Gas Initiative in 2009. China issued the
“Notice on the Pilot Work of Low-Carbon Provinces and Cities” in 2010. Despite this, the
traditional carbon emission reduction policies of China, America, and European countries
generally directly increase the operating costs of enterprises through administrative orders
such as taxes and administrative penalties, thereby controlling the carbon emissions of
enterprises. This mandatory carbon emission penalty often accelerates enterprises to
replace the penalty costs by pursuing the economic benefits of carbon emissions. Therefore,
this kind of environmental regulation of carbon emission reduction passively carried out
by enterprises at the expense of product output is not sustainable. In the long run, it is
not conducive to the transformation and development of enterprises to green and low
carbon. The Pilot Policy for Carbon Emission Rights Trading (hereafter referred to as the
carbon trading policy) promoted by the Chinese government provides a market-based
solution to break this dilemma. On the one hand, carbon trading policies can encourage
enterprises to carry out green technology innovation [4,5], improve energy efficiency, and
thus obtain excess emission reduction benefits; on the other hand, carbon emission rights
trading policies enable the carbon emission rights trading system to internalize external
environmental costs mainly through price mechanisms, thereby constraining the carbon
emissions of enterprises [6]. In summary, the emergence and use of market-based carbon
emission measures not only promote the improvement of the overall benefits of enterprises
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but also promote the green transformation of enterprises and enhance the competitiveness
of green enterprises in the supply chain.

Carbon trading policies provide a new solution for improving the Autonomy and
Controllability of green enterprises. On the one hand, it incentivizes enterprises to engage
in green technological innovation, diversify their sourcing options, achieve multiple supply
chain options, reduce reliance on single suppliers, and enhance their controllability over
suppliers; on the other hand, the policy encourages companies to adjust their product
structures through green technological innovation, diversify sales channels, reduce depen-
dence on a single customer group, and improve their bargaining position within the supply
chain. It can be seen that the impact of carbon trading policies on the Autonomy and
Controllability of green enterprises is achieved through two steps. The first step of carbon
trading policies is to encourage green enterprises to continuously explore green “bottle-
neck” technologies. The second step is for green enterprises to promote the transformation
of their own green patents into application results, which constitutes the specific concept of
Green ambidextrous innovation. Therefore, a question worth studying arises: can carbon
trading policies be used to stimulate green enterprises to conduct exploratory innovation of
green technologies [7,8] thereby accelerating the application of innovative patents; that is,
to achieve the “two-step” approach of Green ambidextrous innovation, thereby enhancing
the Autonomy and Controllability of green technologies in the supply chain?

To date, academic research has extensively explored the relationship between carbon
trading policies and green innovation, particularly focusing on the nexus between carbon
trading policies and Green ambidextrous innovation. Regarding the relationship between
carbon trading policies and green innovation, the scholarly opinion is broadly categorized
into three groups. Some studies suggest that carbon trading policies can negatively affect
corporate green innovation, as the unreasonable allocation of carbon emission rights may
inhibit innovation activities [9]. Others argue that no correlation exists between carbon
trading policies and corporate green innovation [10]. Scholars like Calel, R [5], by analyzing
patent data from companies participating in the EU Emissions Trading System, have ob-
served a notable increase in patents for green, low-carbon technologies in the later stages of
the EU carbon market. Regarding promoting carbon green technology innovation through
carbon trading policies, existing studies not only establish the relationship between carbon
trading policies and corporate green innovation [11] but also explore the specific pathways
of influence. Carbon trading policies can drive green technological innovation through two
primary channels: internal environmental investment and external environmental regu-
lations [7]. On the one hand, carbon trading policies primarily encourage internal green
innovation within resource-based industries through four pathways: increasing the income
benefits of resource-based industrial enterprises, reducing capital constraints, providing
subsidies, and enhancing corporate research and development incentives [12]. On the other
hand, the effectiveness of carbon trading policies varies under different circumstances:
compared to enterprises with lower carbon emissions, those with higher emissions levels
are more significantly motivated to innovate by carbon trading policies [13]. Additionally,
market-driven environmental regulations like carbon emission trading policies play a cru-
cial role in promoting overall green technological innovation in enterprises, with a stronger
effect on technological innovation at the production end [14].

According to theories of technological innovation, Green ambidextrous innovation
is divided into green exploratory innovation and green exploitative innovation. The cur-
rent academic focus lies on three aspects: the relationship between green exploratory and
exploitative innovation, the antecedents of Green ambidextrous innovation, and the out-
come variables of Green ambidextrous innovation. Scholars such as [15,16] identify both
a balance dimension and a combination dimension, where competition and complemen-
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tarity coexist. Regarding the antecedents of ambidextrous innovation, scholars generally
identify structural factors, leadership factors, and strategic factors as influencing Green
ambidextrous innovation. Centralized organizational structures are not conducive to green
exploratory innovation [17]. Scholars such as [18] have shown that a shared leadership style
positively influences organizational Green ambidextrous innovation. Wang, Y.D et al. [19]
have suggested that strategic orientation and market orientation influence corporate Green
ambidextrous innovation by balancing organizational dual capabilities. In terms of out-
come variables for ambidextrous innovation, existing studies demonstrate that both the
balance and combination within Green ambidextrous innovation significantly enhance
corporate performance [15,17,20].

Regarding the Autonomy and Controllability of green enterprises, current research is
sparse and primarily focuses on industrial Autonomy and Controllability. Scholars such
as [1] suggest that reducing dependence on external technology and products is one of the
criteria for strong industrial Autonomy and Controllability. However, more research is
needed in the academic field on the relationship between Green ambidextrous innovation
and corporate Autonomy and Controllability or organizational resilience. Specifically, both
green exploratory and exploitative innovations can reduce a company’s reliance on cus-
tomers [21], suggesting that ambidextrous innovation positively influences the Autonomy
and Controllability of green enterprises by effectively mitigating external dependencies. In
terms of the relationship between ambidextrous innovation and organizational resilience,
existing research indicates that green exploratory innovation can increase the number of
patents, allowing companies to sell these patents to generate immediate cash flow. This
cash flow can be used to mitigate the negative impacts of shocks, thereby enhancing the
company’s resistance to external disruptions and improving crisis management capabili-
ties. Additionally, a robust Green ambidextrous innovation environment also contributes
to product diversification, enhancing organizational resilience [22,23]. Moreover, a few
scholars have noted the impact of Green ambidextrous innovation on corporate resilience
under different circumstances, suggesting that a company’s green exploratory innovation
only affects resilience when the company’s profitability is low [24].

In summary, current research still has the following four shortcomings: First, the
mechanisms by which carbon trading policies affect the Autonomy and Controllability of
micro-green enterprises have not been elucidated. Second, previous studies have primarily
focused on the antecedents and consequences of Green ambidextrous innovation, often
using green exploratory and exploitative innovations as mediating variables, with scant
attention given to the internal chain-like impact mechanisms of Green ambidextrous in-
novation. Third, current research primarily focuses on the Autonomy and Controllability
of industries and the resilience and security of green enterprise supply chains. However,
studies examining the controllability of upstream and downstream elements within the
supply chain remain scarce. In light of these deficiencies, this paper constructs a theoretical
analysis framework based on the Green ambidextrous innovation theory, following the
“Carbon Trading Policy—Green ambidextrous innovation—Autonomy and Controllability
of Green Enterprises” structure. This paper examines how carbon trading policies influence
the Autonomy and Controllability of green enterprises, highlighting Green ambidextrous
innovation as a key mediating variable that reveals the internal, chain-like mechanisms of
such innovation. Specifically, carbon trading policies facilitate green technological inno-
vation through Green ambidextrous innovation, transitioning from the exploratory stage
to the application stage, developing replaceable energy-saving materials and a diverse
range of green products. This enables enterprises to gain a competitive bargaining position
in procuring raw materials and selling goods, thereby enhancing their Autonomy and
Controllability. Thus, the marginal contributions of this paper are threefold: First, based
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on the regression analysis of the impact of carbon trading policies on the Autonomy and
Controllability of green enterprises, this paper empirically tests the mediating influence
mechanism of Green ambidextrous innovation and provides new ideas for the sustainable
development of green enterprises under the background of carbon peak and carbon neutral-
ity goals. Second, unlike the existing research on Green ambidextrous innovation, this study
fully explores the internal chain influence mechanism of Green ambidextrous innovation
on the basis of examining the overall mechanism of Green ambidextrous innovation; that is,
it examines the transmission effect from green exploratory innovation to green application
innovation and provides more reliable quantitative evidence for the transition of green
innovation results from theory to practice. Third, based on theories such as the five forces
model, this paper fully measures the Autonomy and Controllability of green enterprises
from three dimensions: customers, suppliers, and supply chains, refines the Autonomy and
Controllability of green enterprises, and explores the impact mechanism of carbon trading
policies on different stakeholders in the supply chain of green enterprises.

The remaining structure of this paper is organized as follows: Section 2 discusses the
theoretical mechanisms and research hypotheses, Section 3 details the variables and model
settings, Section 4 analyzes the impact and mechanisms of carbon trading policies on the
Autonomy and Controllability of green enterprises and also explores the varying effects of
these policies on green enterprises across different regions and businesses, and Section 5
discusses and summarizes the results.

2. Theoretical Hypotheses
A substantial body of research indicates that market-based trading mechanisms are

among the most effective means of addressing the externalities associated with environmen-
tal pollution [25]. As previously mentioned, enterprises’ Green ambidextrous innovation
activities are mainly categorized into two types: green exploratory innovation, which
primarily focuses on the pathway exploration of disruptive green technologies, and green
exploitative innovation, which concentrates on the application and transformation of green
innovation outcomes [17]. These two types of innovation work together to enhance the core
capabilities of green enterprises at both the technological and market levels [26], thereby
establishing a competitive bargaining position within the supply chain and strengthen-
ing the Autonomy and Controllability of green enterprises. As shown in Figure 1, The
paper follows a chain-mediated impact pathway of “Carbon Trading Policy—Green Ex-
ploratory Innovation—Green Exploitative Innovation—Autonomy and Controllability of
Green Enterprises” for analysis.

2.1. Carbon Trading Policy and the Autonomy and Controllability of Green Enterprises

Carbon trading policies enhance the bargaining power of green enterprises within the
supply chain through customer preferences and pressure transmission, thereby impacting
their Autonomy and Controllability. This influence is manifested in three main aspects: In
the customer segment, the carbon trading policy and the trend towards economic green
transformation have led to increased demand for environmentally friendly and low-carbon
products. Customers are likely to favor products from green enterprises, thus increasing
the stickiness between customers and green enterprises, enhancing customers’ dependence
on green products, and consequently boosting enterprises’ control over their customers.
On the other hand, green products emphasize resource conservation and recycling, which
helps to reduce procurement costs and waste disposal expenses, thereby enhancing the
cost-effectiveness of green products. From the perspective of purchasing costs, customers
are more inclined to choose green products from green enterprises. Therefore, in negotia-
tions and bargaining with customers, enterprises often hold an advantageous position [27],
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strengthening green enterprises’ Autonomy and Controllability. Regarding the supplier
segment, carbon trading policies encourage green enterprises to procure substitutable
energy-saving materials. This information is conveyed to suppliers through the supply
chain feedback mechanism [28], reducing suppliers’ opportunistic motives and the like-
lihood of contract breaches, thereby increasing the controllability green enterprises have
over their suppliers. For the overall supply chain, carbon trading policies differentially
impact enterprise procurement needs and customer preferences through the information
transmission of the green enterprise supply chain, thereby enhancing the controllability
of green enterprises over their supply chain. According to Porter’s hypothesis, appropri-
ate environmental regulations can stimulate enterprises to engage in green technological
innovations, meaning that enterprises can choose more substitutable raw materials while
also producing competitively marketable green products. Based on resource dependence
theory, for survival, suppliers and customers depend on enterprises that control key green
resources [29], thereby strengthening the enterprise’s controllability over the supply chain.
In summary, this study proposes hypothesis H1:

H1. Carbon trading policies significantly enhance the level of Autonomy and Controllability of
green enterprises.

2.2. Carbon Trading Policy and Green Exploratory Innovation

Carbon trading policies enhance the innovative behaviors of green enterprises in
scientific research and development through market-based carbon quota trading and ac-
companying fiscal measures such as tax relief and institutional subsidies, thereby obtaining
innovation compensation through directional changes in green technology. Conceptually,
the impact of carbon trading policies on green exploratory innovation is the first step in a
chain impact mechanism; that is, carbon trading policies realize the marketization of carbon
dioxide emission costs for green enterprises, forcing green enterprises to explore innovative
green disruptive technologies and enhance their willingness for green exploratory innova-
tion, thereby rationalizing and optimizing the internal costs of carbon emissions. Regarding
internal influences, Porter’s hypothesis suggests that appropriate environmental regulation
can create an “innovation offset”, which partially or fully compensates for the costs of
implementing environmental management practices and enhances corporate competitive-
ness through innovation [27]. This competitive edge often manifests through “weak” and
“strong” effects—the former indicating that well-designed environmental regulations can
stimulate innovation, while the latter assesses the impact of environmental regulations
on business performance metrics such as productivity. From an external environment
perspective, on the one hand, carbon trading policies serve as a crucial mechanism for
implementing environmental regulations, aiming to control total carbon emissions and
promote inter-company carbon quota trading to optimize the allocation of carbon quota
resources among enterprises. Under the pressure of carbon quotas, green enterprises con-
sider that disruptive innovation can accelerate the transformation of their production and
operational processes, enhance their core competitiveness in products and services, and
increase their share in mainstream markets [30]. Meanwhile, the technological transforma-
tions from disruptive innovations directly reduce the marginal emission costs per unit of
time. With increasing returns due to scale effects, the long-term value of green products
will exceed the investment costs of developing disruptive technologies [31], prompting
green enterprises to invest more in exploring disruptive innovation pathways. This invest-
ment strategy can sustain cash flow for green exploratory innovation [31,32]. On the other
hand, for external green enterprises, carbon trading policies provide clear market price
information and directions for technological innovation [33] and support disruptive green
technologies and cutting-edge technological innovations with accompanying tax relief
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measures and fiscal subsidies [34]. This creates an incentive mechanism for low-carbon
technological innovation in enterprises, which can reduce various risks associated with
low-carbon technological innovations to some extent and enhance the certainty of the value
derived from investments in carbon emission reduction [35]. In conclusion, this study
proposes Hypothesis H2:

H2. Carbon trading pilot policies significantly enhance the level of green exploratory innovation in
enterprises.

2.3. Green Exploratory Innovation and Green Exploitative Innovation

The shift from demand-driven to application-oriented innovation signifies an internal
mechanism within enterprises’ Green ambidextrous innovation. This dual-mode innovation
is primarily characterized by a transition from the incremental effects of green exploratory
innovation to the breakthrough effects of green exploitative innovation. Technological
innovation theory posits [36] that Green ambidextrous innovation comprises both green
exploratory and exploitative innovations, suggesting that enterprises should be capable
of learning and applying knowledge and continuously engage in innovative activities
through ongoing breakthroughs and transformations [37]. Additionally, after accumulating
innovation activities, enterprises excavate and reshape their existing knowledge systems
to achieve a reintegration of resources and technological knowledge systems. This accel-
erates the practical application of green technological innovations in product design and
production processes within the supply chain, subsequently benefiting consumers [38] and
facilitating the widespread adoption of green innovations. Considering the intra-chain
effects of ambidextrous innovation, which reflect the transition of green technology devel-
opment from the trial-and-error phase to the application stage—achieving a breakthrough
from zero to one—the associated experimentation and sunk costs can hinder the efficiency
of realizing the Green ambidextrous innovation chain. To minimize these adverse effects as
much as possible, it is advisable to utilize endogenous R&D and exogenous technology
acquisition. This requires green enterprises to accumulate internal knowledge and technol-
ogy while expanding external channels for acquiring new knowledge, staying abreast of
cutting-edge technologies in relevant fields, and effectively integrating external heteroge-
neous knowledge with internal existing technologies to promote an efficient transition of
green technology innovation from the exploratory to the application stage. In summary,
we propose Hypothesis H3:

H3. Green exploratory innovation significantly enhances the level of green exploitative innovation.

2.4. Green Ambidextrous Innovation and the Autonomy and Controllability of Green Enterprises

Green ambidextrous innovation has a differentiated impact on the controllability
of upstream suppliers, downstream customers, and the overall supply chain for enter-
prises. Autonomy and Controllability within enterprises is primarily reflected in the
self-controllability of the industrial chain, with reducing dependence on external tech-
nology and products being one of the standards for measuring strong Autonomy and
Controllability within existing industrial chains [1]. This implies enterprises can enhance
their Autonomy and Controllability by reducing dependence on upstream and downstream
segments. From this, it can be inferred that reducing reliance on upstream and downstream
dependencies can improve an enterprise’s Autonomy and Controllability to a certain extent.
Specifically, the degree of dependence on different upstream and downstream segments
can have multiple impacts on an enterprise’s controllability, mainly focusing on the adverse
effects on customers, suppliers, and the supply chain. In terms of customer interactions, a
customer’s bargaining power is often influenced by the concentration of the customer base.
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In cases of high customer concentration, the strong bargaining power of major cus-
tomers may increase opportunistic risks, forcing enterprises to accept more oppressive
terms and thus reducing their profits [39,40]. Based on transaction cost theory, due to factors
such as bounded rationality, transaction costs, and information asymmetry, enterprises’
final contracts established with other segments typically only cover short-term production
areas. After the execution of these contracts, renegotiations are required [41], causing fluctu-
ations in the realization of long-term transactions. These two scenarios create compounded
uncertainties in an enterprise’s Autonomy and Controllability, ultimately reducing its
controllability over customers. Regarding the supplier segment, the more dispersed the
concentration of suppliers, the greater their bargaining power over enterprises [39]. Sup-
pliers can use their clear bargaining advantage to exert adverse effects on enterprises in
weaker positions, such as reducing product quality or increasing prices. Furthermore, high
bargaining power among suppliers can lead to a “resource crowding” effect, where the
bargaining advantage of suppliers in the supply chain impacts the business performance of
enterprises [41], harming their interests and thereby reducing the enterprises’ controllability
over their suppliers. For the overall supply chain, the differences in bargaining power
between enterprises and their upstream and downstream suppliers and customers create
significant disparities in the degree and efficiency of resource exchanges across the supply
chain. The former possess more substantial autonomous decision-making capabilities
for actors within the supply chain with high bargaining power compared to those with
low bargaining power who are in a weaker position. Within the framework of resource
dependence theory, weaker entities often choose to accommodate the demands of more
dominant parties to ensure access to critical resources necessary for their survival [42,43].

By incorporating the mechanism of Green ambidextrous innovation, green enterprises
can offset some negative impacts from dominant bargaining actors in the supply chain
by strengthening endogenous R&D and integrating exogenous technologies. Firstly, in-
vestment in exploratory research and development enhances the strength of enterprises in
green design knowledge and technology. Green enterprises can design new environmen-
tally friendly products and improve energy efficiency, producing differentiated, diversified
goods that meet market demands. This provides customers with various product choices,
enhancing the enterprise’s bargaining power over customers, resulting in a win–win sit-
uation of reduced customer concentration and controllable customer demand. Secondly,
green enterprises can achieve greener usage of energy and production materials. It means
that green enterprises can use more renewable energy and substitutable energy-saving
materials, leading to a relative decline in supplier bargaining power. By diversifying sup-
pliers, green enterprises enhance their controllability over suppliers. Furthermore, green
enterprises use the information transmission mechanism within the supply chain to convey
the concept of Green ambidextrous innovation to downstream consumers, who in turn
transmit new demand signals to upstream suppliers. This stimulates suppliers to engage
in Green ambidextrous innovation, creating a linear impact mechanism across upstream,
midstream, and downstream segments of the supply chain. Through a process in which
‘downstream feedback flows upstream’, the supply chain creates a circular linkage, forming
a closed-loop, full-cycle Green ambidextrous innovation ecosystem. This enhances the
leading role of green enterprises within the Green ambidextrous innovation ecosystem and
promotes their controllability over the supply chain. Lastly, green enterprises accelerate
cooperative advantages through Green ambidextrous innovation, achieving win–win coop-
eration with customers and suppliers, mitigating opportunistic motives, and reducing the
likelihood of breaching implicit contractual obligations. In summary, Green ambidextrous
innovation enhances enterprise Autonomy and Controllability by meeting customer needs,
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greening supply chain segments, and leading Green ambidextrous innovation across the
supply chain. Based on this, we propose Hypothesis H4:

H4. Green ambidextrous innovation significantly enhances the Autonomy and Controllability of
green enterprises.

H4a. Green ambidextrous innovation enhances enterprise controllability over customers.

H4b. Green ambidextrous innovation enhances enterprise controllability over suppliers.

H4c. Green ambidextrous innovation enhances enterprise controllability over the supply chain.

Figure 1. Hypothesis model.

3. Materials and Methods
3.1. Data Sources and Processing

This study focuses on green enterprises listed on the Shanghai and Shenzhen stock
markets during 2008–2022, empirically testing the impact of carbon trading policies on the
Autonomy and Controllability of green enterprises. Data sources are as follows: (1) The
list of pilot cities for the carbon trading policy is derived from the carbon emission trading
pilot work document approved by the National Development and Reform Commission
of the People’s Republic of China in 2012 [44]; (2) Data related to Green ambidextrous
innovation, precisely the number of green patent inventions independently applied for
by listed companies annually, is sourced from the China Research Data Services Platform
(CNRDS) database; (3) Following the approach of [45] on “Financial Research”, green
enterprises are identified by matching their principal business activities with the “Green
Industries Guidance Catalogue” and a list of green enterprises is compiled; (4) The list
of enterprises recognized as green factories, green design products, and green supply
chain enterprises from 2017 to 2023, published on the website of the Ministry of Industry
and Information Technology of the People’s Republic of China, which includes a total
of 7346 enterprises; (5) Considering that the “Green Industries Guidance Catalogue” cate-
gorizes green industries into seven categories—energy saving, environmental protection,
clean production, clean energy, environmental services, infrastructure green upgrading,
and green services—the study categorizes green enterprises into green factories and green
supply chain enterprises. The list of green enterprises matches the lists of green factories,
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green design products, green supply chain enterprises, and green parks, retaining the over-
lapping green factory and green supply chain enterprise stock names and codes. (6) Data
related to customer concentration, supplier concentration, and supply chain concentration
are sourced from the GTA (CSMAR) database and matched with the list of green factories
and green supply chain enterprises. Data processing was as follows: (1) Exclusion of ST,
ST* samples, and delisted samples; (2) removal of samples with severe missing variables;
(3) exclusion of samples from the real estate industry; (4) to mitigate the impact of outliers,
all continuous data were winsorized at the 1% and 99% percentiles. The final dataset
includes 126 green enterprises, yielding 1856 observations.

3.2. Variable Definitions

1. Dependent variable: Autonomy and Controllability of Green Enterprises (CAP).
Building on the theoretical analysis and following the methods used by Wu Qiang and
other scholars [42], this study attempts to measure the Autonomy and Controllability
of green enterprises using customer concentration (Cen_con), supplier concentration
(Cen_sup), and supply chain concentration (Cen_chain). The concentration of the
supply chain is measured by the sum of customer and supplier concentrations, where
customer concentration is measured by the revenue percentage generated by the
top five customers, and supplier concentration is measured by the procurement
expenditure from the top five suppliers. It is noteworthy that, according to the
study [42], in conjunction with the theoretical analysis mentioned earlier, all three
categories of supply chain concentration are negatively correlated with the Autonomy
and Controllability of green enterprises.

2. Explanatory Variable: Carbon Trading Policy (DID). This study investigates the impact
of carbon emission policies on the Autonomy and Controllability of green enterprises.
Therefore, the core explanatory variable is the interaction term (DID) between the
policy group dummy variable (Treat) and the time dummy variable (Time). If a
green enterprise participates in the carbon trading policy, it is part of the treatment
group, and the Treat value is set to 1; otherwise, it is part of the control group, and
the Treat value is set to 0. If the year is 2013 or later, which marks the post-policy
implementation phase, Time is set to 1; otherwise, it is set to 0.

3. Mediating Variable: Green ambidextrous innovation. In this paper, Green ambidex-
trous innovation is defined as green exploratory innovation (inno_ex) and green
exploitative innovation (inno_ap). One of the primary green innovation activities
of enterprises is the application of green technology patents, which can be further
divided into joint and independent applications. Therefore, following the method
used by [7], the number of green patent applications by green enterprises is used as
a proxy for ambidextrous innovation. Exploratory innovation is represented by the
sum of the number of green invention patents applied independently and jointly in a
given year; exploitative innovation is represented by the sum of the number of green
utility model patents applied independently and jointly in a given year.

4. Control Variables: This study selects the following control variables: Leverage
(Lev)—Leverage = Total liabilities at the end of the period/Total assets × 100%; Re-
turn on Assets (ROA)—Return on Assets = Net profit/Total assets × 100%; Accounts
Receivable Ratio (REC)—Accounts Receivable Ratio = Net accounts receivable/Total
assets × 100%; Current Ratio (CR)—Current Ratio = Current assets/Current lia-
bilities × 100%; Quick Ratio (Quick)—Quick Ratio = (Current assets − Invento-
ries)/Current liabilities × 100%; Book-to-Market Ratio (BM)—Book-to-Market Ratio =
Book value/Market value × 100%; Firm Age (Firmage); Board Size (Board)—Number
of board members; and the Shareholding Ratio of the Top Three Shareholders (Top3).
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3.3. Model Setup

To test the impact of carbon trading policies on the Autonomy and Controllability of
upstream and downstream supply chains of green enterprises following the approaches
of [7,42], this paper establishes the following benchmark model to prove H1: “α1” represents
the treatment effect of carbon trading policy on the controllability of the supply chain. The
explained variable “CAP” is the Autonomy and Controllability of green enterprises on
the supply chain, including the controllability of green enterprises over customers “CC”
and the controllability of green enterprises over suppliers “SC”, “CONTROLS” is the
control variable, “ε” is the random disturbance term, “i” represents green listed companies,
“t” represents different years, “DID” is the cross product of Time and Treat, and for the
robustness of the model, this paper controls the enterprise fixed effect “Indt” and the year
fixed effect “Yeari”.

CAPit= α0 + α1DIDit +
n

∑
k=1

CONTROLSit+Yeari+Indt + εit (1)

Additionally, the Difference-in-Differences (DID) method is used to estimate the causal
effect of carbon trading policies on exploratory innovation, proving Hypothesis H2, where
β1 represents the treatment effect of carbon policy on green exploratory innovation. Among
them, “GreenExplor” stands for green exploratory innovation.

GreenExplorit= α0 + β1DIDit +
n

∑
k=1

CONTROLSit+Yeari+Indt + εit (2)

To test the impact of green exploratory innovation on green exploitative innovation,
this paper establishes the following baseline model to prove Hypothesis H3, where χ1 repre-
sents the treatment effect of green exploratory innovation on green exploitative innovation.
Among them, “GreenExploi” stands for green utilization innovation.

GreenExploiit= α0 + χ1GreenExplorit +
n

∑
k=1

CONTROLSit+Yeari+Indt + εit (3)

To examine the impact of Green ambidextrous innovation on the Autonomy and
Controllability of green enterprises following the approaches of [46] and other scholars,
this paper constructs regression models to prove H4a, H4b, and H4c. Here, γ1 represents
the treatment effect of Green ambidextrous innovation on customer controllability, δ1 on
supplier controllability, and φ1 on supply chain controllability.

CCit= α0 + δ1GreenExplorit\GreenExploiit +
n

∑
k=1

CONTROLSit+Yeari+Indt + εit (4)

SUCit= α0 + γ1GreenExplorit\GreenExploiit +
n

∑
k=1

CONTROLSit+Yeari+Indt + εit (5)

CAPit= α0 + ϕ1GreenExplorit\GreenExploiit +
n

∑
k=1

CONTROLSit+Yeari+Indt + εit (6)

4. Results
4.1. Descriptive Statistics

According to the descriptive statistics in Table 1, the Autonomy and Controllability of
green enterprises primarily includes dimensions of customers, suppliers, and the supply
chain. Regarding the controllability of green enterprises’ supply chains, the mean value
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is 25.507, with a minimum of 1.48, indicating that the overall controllability of green
enterprises’ supply chains is at a mid-to-lower level. The variance in the controllability of
the supply chain is 13.526, which is relatively high, suggesting significant volatility in the
controllability of green enterprises’ supply chains. For the controllability over customers
of green enterprises, the mean value is 28.336, with a minimum of 0.31, showing that
the overall controllability over customers is also at a mid-to-lower level. The variance in
customer controllability is 18.204, which is relatively high, indicating significant volatility
in the controllability of customers. Regarding the controllability over suppliers for green
enterprises, the average is 27.384, with a minimum of 0.33, suggesting that the controllability
over suppliers is generally at a mid-to-lower level. The variance in supplier controllability
is 18.204, which is relatively high, highlighting noticeable fluctuations in the Autonomy
and Controllability of suppliers. In summary, green enterprises in China exhibit significant
variation in their levels of Autonomy and Controllability, typically positioned at a mid-to-
lower level.

Table 1. Descriptive statistics.

Variable N Mean Std. Dev. Median Max Min

Cen con 1856 28.336 18.204 23.24 95.02 0.31
Cen sup 1856 27.384 14.815 23.265 97.33 0.33

Cen chain 1856 25.507 13.526 22.95 79.91 1.48
Treated 1856 0.277 0.448 0 1 0

time 1443 53.314 124.132 1 526 0
DID 1856 0.199 0.400 0 1 0
Lev 1856 0.435 0.167 0.441 0.864 0.043

ROA 1856 0.047 0.050 0.045 0.219 −0.427
REC 1856 0.15 0.091 0.132 0.507 0
RC 1856 2.158 1.910 1.607 24.226 0.455

Quick 1856 1.698 1.730 1.222 21.888 0.312
BM 1856 0.354 0.141 0.337 0.846 0.049

Firmage 1856 2.878 0.374 2.944 3.689 1.099
Board 1856 2.158 0.187 2.197 2.708 1.609
Top3 1856 0.449 0.142 0.436 0.885 0.149

4.2. Baseline Regression Results

This study aims to examine the impact of carbon trading policies on the Autonomy and
Controllability of green enterprises. As shown in Table 2, columns (1) through (3) control
for individual and time effects and include results with control variables. The estimated
coefficients of the policy effect DID in columns (1) and (3) are negative and significant
at the 1% confidence interval, whereas the estimated coefficient of DID in column (2) is
positive but not significant at the 10% confidence interval. In summary, the carbon trading
policy significantly enhances the controllability of green enterprises over customers and the
supply chain, although the impact on the controllability over suppliers is not significant.
This suggests that carbon trading policies have improved the Autonomy and Controllability
of green enterprises, thus validating Hypothesis H1. This is consistent with the research
of Zhang, S et al. [47], but this study takes green enterprises as the research subject and
expands the impact of carbon trading policies on the autonomous and controllable supply
chain capabilities of green enterprises under microeconomic entities. The reasons may be as
follows: Compared to government-enforced measures, carbon trading policies effectively
address the balance between environmental benefits and economic gains. Under punitive
environmental regulations, considering that the economic benefits often gained at the
expense of the environment far outweigh the costs of mandatory tax penalties, most
enterprises focus more on improving efficiency and lack intrinsic motivation for green
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transformation. Additionally, government-enforced measures typically exhibit a one-time
characteristic, where compulsory penalties by the government occur only once in the short
term, potentially leading to a vicious cycle. With the implementation of a market-based
carbon trading mechanism, the transient shortcomings of administrative measures are offset
by an open and transparent market pricing system. This transformation enables enterprises
to consider the long-term costs associated with carbon emissions more comprehensively,
enhancing their intrinsic motivation for green transformation. Consequently, businesses
are spurred to innovate in green technologies, strengthening the green preferences of
downstream customers.

Table 2. Estimation results of the basic model.

Variable (1) Cen_con (2) Cen_sup (3) Cen_chain

DID
−2.989 *** 0.702 −1.637 *

(0.986) (1.190) (0.877)

Lev
−12.29 *** −5.208 −8.678 ***

(3.544) (4.075) (2.512)

Roa
−22.04 *** −6.194

(6.497) (6.920)

REC
17.43 *** −4.433
(5.359) (6.118)

CR
−3.670 *** −0.475

(1.348) (1.612)

Quick
4.851 *** 1.590
(1.414) (1.706)

BM
−8.008 *** −4.858 −5.213 **

(2.737) (2.993) (2.328)

Firmage −8.387 *** 4.056
(2.981) (3.796)

Board
−5.715 ** 5.182 ** −4.218 **

(2.232) (2.470) (1.984)

Top3 6.304 * −2.858
(3.793) (4.453)

Constant
63.23 *** 18.63 41.56 ***
(9.730) (11.57) (4.787)

Year&Ind Yes Yes Yes

Observations 1773 1471 1775

R-squared 0.668 0.677 0.767

Number of scode 125 125 125
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

4.3. Robustness Tests
4.3.1. Parallel Trends Test

Meeting the parallel trends assumption is a prerequisite for using the Difference-
in-Differences (DID) model, meaning that the Autonomy and Controllability of green
enterprises in both the treatment and control groups should follow the same trends before
implementing the carbon trading pilot. This paper, based on the baseline regression model,
uses the first period as the baseline group for the parallel trends test. It examines the
controllability over customers and the supply chain of green enterprises in the two periods
before and the three periods after policy implementation, as well as the controllability
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over suppliers in the three periods before and after the policy enactment. As shown
in Figures 2–4, there is no significant difference in the controllability level between the
treatment group and the control group before the implementation of the carbon trading
policy, which meets the parallel trend hypothesis. After the implementation of the carbon
trading policy, the controllability of green enterprise customers has been significantly
improved, and the autonomous controllability of green enterprise supply chains has been
slightly improved, but the controllability of suppliers has not been significantly improved.
This is consistent with the research of Li Wan et al. [48]. The reason is that the non-significant
impact of the carbon trading policy on the controllability of green enterprise suppliers may
have weakened the impact of the carbon trading policy on the autonomous controllability
of green enterprise supply chains to a certain extent.

Figure 2. Parallel trends test results for customers.

Figure 3. Parallel trends test results for suppliers.

4.3.2. Placebo Test

Considering that the impact of the carbon trading pilot policy on the Autonomy and
Controllability of green enterprises might be influenced by random factors, this study
conducts a placebo test using random event sampling to eliminate the effects of these
random factors. The rationale for the placebo test assumes that the effects of the carbon
trading policy would still be significant if the policy were hypothetically not implemented
in the current pilot cities. By randomly selecting non-pilot cities as the experimental
group and conducting 500 random samplings, Figures 5–7 show the distribution graphs
of the regression coefficients for customers, suppliers, and the supply chain, respectively.
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As illustrated, the distributions are nearly normal, with a mean close to zero. The high
goodness-of-fit across these three aspects suggests that random factors do not cause the
baseline regression results, and the placebo test is passed.

Figure 4. Parallel trends test results for the supply chain.

Figure 5. Placebo test results for customers.

Figure 6. Placebo test results for suppliers.
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Figure 7. Placebo test results for the supply chain.

4.3.3. PSM-DID Test

The Propensity Score Matching Difference-in-Differences (PSM-DID) method effec-
tively addresses endogeneity bias arising from omitted variables. The specific idea is,
first, select the debt-to-asset ratio (Lev), net profit margin of total assets (ROA), accounts
receivable ratio (REC), current ratio (CR), quick ratio (Quick), book-to-market ratio (BM),
years of establishment (Firmage), shareholding ratio of the top three shareholders (top3),
and other variables as corresponding matching variables, construct the Logit model, and
perform sample matching according to the kernel matching principle and then perform
the PSM-DID applicability test to determine whether there are significant differences in
the covariates between the experimental group and the control group. The specific op-
eration is as follows: on the one hand, first estimate the propensity score, then use the
kernel function to find matching individuals in the control group for each individual in
the treatment group, the matching weight is determined by the kernel function, and then
calculate the average treatment effect after matching. Finally, draw the kernel density map
of the propensity score to intuitively determine whether the common support hypothesis
is established, and compare whether the mean difference in the covariates between the
treatment group and the control group before and after matching is significantly reduced.
As shown in Figures 8–13, the absolute values of the standard deviations of other variables
have dropped significantly after matching, and there are no significant differences in the
covariates between the experimental group and the control group, indicating that the
one-to-one matching is effective and successfully passed the PSM test. On the other hand,
the data balance test is used to eliminate the unmatched variables, and then a benchmark
regression is performed. The results are shown in columns (1) and (3) of the Table 3. The
positive impact of carbon trading policies on the controllability of green enterprises’ cus-
tomers and the controllability of green enterprises’ supply chains is more significant, which
is consistent with the benchmark regression results. The benchmark regression results
are reliable.

Table 3. Propensity score matching (PSM) regression results.

Variables (1)
Cen_con

(2)
Cen_sup

(3)
Cen_chain

DID −3.754 *** 0.426 −1.856 **

Constant
26.90 *** 34.30 *** 26.37 ***
(1.129) (1.229) (0.991)
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Table 3. Cont.

Variables (1)
Cen_con

(2)
Cen_sup

(3)
Cen_chain

Controls Control Control Control

Year&Ind Yes Yes Yes

Observations 1795 1490 1797

R-squared 0.016 0.055 0.159

Number of scode 125 125 125
Standard errors in parentheses. *** p < 0.01, ** p < 0.05.

Figure 8. Kernel density function diagram before customer propensity score matching.

Figure 9. Kernel density function diagram before supplier propensity score matching.
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Figure 10. Kernel density function diagram before supply chain propensity score matching.

Figure 11. Kernel density function after customer propensity score matching.

Figure 12. Kernel density function after supplier propensity score matching.
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Figure 13. Kernel density function after supply chain propensity score matching.

4.3.4. Elimination of Outliers and Changes to the Sample Interval

On the one hand, considering that extreme outliers can significantly impact the esti-
mation of regression coefficients, it is necessary to winsorize continuous variables. This
study applies a [1%, 99%] winsorizing to the sample data. As shown in Table 4, the baseline
regression results remain robust. On the other hand, considering that policy changes may
adversely affect the outcomes, following the approach of [49], the analysis period was
shortened to 2011–2015. The results, as displayed in Table 4, confirm that the conclusions
from the previous sections remain robust.

Table 4. Estimation results of robustness test.

Variables (1)
Winsor_cus

(2)
Winsor_sup

(3)
Winsor_chain

(1)
2011–2015_cus

(2)
2011–2015_sup

(3)
2011–2015_chain

DID
−3.604 *** 0.231 −1.908 ** −3.754 *** 0.426 −1.856 **

(0.983) (1.131) (0.851) (0.994) (1.186) (0.872)

Constant
26.94 *** 33.54 *** 25.95 *** 26.90 *** 34.30 *** 26.37 ***
(1.116) (1.172) (0.967) (1.129) (1.229) (0.991)

Controls Control Control Control Control Control Control

Year&Ind Yes Yes Yes Yes Yes Yes

Observations 1795 1490 1797 1795 1490 1797

R-squared 0.615 0.656 0.667 0.016 0.055 0.159

Number of scode 125 125 125 125 125 125

Standard errors in parentheses. *** p < 0.01, ** p < 0.05.

4.4. Endogeneity Test

Given the potential bidirectional causality between the Autonomy and Controllability
of green enterprises and carbon trading policies, to address possible endogeneity issues, this
paper employs the following DID-lagged one-period method: Considering that the effect
of carbon trading policies on the Autonomy and Controllability of green enterprises might
have a lag, a lagged one-period explanatory variable is used as an instrumental variable
in the baseline regression model. The results, as presented in Table 5, show significant
changes in the impact of the carbon trading policy on the controllability of suppliers
after introducing the instrumental variable, changing from insignificant to significant. This
suggests a lag in the influence of the carbon trading policy on the controllability of suppliers;
meanwhile, the significance of the carbon trading policy’s impact on the controllability
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over customers and the supply chain remains unchanged, mainly confirming the reliability
of the baseline regression results.

Table 5. Intermediation effect test.

Variables (1)
IV_cus

(2)
IV_sup

(3)
IV_chain

L.DID
−5.622 *** −3.213 ** −4.329 ***

(0.994) (1.278) (0.863)

Constant
26.60 *** 28.52 *** 16.78 ***
(1.081) (2.242) (0.938)

Controls Control Control Control

Year&Ind Yes Yes Yes

Observations 1669 1415 1671

R-squared 0.032 0.031 0.197

Number of scode 125 125 125
Standard errors in parentheses. *** p < 0.01, ** p < 0.05.

4.5. Mechanism Analysis

The above research demonstrates that carbon trading policies significantly promote
the Autonomy and Controllability of green enterprises. To further explore the mechanisms
through which carbon trading policies impact the Autonomy and Controllability of green
enterprises, based on the theoretical analysis provided earlier, this study will discuss
two pathways: “Carbon Trading Policy → Green ambidextrous innovation → Autonomy
and Controllability of Green Enterprises” and “Green Exploratory Innovation → Green
Exploitative Innovation”. Considering that the evaluation criteria for green supply chain
enterprises and green factories were introduced in 2017 and 2018, respectively, and the
sample period spans from 2008 to 2022, uncertainty arises concerning the year fixed effects.
Therefore, adjustments have been made to employ a fixed individual and random year
model to test the mediating effects. The regression results are presented in Table 6.

Table 6. Estimated results of mechanism test.

Variables (1)
inno_ex

(2)
inno_ap

(3)
cen_con

(4)
cen_sup

(5)
cen_chain

inno_ap −0.0795 *** 0.0140 −0.0115
(0.0170) (0.0181) (0.0162)

inno_ex
0.273 *** 0.0450 *** −0.0132 * 0.0236 ***
(0.00740) (0.00700) (0.00758) (0.00666)

DID
15.19 *** 6.366 *** −2.030 ** −1.897 * 3.290 ***
(3.787) (1.171) (0.828) (1.019) (0.788)

Controls Control Control Control Control Control

Constant
11.01 *** 2.307 *** 28.71 *** 27.93 *** 24.59 ***
(1.230) (0.387) (0.277) (0.343) (0.264)

Year&Ind Yes Yes Yes Yes Yes

Observations 1856 1856 1795 1490 1797

R-squared 0.409 0.456 0.429 0.405 0.422

Number of scode 125 125 125 125 125
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
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1. To test the “Carbon Trading Policy → Green Exploratory Innovation” mechanism, as
shown in Column (1) of Table 6, the results indicate that the regression coefficient is
15.19, and it is significant at the 1% confidence interval, suggesting that the carbon
trading policy is significantly positively correlated with the level of green exploratory
innovation within enterprises. The results confirm the “Carbon Trading Policy →
Green Exploratory Innovation “ mechanism and support Hypothesis H2. This conclu-
sion is consistent with the research of Borghesi, S et al. [4,5], but this paper expands
the detailed research on the effect of carbon trading policy on green innovation; that
is, in influencing the innovation process of green enterprises, carbon trading policy
will first have a significant positive effect on green exploratory innovation, which lays
the foundation for the mechanism analysis in the following text.

2. To test the “Green Exploratory Innovation → Green Exploitative Innovation” mech-
anism, as shown in Column (2) of Table 7, the results indicate that the regression
coefficient is 0.273, and it is significant at the 1% confidence interval, demonstrating
that green exploratory innovation is significantly positively correlated with green
exploitative innovation. The results confirm the “Green Exploratory Innovation →
Green Exploitative Innovation” mechanism and support Hypothesis H3. This conclu-
sion is consistent with the research of Cao, Q et al. [15,16], but this paper finds that
green exploratory innovation and green application innovation in Green ambidex-
trous innovation not only have a combination and competition relationship, but also
a sequential mechanism between the two; that is, green exploratory innovation can
effectively improve the level of green application innovation.

Table 7. Estimation results of robustness test.

Variables (1)
East

(2)
West

(3)
Mid

(4)
East

(5)
West

(6)
Mid

(7)
East

(8)
West

(9)
Mid

DID
−2.878 *** −7.636 ** −2.555 −0.0253 2.196 1.891 −0.950 −6.112 ** −2.498

(1.750) (4.066) (3.019) (1.813) (3.550) (3.122) (1.506) (3.518) (2.671)

Controls Control Control Control Control Control Control Control Control Control

Constant
27.78 *** 27.93 *** 24.15 *** 34.47 *** 32.95 *** 31.63 *** 26.99 *** 24.48 *** 23.43 ***
(1.404) (3.145) (2.309) (1.505) (2.840) (2.494) (1.209) (2.722) (2.043)

Year&Ind Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 1221 187 387 1031 146 313 1223 187 387

R-squared 0.712 0.792 0.756 0.763 0.741 0.766 0.871 0.740 0.793

Number of scode 86 13 28 86 13 28 86 13 28

Standard errors in parentheses. *** p < 0.01, ** p < 0.05.

3. To test the “Green ambidextrous innovation → Autonomy and Controllability of
Green Enterprises Over Customers” mechanism, as shown in Column (3) of Table 7,
the results indicate that the regression coefficient is −0.0795, and it is significant at the
1% confidence interval, indicating that Green ambidextrous innovation is significantly
positively correlated with the controllability of green enterprises over customers. The
results confirm the “Green ambidextrous innovation → Autonomy and Controllability
of Green Enterprises Over Customers” mechanism and support Hypothesis H4a.
This conclusion is consistent with the research of Hua Zhibing et al. [21], but this
paper not only finds the impact of Green ambidextrous innovation on customer
concentration, but also proves the impact of Green ambidextrous innovation on the
controllability of green enterprise customers, broadening the impact path of Green
ambidextrous innovation.

4. To test the “Green ambidextrous innovation → Autonomy and Controllability of
Green Enterprises Over Suppliers” mechanism, as shown in Column (4) of Table 7,
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the results indicate that the regression coefficient is 0.012, and it is not significant at
the 10% confidence interval, suggesting that the influence of Green ambidextrous
innovation on the controllability of green enterprises over suppliers is not significant.
The results indicate that the “Green ambidextrous innovation → Autonomy and
Controllability of Green Enterprises Over Suppliers” mechanism does not hold. This
conclusion is consistent with the research of Yuan Zeming et al. [49]; that is, the results
of this paper once again verify that the impact of Green ambidextrous innovation on
the controllability of green enterprise suppliers is not obvious. The reason may lie
in the current disconnection within the green enterprises during the Ambidextrous
Innovation process, where endogenous innovation is generally confined to enhancing
the Autonomy and Controllability within the green enterprise itself, with the external
spillover effects on other segments of the green supply chain remaining unclear,
resulting in poor overall supply chain linkage effects.

5. To test the “Green ambidextrous innovation → Autonomy and Controllability of
Green Enterprises Over the Supply Chain” mechanism, as shown in Column (5) of
Table 7, the results indicate that the regression coefficient is −0.0115, and it is not
significant at the 10% confidence interval, suggesting that the impact of Green am-
bidextrous innovation on the controllability of the supply chain for green enterprises
is not significant. The results confirm that the “Green ambidextrous innovation → Au-
tonomy and Controllability of Green Enterprises Over the Supply Chain” mechanism
does not hold. The reason could be attributed to the lag in the cycle of research and
development of applied technologies by green enterprises. Therefore, the enhance-
ment of overall supply chain controllability appears to be inconsequential, akin to the
influence of Green ambidextrous innovation on suppliers’ controllability. Green enter-
prises’ Green ambidextrous innovation may predominantly depend on exogenous
technological inputs rather than on indigenous research and development initiatives.

4.6. Further Analysis: Heterogeneity Test

Considering the significant differences in industrial structure development across
eastern, central, and western China, the impact of carbon trading policies on the Autonomy
and Controllability of green enterprises may vary regionally. Additionally, given the distinct
operational models of green enterprises, carbon trading policies could have varying effects
on their Autonomy and Controllability. On this basis, this study conducts further analysis
from two perspectives: regional heterogeneity and firm heterogeneity.

4.6.1. Regional Heterogeneity

Due to the disparities in industrial structures and the varying degrees of energy
dependence among enterprises in different regions of China, the impact of carbon trading
policies on the Autonomy and Controllability of green enterprises is more pronounced
in the western region. Therefore, this study divides the sample into eastern, central,
and western regions for heterogeneity testing. The results of the regional heterogeneity
regression are presented in Table 7.

For the eastern region of China, the regression results presented in columns (1), (4),
and (7) of Table 7 reveal that the impact coefficients of carbon trading policies on the
controllability of customers, suppliers, and the supply chain for green enterprises are
−2.878, −0.0253, and −0.950, respectively. The impact coefficient on the controllability of
customers is statistically significant at the 1% confidence level, whereas the coefficients
about suppliers and the supply chain do not reach significance at the 10% confidence
level. This suggests that in the eastern region, the carbon trading policy significantly
enhances the controllability of green enterprises over customers, but it does not have a
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notable effect on improving the controllability of suppliers and the supply chain. This
may be due to the diversified industrial structure of green enterprises in the eastern
region, where the overall supply chain presents a loose network structure. Upstream
suppliers, midstream green enterprises, and downstream consumers all have multiple
options, resulting in relatively lower bargaining power for green enterprises that link the
upstream and downstream sectors.

For the central region of China, the regression results shown in columns (3), (6), and
(9) of Table 7 indicate that the coefficients of the impact of carbon trading policies on
the controllability over customers, suppliers, and the supply chain of green enterprises
are −2.555, 1.891, and −2.498, respectively, and are not significant at the 10% confidence
interval. This suggests that in the central region, the impact of carbon trading policies
on the Autonomy and Controllability of green enterprises is not significant. This may be
attributed to the fact that green enterprises in the central region are primarily engaged
in communications, agricultural spare parts, and other basic processing sectors, where
the overall industrial structure is relatively underdeveloped and characterized by labor-
intensive features. Labor-intensive enterprises have a lower dependency on energy and
utilize it less intensively compared to other types of enterprises. Furthermore, primary
processing enterprises have a relatively concentrated consumer base, lacking significant
diversification. A high concentration of customers is unfavorable for enhancing green
enterprises’ controllability over customers. Therefore, the correlation between carbon
trading policies and the Autonomy and Controllability of green enterprises is not prominent
in this region.

For the western region of China, the regression results shown in columns (2), (5),
and (8) of Table 8 indicate that the coefficients of the impact of carbon trading policies on
the controllability over customers, suppliers, and the supply chain of green enterprises
are −7.636, 2.196, and −6.112, respectively. Notably, the effects of the carbon trading
policy on the controllability over customers and the supply chain are significant within the
1% to 5% confidence intervals, whereas the impact on the controllability over suppliers
is not significant at the 10% confidence interval. This suggests that the carbon trading
policy significantly enhances the controllability over customers and the supply chain for
green enterprises in the Western region, but its impact on supplier controllability is not
significant. This could be because green enterprises in the western region primarily consist
of firms involved in automobile manufacturing or supplying automotive parts. Such green
enterprises belong to industries with high energy consumption and carbon emissions. The
carbon trading policy increases the cost of carbon emissions for green enterprises, thereby
compelling them to engage in green innovations to improve energy efficiency and adjust
product structures. This reduces reliance on a single consumer group and enhances the
bargaining power of green enterprises within the supply chain. Thus, the carbon trading
policy significantly improves the controllability over customers and the supply chain for
green enterprises. On the other hand, green enterprises involved in producing automobiles
or automotive parts typically have relatively stable demands for raw materials. Increases
in raw material prices have little impact on the decisions of green enterprises regarding
upstream supplier selection. The cooperation between green enterprises in the western
region and their suppliers is relatively stable, and changes in energy policies do not affect
the existing supply systems of these western green enterprises. Therefore, the effect of the
carbon trading policy on enhancing the controllability over suppliers for green enterprises
is not significant.
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Table 8. Estimation results of robustness test.

Variables (1)
green

(2)
green_chain

(3)
green

(4)
green_chain

(5)
green

(6)
green_chain

DID
−7.366 *** −2.185 −13.11 *** 4.027 −10.24 *** 0.923

(2.748) (4.467) (2.970) (4.910) (2.150) (3.683)

Controls Control Control Control Control Control Control

Year&Ind Yes Yes Yes Yes Yes Yes

Constant
29.21 *** 39.76 *** 36.02 *** 29.39 *** 32.62 *** 34.57 ***
(2.388) (3.766) (2.580) (4.139) (1.868) (3.104)

Observations 267 79 267 79 267 79

R-squared 0.199 0.284 0.254 0.126 0.270 0.191

Number of scode 24 7 24 7 24 7
Standard errors in parentheses. *** p < 0.01.

4.6.2. Firm Heterogeneity Test

Considering that green supply chain enterprises and green factory enterprises face
different requirements for supply chain development due to differences in target consumer
groups and market positioning, the impact of carbon trading policies is more significant on
the controllability of green factories. Therefore, this study further divides the sample into
green supply chain enterprises and green factories for subgroup regression, with results
presented in Table 8.

For green supply chain enterprises, the regression results shown in columns (1), (3),
and (5) of Table 8 indicate that the coefficients of the impact of carbon trading policies on
the controllability of customers, suppliers, and the supply chain are −2.185, 4.027, and
0.923, respectively, and are not significant at the 10% confidence interval. This suggests that
the carbon trading policy does not significantly enhance the Autonomy and Controllability
of green supply chain enterprises. The reason may primarily lie in the overall orientation
and interconnectivity of the market for green supply chain enterprises. These enterprises
focus on green business activities centered around logistics distribution and product inte-
gration, promoting coordinated development of the economy, society, and environment
through pollution reduction and emission control measures. Generally adopting a flexible
management approach with light-asset operations, green enterprises are characterized by
flexibility, speed, and timeliness. Therefore, the impact of carbon trading policies on the
Autonomy and Controllability of such enterprises is not substantial, making green supply
chain enterprises less sensitive to changes in energy policies such as carbon trading.

For green factories, the regression results shown in columns (2), (4), and (6) of Table 8
indicate that the coefficients of the impact of carbon trading policies on the controllability
of customers, suppliers, and the supply chain are −7.366, −13.11, and −10.24, respectively,
and are significant at the 10% confidence interval. This indicates that carbon trading policies
significantly enhance the Autonomy and Controllability of green factories. The reason may
be that green factories focus on product-oriented operations, playing a primary role in
resource conservation, environmental protection, and efficient energy use. The implementa-
tion of carbon trading policies curtails the freedom of carbon emissions from the productive
activities of green factories. These factories make swift decisions by comparing the costs of
carbon trading with the expenses of switching energy sources. Compared to other types
of factories, these decisions are more flexible and less dependent on traditional energy
sources. Additionally, these enterprises can continually adjust their energy structures to
optimize product configurations, diversify product offerings, expand sales channels, and
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enhance service efficiency, thereby increasing the green factory’s controllability over its
supply chain.

5. Conclusions and Discussion
The carbon trading policy is an essential tool for enhancing green enterprises and

bolstering the sustainable development capacity of the global green industry. This study,
based on data from green enterprises listed on the Shanghai and Shenzhen stock exchanges
during 2008–2022, investigated the overall effect of China’s carbon trading policy on the
Autonomy and Controllability of green enterprises, and its heterogeneous effects, and
explored the internal mechanisms at play. The main conclusions are as follows: First,
the carbon trading policy significantly enhances the Autonomy and Controllability of
green enterprises. This finding remains valid after a series of robustness checks, including
tests for endogeneity, removing outliers, and changing sample periods. However, the
impact of the carbon trading policy on the controllability of suppliers is not evident.
Second, the carbon trading policy significantly improves green exploratory innovation in
green enterprises. Furthermore, there is a transmission effect within Green ambidextrous
innovation; an enhancement in green exploratory innovation capabilities significantly
boosts green exploitative innovation abilities. Third, Green ambidextrous innovation
enhances the controllability of green enterprises over their customers. However, its effects
on the controllability of suppliers and the supply chain are not significant and exhibit
a certain degree of lag. Fourth, the impact of carbon trading policies on improving the
Autonomy and Controllability of green enterprises demonstrates apparent heterogeneity.
Regional heterogeneity results indicate that the carbon trading policy does not significantly
enhance the Autonomy and Controllability of green enterprises in Eastern and Central
China but has a significant effect in western China. Firm heterogeneity analysis indicates
that the carbon trading policy significantly enhances the Autonomy and Controllability of
green factories, while its impact on green supply chain enterprises remains negligible.

Based on these conclusions, this study offers the following four recommendations:

1. To advance carbon trading policies, it is essential to enhance both policy frameworks
and market mechanisms. From a governmental standpoint, incentives such as tax
breaks, fiscal subsidies, or reductions in loan interest rates should be allocated to
enterprises that achieve significant emission reductions. This approach alleviates
the economic burden associated with green transformation and propels the external
shift towards sustainable business practices. In refining the carbon trading market
mechanism, a gradual transition from free allocation to paid allocation of carbon
quotas is recommended. This shift ensures that carbon price signals accurately mirror
the market’s supply and demand dynamics, thereby facilitating a fair distribution of
carbon emission rights, fostering green technological innovation within enterprises,
and reinforcing the Autonomy and Controllability of green businesses.

2. The ambidextrous innovation capabilities of green enterprises must be fortified along-
side the enhancement of their Autonomy and Controllability. Comprehensive innova-
tion systems should be established, professional talent teams cultivated, and cross-
departmental collaboration mechanisms developed to achieve seamless integration of
resources, technology, and outcomes. Concurrently, governments are encouraged to
establish innovation funds aimed at promoting collaborative innovation throughout
the green supply chain. Such funds reduce trial-and-error costs for green enterprises,
expand the application scenarios for green technologies, and facilitate the conversion
of green technologies from tacit knowledge into explicit performance. These mea-
sures collectively support the dual objectives of innovation and controllability within
green enterprises.
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3. A clear pathway must be established to translate Green ambidextrous innovation into
Autonomy and Controllability for green enterprises. Optimization and upgrading of
innovation systems, tailored to specific enterprise needs, should accelerate the efficient
integration of government, industry, academia, and research sectors. Emphasis should
be placed on the role of Green ambidextrous innovation within supply chains, en-
hancing information exchange and sharing across various upstream and downstream
segments. Focus areas include the learning, absorption, and application of innovative
resources and outcomes within the supply chain. By fostering a closed-loop Green
ambidextrous innovation ecosystem across the entire supply chain, green enterprises
can reinforce their leadership roles within this ecosystem.

4. To promote a fair distribution of carbon emission rights and stimulate green tech-
nological innovation, the carbon trading market mechanism should undergo con-
tinuous improvement. Governments should increase green financial support and
social investment in enterprises in western China, leveraging the region’s rich energy
resources and dense energy industries. Priority should be given to green innovation
and transformation in clean and sustainable energy, aiming to create an integrated
“production–transportation–storage–usage” energy supply chain system. In terms of
green enterprise types, policymakers should consider prioritizing the development
of upstream green energy production enterprises, such as green factories and hydro
or wind power plants, to achieve Autonomy and Controllability on the green energy
supply side.

This article has mainly expanded from three aspects. Firstly, based on theories such as
the five forces model, we endeavor to construct a quantitative index of green enterprises’
Autonomy and Controllability. Secondly, the double difference model was used to quanti-
tatively evaluate the impact of carbon trading policy on green enterprises’ Autonomy and
Controllability and its mechanism analysis. Thirdly, robustness tests were conducted using
methods such as placebo test, PSM-DID, elimination of outliers, and replacement of the
sample interval, which increases the reliability of the results. Compared with the existing
literature, the theoretical contributions, innovation, and application nature of this article
are as follows: Firstly, from the supply chain perspective, we found that the Autonomy and
Controllability of green enterprises can be enhanced through two pathways, improving
their advantageous bargaining position (controllability) in the supply chain and reducing
their dependence on external technologies and products (Autonomy). Simultaneously, the
Autonomy and Controllability of green enterprises are quantified from the perspectives of
customers, suppliers, and the supply chain, thereby enriching the research on the Auton-
omy and Controllability of micro-economic entities. Secondly, this study fully explores the
internal chain influence mechanism of Green ambidextrous innovation; that is, green ex-
ploratory innovation can enhance the level of green exploitative innovation, which provides
a theoretical basis for achieving the “two-step” approach of green ambidextrous innovation.
Thirdly, this article enriches the research on the impact of carbon emission trading policies
on the Autonomy and Controllability of green enterprises and expands the path to enhance
the Autonomy and Controllability of microeconomic entities. At the same time, it also
provides case references and guidance for achieving sustainable development of global
green industries and promoting carbon trading policies on a global scale. Nevertheless,
this research has its limitations, primarily due to the restricted availability of data from
listed companies, which did not allow for detailed segmentation of green enterprises, such
as those engaged in green design products or green industrial parks. Therefore, Future
studies should further subdivide green enterprises and explore the heterogeneous effects
of carbon trading policies on the Autonomy and Controllability of green enterprises, thus
enriching and completing the existing results.
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