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This study utilizes Emissions Trading System (ETS) in China as a quasi-natural experiment,

using the data of A-share listed companies during 2009–2018 and the difference-in-

differences (DID) method, to examine the impact of ETS on corporate green strategic

behaviors. Our findings indicate that the implementation of the ETS can significantly reshape

corporate green strategic behaviors, which is reflected in promoting pilot firms to carry out

both internal carbon reduction innovation activities and external green merger & acquisition

(M&A). Besides, heterogeneous factors, including ETS design features, firm-specific char-

acteristics, and industry attributes, exert differential impacts on firms’ green strategic

behaviors. Further analysis confirms that internal innovation and external M&A are

complementary.
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Introduction

G lobal environment caused by greenhouse gas (GHG)
emissions has become an urgent challenge restricting the
world’s sustainable development. It exerts far-reaching

impacts on ecological balance, economic stability, and social well-
being. Against this backdrop, traditional command-and-control
environmental regulations struggle to balance the conflict
between “rigidity in emission reduction” and “flexibility in eco-
nomic development” (Bai et al., 2024). However, the market-
based environmental regulatory tool, Emissions Trading Scheme
(ETS), internalize environmental externalities through ‘carbon
pricing’. The ETS builds a synergistic bridge between economic
growth and environmental protection, and provide a market-
oriented solution that combines flexibility and restraint to achieve
the dual goals of economic and environmental benefits (Christian
and Frank, 2023). For this reason, systematically exploring the
policy effects of ETS has become a core issue of common con-
cerns to policymakers and academics.

Unlike developed economies such as Europe and the United
States, China—as the world’s largest carbon emitter and a major
emerging economy—faces a more prominent growth-emission
reduction conflict (Yu et al., 2023). Specifically, China’s
manufacturing-dominated industrial structure, its energy con-
sumption structure overly reliant on fossil fuels, and practical
constraints, indicating that China must address dual pressures
within ensuring economic growth and strengthening environ-
mental governance for advancing carbon market development.
This provides an unique research setting to test whether market-
based environmental policies can drive green transformation
strategies in emerging markets. More importantly, China’s ETS
adopts a phased promotion model of “pilot first, then national
implementation”, creating a plausibly quasi-natural experiment
that makes rigorous causal identification. This advantage not only
enhances the reliability of research conclusions but also offers new
insights for other developing countries facing the “growth-emission
reduction balance” dilemma to optimize their ETS designs.

Given that ETS pilot policies in emerging economies were
implemented relatively late, previous studies on the effects of ETS
have mostly focused on developed economies. The conclusions of
these studies largely rely on mature regulatory systems and
effective high-carbon-price signaling mechanisms (Antoine et al.,
2023; Colmer et al., 2024). However, due to significant differences
in market mechanisms, technological systems, and environmental
regulatory capabilities, China’s carbon price remains relatively
low, with a smaller market scale and weaker market efficiency
(Fan and Todorova, 2017; Ren and Lo, 2017). This suggests that
carbon market experiences from developed economies cannot be
directly applied to China and other developing countries. In
comparison, studies on ETS in developing countries mainly focus
on macro-level emission reduction effects (Zhang et al., 2021;
Feng et al., 2024a; Lu et al., 2024a). Micro-level studies have
explored the policy’s impacts on corporate green innovation,
investment efficiency, capacity utilization, sustainable develop-
ment performance, and competitiveness (Hu et al., 2023a; Wang
et al., 2023; Wang and Zhang, 2024; Zhang and Xi, 2024; Wang
and Li, 2024). Yet few studies have systematically examined how
the ETS reshapes firm’s green strategic behaviors from the dual
perspectives of “internal independent innovation” and “external
merger & acquisition (M&A)”, ignoring the potential trade-offs
between these two aspects.

On the one hand, Porter Hypothesis depicts that well-designed
and strict environmental regulations can drive enterprises to
improve innovation investment. Through technological progress,
enterprises may reduce emission reduction costs and ultimately
achieve a “win-win” of environmental and economic benefits
(Zhu et al., 2019; Qi et al., 2021; Hu et al., 2023a). On the other

hand, institutional theory argues that under pressure from
external environmental regulations, enterprises should actively
seek ways to meet legitimacy requirements (Hoffman, 1997).
Since internal innovation itself is characterized by high costs, long
R&D cycles, and high uncertainty in outcomes, enterprises may—
under the pressure of rising carbon costs brought by ETS—
acquire target enterprises to obtain mature pollution control
technologies, green projects, or carbon allowances. This helps
them quickly achieve emission reduction targets and meet policy
compliance requirements (Li et al., 2020; Zhang et al., 2024).

Then, how does the ETS affect corporate internal innovation
and external green M&A? Furthermore, China’s ETS shows sig-
nificant differences across pilot regions in terms of policy guar-
antee systems, offset ratio and carbon price. Under such
differentiated institutional designs, systematically exploring how
regional differences in ETS design reshape the green strategic
behaviors of different enterprises holds important theoretical
basis and practical value. Based on this, this paper examines how
China’s ETS affects corporate green strategic behaviors from the
dual perspectives of “internal innovation” and “external green
M&A”, providing direct evidence for evaluating the micro-level
policy effects of ETS.

Therefore, this study takes China’s ETS as a quasi-natural
experiment by the DID method, and selects A-share listed com-
panies from industries included in ETS pilot programs during
2009–2018 as the research sample to empirically test the impact
of the ETS on corporate green strategic behaviors. The results
indicate that the implementation of the ETS has reshaped
enterprises’ green strategic behaviors: on the one hand, the policy
effectively promotes pilot enterprises to carry out carbon reduc-
tion innovation activities, and this promotional effect is more
prominent in carbon reduction invention patents; on the other
hand, the policy also encourages pilot enterprises to conduct
green M&A. To verify the robustness of the conclusions, this
study conducts a series of robustness tests, including parallel
trend test, placebo test, forward-shifting dependent variable,
redefinition of treatment and control groups, matching method
replacement, and model replacement, generally confirming the
reliability of our conclusions. Meanwhile, heterogeneous factors
exert differential impacts on enterprises’ green strategic beha-
viors: these factors include ETS design features (such as the
completeness of policy guarantees, differences in offset ratio, and
carbon trading price fluctuations), firm-specific characteristics
(such as executives’ environmental background, green interlock-
ing director networks, and green investor shareholding), and
industry attributes (such as industry type). Extended research
confirms that a significant complementary relationship between
internal independent innovation and external M&A, and the ETS
effectively reduces CO₂ emissions in pilot regions.

The contributions of our research are reflected in the following
aspects: Firstly, this paper more accurately measures carbon
reduction patents. To align with the carbon emission reduction
goal of the ETS, this study constructs a more policy-matched
indicator for carbon reduction patents by screening patents
whose abstracts contain keywords1. At the same time, this paper
further classifies carbon reduction patents into carbon reduction
invention patents, carbon reduction utility model patents, and
carbon reduction design patents. This not only avoids the
ambiguity of general green patents used in previous studies but
also more accurately captures the adaptability of different types of
carbon reduction patents to the policy goals of the ETS.

Secondly, this study expands the research perspective on the
policy effects of the ETS and enriches the literature on the
interaction between environmental regulations and micro-level
green strategic behaviors. Previous studies mostly focused on
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either “internal innovation” or “external M&A” alone, making it
difficult to fully explain green strategic responses. This study
breaks this limitation by systematically examining the influencing
mechanisms of the ETS on enterprises from the dual perspectives
of internal innovation and external green M&A. It confirms the
applicability of the Porter Hypothesis in China’s carbon reg-
ulatory context, and also provides new insight for the compliance
hypothesis. Overall, these two critical roles offer more compre-
hensive micro-level evidence for comprehensive understanding
diversified green strategic choices under environmental regulatory
pressure.

Finally, our exploration deepens the research on the hetero-
geneous impacts of ETS. Prior studies have paid little attention to
the heterogeneous impacts of the ETS on different enterprises
(Linghu et al., 2022). Instead of treating the ETS as a homo-
geneous policy tool, this study explores in depth how regional
differences in its institutional design exert differential impacts on
the green strategic behaviors of different enterprises. This cor-
roboration provides factual basis for clarifying how market-based
environmental regulatory tools transmit to micro-entity beha-
viors through institutional design differences; and offers guidance
for optimizing subsequent ETS design and promoting corporate
green transition.

The remaining parts are structured as follows: Section “Insti-
tutional background” sorts out the institutional background.
Section “Theoretical analysis and hypothesis” proposes theoretical
hypotheses. Section “Research design” introduces the research
design. Section “Empirical result and analysis” presents and
analyzes the empirical results. Section “Further Analysis” con-
ducts further analysis. Conclusions and implications are depicted
in Section “Conclusion”. Last but not least, we also draw the Fig. 1
to present the main conclusions.

Institutional background
In recent years, China has actively advanced practical explora-
tions, such as reducing energy intensity and controlling total
carbon emissions, to build a nationwide low-carbon governance
system. In October 2011, the National Development and Reform
Commission (NDRC) issued the Notice on Launching Emissions
Trading Pilot Work, officially approving seven provinces and
cities—Beijing, Tianjin, Shanghai, Chongqing, Guangdong,
Hubei, and Shenzhen—to launch emissions trading pilot pro-
grams. Subsequently, these regions rapidly advanced supporting
work for carbon trading, and focused on building institutional
frameworks, successively issuing special rules covering allowance
management and data verification. Besides, related regions

strengthened basic capacity: completing the construction of car-
bon emission registration systems, fostering third-party verifica-
tion institutions, and implementing supervision mechanisms.
Through a practice-while-improving model, they gradually
streamlined the emissions trading process. Starting from June
2013, the carbon trading markets in the seven regions were
successively launched, marking the official entry of the market-
based carbon pricing mechanism into the pilot operation phase.

As the core market tool for China to address climate change,
the ETS realizes market-based regulation of carbon emissions
through a dual mechanism of “setting a total carbon emission
allowance + allowing cross-entity circulation of allowances”. Its
core goal is to promote carbon emission reduction at the lowest
economic cost. With the deepening of the pilot process, the
carbon markets in the seven regions have all formed rule systems
adapted to their own operation rhythms, with trading activity and
allowance transaction volume showing an upward trend. How-
ever, it should be noted that due to differences in regional
industrial structure, policy orientation, and supervision capacity,
the pilot regions exhibit significant heterogeneity in institutional
design—specifically in key dimensions such as the completeness
of policy guarantee systems, offset ratio, and carbon price fluc-
tuation ranges. Against this institutional background, this study
focuses on analyzing the core differential dimensions of carbon
trading system design, aiming to provide efficient supports for
systematically evaluating the micro-level policy effects and
macro-level emission reduction value of ETS.

Policy guarantee system. A sound and efficient policy guarantee
system is the fundamental support for the effective operation of
market-based carbon emission reduction mechanisms (Yi et al.,
2018). The policy guarantee system includes two core dimensions:
policy supervision and enforcement, and liability constraints. The
pilot regions show significant differences in both aspects.

Policy supervision and enforcement. All carbon trading pilots have
introduced a third-party verification institution system to ensure
the objectivity and independence of CO₂ emission verification.
However, the access standards for verification institutions and
verifiers vary across pilots. Specifically, Beijing, Shanghai, and
Shenzhen have stricter qualification review for verification insti-
tutions: they not only set clear requirements for hardware con-
ditions such as registered address, operation period, registered
capital scale, and fixed office space, but also put forward specific
demands for software capabilities including the institution’s work
experience and internal quality control mechanisms.

Fig. 1 Graphical illustration of conclusions. The figure visually summarizes the core conclusions derived from empirical analysis, presenting the key logical
relationships and research findings in a intuitive manner.
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In particular, Shenzhen further requires third-party verification
institutions to establish risk response funds or purchase
corresponding liability insurance, strengthening risk prevention
and control in the verification process. These three regions also
have refined standards for verifier qualification management,
with detailed regulations on nationality, age range, education
level, professional title, work experience, full-time requirements,
professional qualification examination certification, and personal
credit. In contrast, other pilot regions have not yet formed unified
and clear provisions, resulting in relatively loose supervision. This
difference can be attributed to three key factors. First, as China’s
most economically dynamic and reform-oriented cities, Beijing,
Shanghai, and Shenzhen bear the core mission of “exploring
replicable experience and setting a national model” in the ETS
pilots. This fundamental positioning compels them to ensure the
objectivity and credibility of verification results through strict
qualification review, providing a feasible and promotable model
for the construction of the national carbon market. Second, their
diverse economic structures and enterprise types lead to higher
differentiation in enterprises’ verification needs—stricter qualifi-
cation standards help match verification institutions/verifiers with
industry-specific requirements. Third, the frequent activities of
carbon trading and the wide impacts of price signal in these three
regions require stricter qualification and personnel management
to ensure the quality of emission data from the source, avoid
market risks caused by verification loopholes, and maintain the
fairness and price effectiveness of the carbon market.

Liability constraint system. Lin and Jia (2019) further pointed out
that appropriate fines help strengthen the implementation effect
of the ETS and enhance enterprises’ awareness of compliance.
From the design of liability constraint systems across pilots,
administrative penalties mainly include time-limited rectification
and fines. Measures such as social credit punishment, incentive-
compatible constraints, and linkage with assessment systems have
also been gradually introduced, forming a multi-dimensional
liability constraint system. Specifically, Chongqing and Tianjin
have not included fines in their administrative penalties. Instead,
they only adopt measures linked to incentive policies, such as
revoking enterprises’ preferential qualifications and suspending
relevant subsidies, resulting in relatively moderate overall inten-
sity. Other pilot regions have designed stricter liability constraint
systems.

Notably, Tianjin has a large number of traditional heavy
industry enterprises, which occupy an important position in the
economic structure and contribute significantly to employment
and economic growth—while also being major carbon emitters.
Strict penalty measures (such as high fines) may severely impact
enterprises’ cash flows, even affecting their normal operations,
and thus have negative impacts on local economy and employ-
ment. Chongqing has a large number of small and medium-sized
enterprises (SMEs) in its industrial structure. SMEs have
relatively limited resources and capabilities to meet carbon
emission compliance requirements; overly strict fines may be
unaffordable for them, even leading to the closure of some
enterprises. Therefore, the two regions adopt relatively moderate
penalty methods to provide enterprises with a buffer period,
guiding them to gradually adapt to the ETS while ensuring the
stable development of enterprises and promoting emission
reduction.

Carbon offset ratio. China Certified Emission Reductions
(CCER) refer to carbon emission reductions voluntarily under-
taken by domestic enterprises, based on their circumstances and
capabilities, which are then verified. These reductions mainly

come from renewable energy projects, including wind power,
photovoltaic power, hydropower, and biomass power generation.
The trading systems of all pilot regions accept CCERs issued by
the National Development and Reform Commission (NDRC) as a
legitimate offset mechanism. This allows regulated enterprises to
use a certain number of CCERs to offset part of their emissions
when fulfilling their quota compliance obligations. Given that an
appropriate offset ratio can promote enterprises’ efforts to
innovate, Beijing and Shanghai have set the offset ratio at no
more than 5% of the annual quota or emissions. In Chongqing,
the limit is 8%, while Guangdong, Tianjin, Hubei, and Shenzhen
have set a cap of 10%.

Carbon trading price. Carbon trading price is the core hub for
the effective operation of the ETS, directly affecting the regulatory
efficiency of market-based carbon emission reduction tools
(Convery and Redmond, 2007). From the pricing logic, carbon
trading price is essentially a market equilibrium price, mainly
determined by the supply and demand relationship between
buyers and sellers of emission rights. As a key signal, the level of
carbon trading price directly affects the release of carbon market
policy effects. If the carbon price is at a relatively high level, it will
effectively stimulate the trading willingness of allowance buyers
and sellers, promote free transactions among market entities,
enhance the policy effect of the ETS, and drive pilot enterprises to
adopt green strategic behaviors to achieve energy conservation
and emission reduction goals.

Conversely, if the carbon price remains low for a long time, it
will not only fail to reflect the scarcity of emission rights but also
weaken enterprises’ emission reduction incentives. In the early
stage of China’s carbon market construction, the pilot first model
was adopted. During this period, the carbon trading platforms in
various areas operated independently, and a unified national
pricing mechanism had not yet been formed—leading to
significant regional carbon price differentiation (Shan et al.,
2016). In terms of average carbon trading price, Beijing, Shanghai,
and Shenzhen were relatively higher than other pilot provinces
and cities2. The core reason for this difference is that the carbon
markets in these three regions have higher marketization levels
and stronger independent trading willingness of market entities.
Additionally, the strict control of total allowances in these regions
highlights the scarcity of emission rights3, which further
promotes the increase in trading frequency and allowance
liquidity in their carbon markets—ultimately forming a higher

Fig. 2 Trend of annual average transaction prices in pilot carbon markets.
The figure shows the trend of annual average carbon trading prices in each
pilot region.
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carbon price level that better reflects the value of carbon
resources.

Based on the differences in the design of carbon emission rights
trading systems across different pilots, we have created a table
(Table 1) that summarizes the conditions of various pilot projects
to better clarify these differences.

Theoretical analysis and hypothesis
Impact of the ETS on corporate innovation. The implementa-
tion of the ETS requires pilot firms to purchase allowances for
excess carbon emissions. Meanwhile, carbon price fluctuations
may increase the uncertainty of future costs. Moreover, failing to
meet compliance standards will result in multiple penalties,
including fines, credit rating downgrades, and revocation of
policy preferences. These penalties directly affect firms’ market
reputation and financing capabilities, which intensifies the
operational pressure on pilot firms. Facing this pressure, firms
tend to re-evaluate their existing production models and cost
structures, and explore strategic adjustment paths adapted to
carbon constraints. Porter Hypothesis provides theoretical gui-
dance for firms’ strategic choices. It points out that environmental
regulations are not merely cost burdens, instead, they can sti-
mulate firms’ motivation for low-carbon innovation. Specifically,
pilot firms can transform carbon constraints into a ‘catalyst’ for

low-carbon technology innovation through R&D on low-carbon
technologies and process upgrades (Qi et al., 2021). In terms of
practical benefits, breakthroughs in low-carbon innovation can
reduce the marginal emission reduction cost per unit of output,
and decrease firms’ long-term compliance expenditures that rely
on purchasing external allowances—fundamentally alleviating
carbon cost pressure. Factually, if a firm’s actual carbon emissions
after technological upgrading are lower than the total allowances
approved by the government, the remaining allowances can be
sold on the carbon market. This converts “emission reduction
achievements” into economic benefits, forming a positive “emis-
sion reduction-benefit” cycle and building a sustainable green
development model (Hu et al., 2023a). Therefore, this study
proposes Hypothesis 1.

H1: The ETS promotes pilot firms to carry out carbon
reduction innovation activities.

Impact of ETS on corporate merger & acquisition. Institutional
theory argues that under the pressure of external policy regula-
tions, firms tend to seek rapid and effective emission reduction
paths to meet policy compliance requirements (Hoffman, 1997).
Compared with the gradual emission reduction through internal
innovation, green merger & acquisition (M&A)—as a resource
integration strategy—provide firms with a faster and more direct
way to obtain pollution control technologies and expand market
share in green sectors (Lu et al., 2024b).

By acquiring target firms with mature carbon reduction
technologies, green projects, or low-carbon assets, firms can
obtain key resources for emission reduction in the short term.
This avoids the long cycle, high risk, and uncertainty that may
accompany internal R&D (Hu et al., 2023b). From a cost-benefit
perspective, this immediacy advantage helps firms quickly reduce
total carbon emissions, thereby responding to policy require-
ments promptly and avoiding compliance risks. Besides, the low-
carbon technologies and assets acquired through green M&A can
also form a synergistic effect with firms’ existing businesses,
improving overall carbon management efficiency and even laying
the solid foundation for expanding into green business areas in
the future. Therefore, this study proposes Hypothesis 2.

H2: The ETS encourages pilot firms to conduct green M&A.

Research design
Sample selection and data sources. The official operation of
China’s ETS pilots in seven provinces and cities began in 2013
and 2014, respectively. When determining the research period,

Table 1 Summary of carbon trading pilot projects.

Carbon trading
pilot

Shenzhen Beijing Shanghai Guangdong Tianjin Chongqing Hubei

Start time of
carbon trading pilot

2013.06 2013.11 2013.11 2013.12 2013.12 2014.06 2014.07

Policy supervision
and
implementation

Strict Strict Strict loose loose loose loose

Liability Constraint
System

Strict Strict Strict Strict loose loose Strict

Carbon Emission
Allowance
Allocation

Benchmarking Use method
according to
the industry

Use method
according to
the industry

Use method
according to
the industry

Use method
according to
the industry

Process
oriented mode
of dynamic
adjustment

historical method is used
for basic quotas,
benchmarking method is
used for additional
quotas

Carbon Trading
Price

High High High Low Low Low Low

Fig. 3 Allocation of carbon market quotas for each pilot (2014). The
figure presents the quantity of allowance allocations in each pilot at the
early stage of carbon market establishment (2014).
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this study comprehensively considered two key interfering fac-
tors: (1) The 2008 global financial crisis impacted the macro-
economy and firms’ operational behaviors, which might have
non-policy-driven effects on carbon emission reduction-related
variables. (2) Significant adjustments were made to China’s
accounting standards around 2007. Differences in accounting
standards could reduce the comparability of financial data.

Based on this, this study finally selects 2009–2018 as the
research period (four years before and after the implementation
of the pilot policy). This choice minimizes the interference of
external shocks and data standard differences on the research
conclusions. The initial sample of this study includes firms
covered by the ETS pilots and A-share listed companies in their
respective industries. Industry classification refers to the Guide-
lines for Industry Classification of Listed Companies (2016
Revision) issued by the China Securities Regulatory Commission
(CSRC).

Meanwhile, to ensure sample quality and research reliability,
the initial sample is screened through the following three steps:
(1) Exclude samples of firms in special trading status, including
those under ST, *ST, and PT. This avoids interference from
abnormal financial conditions or unstable operations on the
research results. (2) Exclude samples of firms listed after 2009.
This ensures that all sample firms have complete operational data
and market behavior records at the start of the research period.
(3) Exclude samples with missing data for core research variables
to ensure the completeness of samples for econometric regression
analysis. To further control the potential impact of extreme values
on empirical results, all continuous variables are winsorized to
eliminate estimation biases caused by outliers. Data are obtained
from the Wind Database and the CSMAR Database. Data on
firms’ carbon reduction patent applications and green M&A is
obtained through manual search and collation.

Model specification. This study constructs Model (1) to test the
impact of ETS on firms’ internal innovation. If Hypothesis 1
holds, the regression coefficient (α₁) of the interaction term
Post×Treat is expected to be significantly positive. This would
indicate that the implementation of the ETS encourages pilot
firms to carry out carbon reduction innovation activities. In
Model (1), Treat is a dummy variable: it takes the value of 1 if a
firm is covered by the ETS pilot, and 0 otherwise. Post is a
dummy variable for the implementation of the ETS: it takes the
value of 1 in the year of the ETS implementation and subsequent
years, and 0 in the years before implementation.

Crpai;t=Cripai;t=Cropai;t ¼ α0 þ α1Postt ´Treati þ αkControlsi;t

þΣFirmþ ΣYear þ εi;t

ð1Þ

The dependent variable in Model (1), Crpa is a proxy for
carbon reduction patent applications. It specifically refers to
carbon-related patents, identified by keywords such as “low
carbon, emission reduction, greenhouse, GHG, carbon dioxide,
CO2, ozone, O3, nitrous oxide, N2O, methane, CH₄, LED, large-
unit-replace-small-unit, coal-to-gas conversion, waste heat power
generation”, and others in the patent description. Additionally,
we classify carbon-related patents into carbon reduction inven-
tion patent applications (Cripa) and carbon reduction other
patent applications (Cropa), which include carbon reduction
utility models patents and carbon reduction design patents.

This study also constructs Model (2) to test the impact of ETS on
firms’ external green M&A. If Hypothesis 2 holds, the regression
coefficient (α₁) of the interaction term Post×Treat is expected to be
significantly positive. This would indicate that the implementation

of the ETS promotes pilot firms to conduct green M&A.

Gmai;t ¼ α0 þ α1Postt ´Treati þ αkControlsi;t þ ΣInd þ ΣYear þ εi;t

ð2Þ
The dependent variable in Model (2), Gma is a proxy for

“whether to conduct green M&A”. It specifically refers to M&A
events whose announcement contains keywords such as “envir-
onmental protection, energy conservation, green, low carbon,
carbon neutrality, low energy consumption, emission reduction,
pollution, recycling, renewable, sustainable”. To identify green
M&A, this study conducts a comprehensive analysis of each
M&A event: including the background and purpose of the M&A,
the business scope of the acquiring firm and the target firm, and
the impact of the M&A on the acquiring firm.

In addition, with reference to existing literature and consider-
ing factors such as firms’ financial and governance characteristics,
the following control variables are selected: number of employees
(Employ), debt scale (Debts), return on total assets (Roa), capital
expenditures (Capital), net operating cash flow (Ocf), share-
holding of the largest shareholder (Top1), proportion of
independent directors (Indep), nature of ownership (Soe),
political connections (Pc), and CEO-chairman duality (Dual).
Furthermore, to mitigate the impact of clustering effects on
standard errors, the regression analysis uses robust estimation
and conducts clustering adjustment at the province level. Detailed
definitions of all variables are presented in Table 2.

Selection of matching variables. Factually, it is impossible to
observe the scenario where firms in the treatment group are not
included in the ETS pilots. To further mitigate the omitted variable
issues caused by model specification bias of observable variables,
this study uses the Propensity Score Matching (PSM) method.
Specifically, it adopts radius matching (with a radius of 0.01) to
select samples from non-ETS pilot firms that are most similar to
ETS pilot firms as the control group. By using the control group as
a reference, this study examines the impact of the ETS pilot on
firms’ green strategic behaviors. This approach helps reduce sys-
tematic differences between firms and lowers the estimation bias of
using the difference-in-differences (DID) method alone. Besides, to
satisfy the common support assumption, this study deletes samples
in the non-overlapping region and then conducts a balance test of
matching variables. This further verifies the matching quality and
the validity of empirical results. This study plots a bias graph of
variables for the treatment group and control group before and
after matching (Fig. 4) to present the results more intuitively.

Descriptive statistic. Table 3 presents the descriptive statistics of
the main research variables. The data show that the mean value of
carbon reduction patent applications (Crpa) is 0.3979. After
classifying carbon reduction patents, the mean values of carbon
reduction invention patent applications (Cripa) and carbon
reduction other patent applications (Cropa) are 0.2821 and
0.2033, respectively. These results indicate that there are sig-
nificant cross-sectional differences in the number of carbon
reduction patent applications among different firms. The mean
value of “whether to conduct green M&A” (Gma) is 0.2265. The
mean value of the interaction term (Post×Treat) is 0.0414,
meaning that 4.14% of the samples are covered by the ETS pilot
policy. Other control variables are consistent with those in
existing studies, and thus are not discussed in detail here.

Empirical result and analysis
Empirical test results and analysis
ETS and carbon reduction innovation. Columns (1) to (3) of
Table 4 report the regression results of Model (1). In Column
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(1), where the dependent variable is Crpa, the coefficient of
Post×Treat is 0.0454 and significantly positive at the 10% level.
This indicates that the ETS has a positive incentive effect on
corporate carbon reduction innovation. According to the Patent
Law, patents are classified into three types: invention patents,
utility model patents, and design patents. Among them,

invention patents have the highest depth of technological
innovation and originality, and contribute more significantly to
enhancing firms’ core competitiveness and creating value. In
contrast, utility model and design patents focus more on
improving technology application or optimizing product form,
with a relatively lower innovation level. To further analyze the
ETS’s impact on the quality of carbon reduction innovation,
this study tests carbon reduction patents by type: Column (2)
uses Cripa as the dependent variable. The coefficient of
Post×Treat is 0.0661 and significantly positive at the 1% level.
This shows that the ETS has a more obvious incentive effect on
firms’ high-quality carbon reduction innovation. Column (3)
takes Cropa as the dependent variable. The coefficient of
Post×Treat fails to pass the statistical significance test, indicat-
ing that the ETS has no significant promoting effect on low-
level carbon reduction innovation.

A possible reason is that during China’s low-carbon
transition stage, there is still room to improve the differ-
entiated institutional supports for firms’ innovation. As a
market-based environmental regulatory tool, the ETS uses
carbon price signals and allowance trading mechanisms to
guide firms to allocate innovation resources to carbon
reduction invention patents—high in innovation and long-
term profit potential. Such innovation not only reduces firms’

Fig. 4 Covariate balance plot. This figure depicts the covariate balance of treatment and control groups before and after matching.

Table 3 Descriptive statistic of main variables.

Variables Obs. Mean Std. Dev. Min Max

Crpa 12,348 0.3979 0.7551 0.0000 3.4012
Cripa 12,348 0.2821 0.6013 0.0000 2.8904
Cropa 12,348 0.2033 0.5254 0.0000 2.7081
Gma 12,348 0.2265 0.4186 0.0000 1.0000
Post×Treat 12,348 0.0414 0.1992 0.0000 1.0000
Employ 12,348 7.7066 1.1771 4.2047 10.8022
Debts 12,348 17.9447 6.8087 0.0000 24.9468
Roa 12,348 0.0381 0.0542 −0.1883 0.1955
Capital 12,348 0.0558 0.0506 0.0001 0.2416
Ocf 12,348 0.0466 0.0713 −0.2016 0.2391
Top1 12,348 0.3538 0.1486 0.0877 0.7695
Indep 12,348 0.3711 0.0514 0.3333 0.5714
Soe 12,348 0.4007 0.4901 0.0000 1.0000
Pc 12,348 0.1266 0.3325 0.0000 1.0000
Dual 12,348 0.2593 0.4383 0.0000 1.0000

Table 2 Variable definition.

Variables Definitions

Dependent
Variable

Crpa Number of carbon reduction invention patent applications = Ln(1+carbon reduction invention patents +
carbon reduction utility model patents + carbon reduction design patents)

Cripa Number of carbon reduction invention patent applications = Ln(1+carbon reduction invention patents)
Cropa Number of carbon reduction other patent applications = Ln(1+carbon reduction utility model patents +

carbon reduction design patents)
Gma Takes the value of 1 if a firm conducts green M&A, otherwise 0.

Independent
Variable

Post×Treat Equal to 1 if the time is after the releasing of the policy and the enterprise is included in the carbon emission
trading pilot range, and 0 otherwise

Control Variable Employ Natural log of employees
Debts Natural log of interest bearing liabilities
Roa Net profits divided by total assets
Capital Cash paid for the purchase and construction of fixed assets, intangible assets, and other long-term assets

divided by total assets
Ocf Net cash flow generated from operating activities divided by total assets
Top1 Shareholding ratio of the largest shareholder
Indep Percentage of the independent directors on the board
Soe Equal to 1 if the actual controller is a state-owned enterprise, and 0 otherwise
Pc Equal to 1 if the chairman or general manager is a member of the National People’s Congress or the Chinese

People’s Political Consultative Conference, and 0 otherwise
Dual Equal to 1 if the company’s CEO is also the chair of the board, and 0 otherwise
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marginal emission reduction costs more efficiently, but also
builds competitive advantages through technical barriers,
indirectly making up for the lack of institutional supports,
and validating Hypothesis 1.

ETS and merger & acquisition. Column (4) of Table 4 reports the
regression results of Model (2). The coefficient of Post×Treat is
0.8345 and significantly positive at the 1% level. This indicates
that the implementation of the ETS significantly increases the
probability of pilot firms conducting green M&A. These estima-
tion results confirm Hypothesis 2.

Robust tests
Parallel trend test. A necessary prerequisite for evaluating policy
effects using the DID method is that the treatment group and
control group have parallel trends before the policy imple-
mentation. Specifically, without the impact of the ETS pilot
policy, Cripa, Gma should show similar characteristics and
trends in both groups. The only difference is that the treatment
group is included in the ETS pilot, while the control group is
not. Therefore, this study uses the dynamic regression Models
(3) and (4) to test whether the samples meet the parallel trend
requirement. The dependent variables and control variables are
consistent with those in Models (1) and (2). The newly added
explanatory variables are dummy variables for the years before
and after the implementation of the ETS pilot policy. The
parallel trend requirement stipulates that the coefficients of the
interaction terms for Before4, Before3, Before2, and Before1

should all be insignificant.

Cripa ¼ α0 þ α1Before4þ α2Before3þ α3Before2

þα4Before1þ α5Current þ α6After1

þα7After2þ α8After3þ α9After4þ α10Controls

þΣαiFirmþ Σα1Year þ εi;t

ð3Þ

Gma ¼ α0 þ α1Before4þ α2Before3þ α3Before2

þα4Before1þ α5Current þ α6After1

þα7After2þ α8After3þ α9After4þ α10Controls

þΣαiInd þ ΣαiYear þ εi;t

ð4Þ

Table 5 presents the parallel trend test results of Models (3)
and (4). The results show that regardless of whether the
dependent variable is Cripa or Gma, the coefficients for Before4
to Before1 are all insignificant. The coefficients for Current to
After4 are all significantly positive. This result reconfirms
Hypotheses1 and Hypotheses2, indicating that the ETS pilot
policy not only encourages pilot firms to carry out carbon
reduction innovation activities but also promotes them to
conduct green M&A. In addition, this study plots parallel trend
graphs (Figs. 5, 6) to present the test results more intuitively.

Placebo test. To reduce the impact of other shocks and unob-
servable factors, this study constructs a “false” interaction term
between a pseudo-treatment group and a fake policy imple-
mentation year. This is done by randomly selecting the treatment
group and generating a fake policy implementation time. Then,
the benchmark regression is re-estimated. Figures 7,8 respectively
present the kernel density plots of the false interaction term
coefficients and the kernel density plots of t-values from 1000
placebo tests. These tests correspond to Cripa and Gma. It can be
observed that after 1000 random samplings, the coefficients of the
false interaction terms are concentrated around zero. In contrast,
the coefficients of Post×Treat in the benchmark regression all lie
outside the distribution of the placebo test coefficients and are

Table 5 Parallel trend test.

Variables (1) (2)

Cripa Gma

Before4 0.0333
(0.41)

−0.2109
(−0.83)

Before3 0.0767
(0.86)

0.3716
(1.18)

Before2 0.1332
(1.49)

0.1440
(0.36)

Before1 0.0698
(1.01)

0.3238
(0.77)

Current 0.1500**

(2.63)
1.0556***

(3.19)
After1 0.2161*

(1.93)
0.6991*

(1.80)
After2 0.1668***

(2.91)
0.4824**

(2.11)
After3 0.1534**

(2.14)
0.7593***

(2.66)
After4 0.1536**

(2.22)
1.0509***

(5.55)
Controls Yes Yes
Year Yes Yes
Firm/Ind Yes Yes
N 12,348 12,299
R2(Pseudo R2) 0.0252 0.0828

Table 4 Impact of ETS on carbon innovation and M&A.

Variables (1) (2) (3) (4)

Crpa Cripa Cropa Gma

Post×Treat 0.0454
(1.88)

0.0661***

(2.87)
0.0013
(0.05)

0.8345***

(3.64)
Employ 0.0278**

(2.70)
0.0179**

(2.10)
0.0176*

(1.99)
0.0605*

(1.79)
Debts 0.0006

(0.59)
0.0007
(0.58)

−0.0002
(−0.45)

0.0291***

(4.91)
Roa 0.1740

(1.45)
0.0999
(1.11)

0.0956
(1.10)

−0.4731
(−0.84)

Capital 0.0997
(0.64)

0.0538
(0.43)

0.0421
(0.32)

0.2710
(0.36)

Ocf 0.0360
(0.53)

0.1006*

(1.77)
−0.0686
(−1.43)

−1.8966***

(−5.20)
Top1 −0.2382***

(−2.77)
−0.2513***

(−3.45)
−0.0924
(−1.58)

−0.2437
(−0.87)

Indep −0.0089
(−0.07)

0.0531
(0.56)

−0.0491
(−0.46)

−0.1658
(−0.26)

Soe −0.0149
(−0.41)

−0.0005
(−0.01)

−0.0140
(−0.57)

−0.1186
(−1.63)

Pc −0.0012
(−0.04)

0.0053
(0.23)

0.0007
(0.04)

−0.0702
(−0.75)

Dual 0.0300*

(1.87)
0.0098
(0.66)

0.0202**

(2.16)
−0.0883
(−1.38)

Constant 0.1455
(1.62)

0.0834
(0.95)

0.0864
(1.20)

−2.9118**

(−2.28)
Year Yes Yes Yes Yes
Firm/Ind Yes Yes Yes Yes
N 12,348 12,348 12,348 12,299
R2(Pseudo
R2)

0.0290 0.0238 0.0230 0.0832

*p < 0.1, **p < 0.05, ***p < 0.01. T-value are reported in parentheses. The notes in the following
tables are consistent.
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outliers. This indicates that the previous conclusions are not
severely biased by other policy shocks or omitted variables.

Redefining the treatment and control groups. To further reduce
the measurement errors of the core explanatory variable Post×-
Treat and enhance the reliability of research conclusions, this
study conducts a sensitivity test by adjusting the way policy
timing is defined. In the benchmark regression, the definition of
Post×Treat strictly follows the actual launch dates of each pilot
region: Beijing and Shanghai implemented their carbon trading
systems in November 2013, while Guangdong and Tianjin
implemented theirs in December 2013. Considering that the
launch dates of some pilots are close to the end of the year, this
study uniformly adjusts the pilot launch dates of Beijing,
Shanghai, Guangdong, and Tianjin to 2014 (the policy shock is
recorded as 1 starting from 2014). Based on this new timing
definition, Post is redefined, and regressions for Models (1) and
(2) are re-estimated. Table 6 presents the regression results. The
empirical results show that the core conclusions of this study are
not affected by minor adjustments to policy timing and remain
robust.

Alternative matching methods. To further mitigate differences in
firm characteristics between the treatment group and the control
group, this study uses Propensity Score Matching (PSM). Speci-
fically, it selects samples not included in the ETS pilot and per-
forms kernel matching. Then, Models (1) and (2) are re-
estimated. Columns (1)–(2) of Table 7 reports the estimation
results of kernel matching. It can be observed that in the DID

estimation results after changing the matching method, the
coefficients of Post×Treat all pass the statistical test at least at the
5% significance level, further supporting the above research
conclusions.

Forward-shifting dependent variable. Considering that there may
be a lag between firms’ engagement in innovation activities and
their patent applications, we set the dependent variable to one
period ahead. The empirical results in Column (3) of Table 7
show that this forward-shifted setting of the dependent variable
does not change the research conclusions of this study, which
indicates that the results of this study are robust.

Alternative model. To enhance the robustness of the previous
conclusions, this study re-conducts empirical tests using the
Probit model, Tobit model, and Poisson model respectively.

The results are presented in Table 8. It can be observed that
regardless of the model used, the coefficients of Post×Treat all
pass the statistical test at least at the 5% significance level. This
further confirms the reliability of the previous research
conclusions.

Heterogeneity test
Policy guarantee system. To reveal the heterogeneous impact of
the different designs of the ETS policy guarantee system on firms’
green strategic behaviors, this study conducts a heterogeneity test
from two core dimensions of the policy guarantee system: the
policy supervision and enforcement system, and the legal liability
constraint system. This aims to reveal differences in policy effects
under different levels of institutional design intensity.

In the heterogeneity analysis of the policy supervision and
enforcement system, samples are grouped based on the strictness
of review for “third-party verification institution qualifications”
and “verifier practice standards” in each pilot region. Columns (1)
−(2) of Table 9 report the regression results. They show that the
positive incentive effect of the ETS on pilot firms’ carbon
reduction innovation and green M&A is only significant among
pilot firms in regions with a strict policy supervision and
enforcement system. A possible reason is that a strict supervision
and enforcement system can effectively ensure the objectivity and
accuracy of carbon emission data verification. This reduces
opportunistic behaviors of firms, such as data fraud and
compliance arbitrage, and strengthens the rigid constraints of
the ETS. Moreover, a standardized supervision environment can
also improve firms’ expectations of long-term policy stability,
encouraging firms to respond to the policy through substantive
strategies such as carbon reduction innovation and green M&A.

In the heterogeneity analysis of the liability constraint system,
sample firms are grouped according to the severity of punishment
in the liability constraints of each pilot region. Columns (3)−(4)
of Table 9 report the estimation results. They show that the
positive impact of ETS on firms’ carbon reduction innovation and
green M&A is mainly concentrated in pilot firms in regions with
strict liability constraints. A possible reason is that under the ETS,
strict liability constraints expose firms to higher non-compliance
costs. This forces firms to adopt green strategic behaviors, such as
carbon reduction innovation and green M&A, to reduce carbon
emissions and meet policy compliance requirements.

Offset ratio. To examine the heterogeneous impact of the differ-
entiated designs of Offset ratio in the ETS on firms’ green stra-
tegic behaviors, this study groups samples based on whether the
allowable offset ratio exceeds 5%. Columns (1)−(2) of Table 10
show that

Fig. 5 Parallel trend I. This figure represents a parallel trend test where the
dependent variable is the Cripa.

Fig. 6 Parallel trend test II. This figure represents a parallel trend test
where the dependent variable is the Gma.
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The ETS has an obvious promoting effect on firms’ green
M&A. However, its incentive effect on firms’carbon reduction
innovation is mainly concentrated in pilot firms located in
regions with higher offset ratios. The above results can be
explained from the following perspectives. First, green M&A
mainly serves as a rapid path for firms to obtain external green
resources, technologies, and legitimacy, which is less restricted by
regional offset ratio settings. Therefore, the ETS can significantly
stimulate firms’ green M&A regardless of offset ratio levels.
Second, carbon reduction innovation relies heavily on long-term
R&D investment, high uncertainty, and strong policy support. In
regions with higher offset ratio, firms enjoy greater flexibility in
fulfilling emission obligations. This reduces short-term cost
pressure and encourages enterprises to carry out long-term
renewable energy innovation and renovation projects. Third,
higher offset ratio helps stabilize firms’ emission reduction
expectations and improves investment confidence in renewable
energy projects. It provides firms with sufficient policy space to
transform energy structure and conduct green technology
innovation, thereby strengthening the incentive effect of the
ETS on carbon reduction innovation.

Trading price. To explore the heterogeneous role of carbon
trading price—a core market signal in the ETS—in firms’ green
strategic behaviors, this study groups samples according to the

annual median carbon trading price in each region. Columns (3)
−(4) of Table 10 show that the ETS’s promoting effects on both
firms’ carbon reduction innovation and green M&A are con-
centrated in pilot firms located in regions with higher carbon
trading prices. The underlying logic of this difference can be
explained through the dual mechanisms of cost pressure trans-
mission and market value revaluation: From the perspective of
cost pressure: Higher carbon trading prices directly increase
firms’ carbon compliance costs. When carbon prices are high, if
firms maintain their original high-emission production models,
they not only have to pay higher fees for purchasing allowances
for excessive emissions but also may face greater cost uncertainty
due to future carbon price increases (Wu et al., 2024). This dual
pressure of “explicit costs + implicit risks” forces firms to take
actions: They may conduct internal carbon reduction innovation
to reduce carbon emissions per unit of output, fundamentally
reducing dependence on external allowances and avoiding long-
term carbon cost pressure. They may also carry out green M&A
to quickly acquire external low-carbon resources, reducing total
carbon emissions in the short term and preventing a surge in
compliance costs caused by high carbon prices.

From the perspective of market value revaluation: High carbon
prices essentially reflect the market’s pricing of “the scarcity of
carbon emission rights” and “the value of low-carbon resources”.
When carbon prices are high, the capital market synchronously
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Fig. 7 Placebo test I. A Kernel density estimation of coefficients (Cripa). B Kernel density estimation of t-value (Cripa).
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raises its value expectations for low-carbon technologies and
green assets: On one hand, firms’ carbon reduction innovation
achievements will be given higher market valuations, encouraging
firms to increase R&D investment (Feng et al., 2024b). On the
other hand, the M&A value of target firms with low-carbon
technologies or green projects will increase as carbon prices rise.
By acquiring such targets, pilot firms can not only achieve rapid
emission reduction but also gain capital market recognition of

value through the integration of low-carbon assets. This further
encourages more firms to conduct green M&A.

Executives’ environmental background. To unveil the hetero-
geneous impact of the ETS on green strategic behaviors of firms
with different executive backgrounds, this study defines execu-
tives with environmental backgrounds as those whose personal
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Fig. 8 Placebo test II. A Kernel density estimation of coefficients (Gma). B Kernel density estimation of t-value (Gma).

Table 7 Alternative matching methods and forward-shifting
dependent variable.

Variables (1) (2) (3)

Cripa Gma Cripat+1

Post×Treat 0.0644**

(2.68)
0.8350***

(3.64)
0.0453*

(1.85)
Controls Yes Yes Yes
Year Yes Yes Yes
Firm/Ind Yes Yes Yes
N 12,350 12,301 10,593
R2(Pseudo R2) 0.0237 0.0833 0.0197

Table 6 Redefined the treatment and control groups.

Variables (1) (2)

Cripa Gma

Post×Treat 0.0730***

(3.34)
0.8355***

(3.49)
Controls Yes Yes
Year Yes Yes
Firm/Ind Yes Yes
N 12,348 12,299
R2(Pseudo R2) 0.0239 0.0829
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resumes include environmental-related keywords. These key-
words include “environment, environmental protection, new
energy, clean energy, ecology, low-carbon, sustainability, energy
conservation”. Samples are grouped according to “whether
executives have environmental backgrounds”. Columns (1)−(2)
of Table 11 show that the ETS has an obvious promoting effect on
firms’ green M&A. However, its incentive effect on firms’ carbon
reduction innovation is mainly concentrated in pilot firms where
executives have environmental backgrounds.

The core reason for this heterogeneous result lies in the
cognitive empowerment and risk tolerance shaped by executives’
environmental backgrounds: Green M&A can help firms quickly
reduce total carbon emissions in the short term, so they often
become a direct choice for firms facing environmental regula-
tions. In contrast, carbon reduction invention innovation is
accompanied by high risks and long cycles. Thus, whether to
choose this more difficult and uncertain green strategic behavior
highly depends on executives’ value perception of low-carbon
innovation. Executives with environmental backgrounds can
more clearly identify the long-term value brought by carbon
reduction innovation—such as competitive advantages from
technical barriers, and potential benefits like policy subsidies
and carbon asset appreciation.

Therefore, these executives have a higher risk tolerance for
carbon reduction innovation and are more willing to promote
firms to bear low-carbon innovation risks, overcome “short-term
cost anxiety”, and allocate resources to carbon reduction

technology R&D (Zhang et al., 2025). Meanwhile, executives
with environmental backgrounds can better understand the
impact of carbon price fluctuations on firms’ long-term costs
and better grasp the low-carbon technology orientation of the
industry. This allows them to accurately identify high-potential
carbon reduction innovation directions, avoiding misallocation of
R&D resources due to cognitive biases. In addition, the
implementation of carbon reduction innovation also relies on
the control of compliance details. Executives with environmental
backgrounds are more familiar with compliance requirements
such as carbon emission accounting standards and data disclosure
norms. They can avoid risks in advance during the carbon
reduction innovation process, preventing innovation achieve-
ments from failing to be implemented due to technologies not
meeting policy standards or non-standard data.

Green interlocking directors. To disclose the heterogeneous impact
of the ETS on green strategic behaviors of firms with different
statuses of green interlocking directors, this study defines green
interlocking directors as those who hold positions in the top
management team, board of directors, or board of supervisors of

Table 9 Heterogeneous impacts of the policy guarantee
system.

Variables (1) (2) (3) (4)

Cripa Gma Cripa Gma

carbon×Strict Policy
Supervision and
Enforcement System

0.0716**

(2.72)
1.0980***

(6.87)

carbon×Lax Policy
Supervision and
Enforcement System

0.0454
(1.53)

−0.4659
(−1.36)

carbon×Strict Liability
Constraints

0.0730***

(3.22)
0.8995***

(4.09)
carbon×Lax Liability
Constraints

−0.0196
(−0.91)

−0.2082
(−0.35)

Controls Yes Yes Yes Yes
Year Yes Yes Yes Yes
Firm/Ind Yes Yes Yes Yes
N 12,348 12,299 12,348 12,299
R2 (Pseudo R2) 0.0238 0.0858 0.0239 0.0837

The carbon is the same meaning as Post×Treat.

Table 10 Heterogeneous impacts of the offset ratio and
trading price.

Variables (1) (2) (3) (4)

Cripa Gma Cripa Gma

carbon×Higher
offsetratio

0.0863***

(3.84)
0.8278**

(2.28)
carbon×Lower
offsetratio

0.0367
(1.06)

0.8448***

(4.42)
carbon× Higher prices 0.0716**

(2.72)
1.0980***

(6.87)
carbon×Lower prices 0.0454

(1.53)
−0.4659
(−1.36)

Controls Yes Yes Yes Yes
Year Yes Yes Yes Yes
Firm/Ind Yes Yes Yes Yes
N 12,348 12,299 12,348 12,299
R2 (Pseudo R2) 0.0239 0.0832 0.0238 0.0858

The carbon is the same meaning as Post x Treat.

Table 8 Alternative model.

Variables (1) (2) (3)

Probit Model Tobit Model Poisson Model

Gma Cripa Cripa

Post×Treat 0.4982***

(3.56)
0.1481***

(3.75)
0.2665**

(2.41)
Controls Yes Yes Yes
Year Yes Yes Yes
Firm/Ind Yes Yes Yes
N 12,299 12,302 12,302
Pseudo R2 0.0826 0.0950 0.1581

Table 11 Heterogeneous impacts of the executives’
environmental background and green interlocking directors.

Variables (1) (2) (4) (5)

Cripa Gma Cripa Gma

carbon×Executives with
Environmental
Background

0.1075*

(1.82)
0.9391***

(2.88)

carbon×Executives
without Environmental
Background

−0.0098
(−0.16)

0.6187***

(2.89)

carbon× With Green
Interlocking Directors

0.2024*

(1.91)
1.1483***

(3.44)
carbon×Without Green
Interlocking Directors

0.0320
(1.47)

0.7511***

(3.57)
Controls Yes Yes Yes Yes
Year Yes Yes Yes Yes
Firm/Ind Yes Yes Yes Yes
N 12,348 12,299 12,348 12,299
R2 (Pseudo R2) 0.0244 0.0834 0.0247 0.0834

The carbon is the same meaning as Post x Treat.
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two or more firms simultaneously, and whose personal resumes
include keywords such as “green, environmental protection,
environment, sustainability, circular, reuse”. Samples are
grouped according to “whether a firm has green interlocking
directors” to reveal the green strategic empowerment role of
green interlocking directors. Columns (3)−(4) of Table 11 show
that the ETS has an obvious promoting effect on firms’ green
M&A. However, its incentive effect on firms’ carbon reduction
innovation is mainly concentrated in pilot firms with green
interlocking directors.

A possible reason is that green M&A, with their notable
advantage of “ready-to-use”, often become the preferred response
path for firms under environmental regulatory constraints. In
contrast, carbon reduction invention innovation requires sub-
stantial R&D investment and technical accumulation. Green
interlocking directors can leverage their green-related profes-
sional knowledge and external networks to accurately interpret
ETS policy details (such as carbon price fluctuation rules and
future allowance adjustment directions) and industry low-carbon
technology trends, identifying high-potential low-carbon innova-
tion directions. The cross-firm position advantage of green
interlocking directors allows them to transfer low-carbon
innovation experiences from other firms to their own firms,
helping reduce the cost of information acquisition (Zhao et al.,
2025). Additionally, relying on their industry network, green
interlocking directors can help firms convey their low-carbon
innovation intentions, enhance creditor trust, and expand
financing channels such as green credit and carbon-neutral
bonds. This “resource effect” effectively eases the capital pressure
of carbon reduction innovation, thereby promoting firms to
conduct low-carbon innovation.

On the contrary, firms without green interlocking directors
often struggle to obtain professional low-carbon innovation
information and resources, facing high information asymmetry
and financing constraints. Due to insufficient funds and
inaccurate grasp of technical trends, these firms may hesitate to
engage in carbon reduction innovation activities. Instead, they are
more inclined to quickly acquire external low-carbon resources
by merging mature green businesses or firms to meet the
emission reduction requirements of the ETS.

Green investor. To verify the heterogeneous impact of the ETS on
green strategic behaviors of firms with different green investor
shareholding statuses, this study identifies green investors by

screening funds whose investment objectives, scopes, or strategies
include keywords such as “environmental protection, ecology,
green, new energy development, clean energy, low-carbon”. These
green investors are then matched with the investment records of
listed firms. Samples are grouped according to “whether a firm
has green investor shareholding” to examine the empowerment
role of green investors in firms’ green strategic choices. Columns
(1)−(2) of Table 12 show that the ETS has an obvious promoting
effect on firms’ green M&A. However, its incentive effect on
firms’ carbon reduction innovation is mainly concentrated in
pilot firms with green investor shareholding.

A possible reason is that green M&A, which can quickly reduce
total carbon emissions in the short term, align with firms’ short-
term interests and strategic development needs—making them a
direct policy response path for firms to cope with carbon
constraints. In contrast, carbon reduction innovation has the
triple attributes of “high investment, long cycle, and high risk”,
and firms often face difficulties in “accessing financing and high
financing costs”. Green investors, with their investment philoso-
phy centered on “environmental protection and sustainable
development”, better recognize the long-term value of carbon
reduction innovation (Li et al., 2025). They are more willing to
support firms’ carbon reduction innovation by holding shares or
helping firms connect with specialized financing channels such as
green credit and carbon-neutral funds. Second, the shareholding
behavior of green investors also has a “reputation endorsement”
effect. This not only helps firms attract more environmentally
conscious consumers and partners but also enhances their image
in the capital market—further expanding financing channels and
reducing financing costs, thus providing stable resource support
for carbon reduction innovation. Finally, the long-term nature of
carbon reduction innovation may conflict with the “short-term
performance orientation” of management. Without external
supervision, management may worry that low-carbon R&D
investment will affect short-term profits, and thus tend to choose
“quick-result” paths such as green M&A rather than long-term
carbon reduction innovation.

Green investors, however, can rely on their professional
knowledge in the environmental field to urge firms to allocate
resources to carbon reduction innovation that aligns with long-
term development, avoiding management myopia (Lv et al.,
2024). In contrast, firms without green investor shareholding
often face limited financing channels and cannot afford the high
costs of carbon reduction innovation. Moreover, without the
reputation endorsement and professional supervision of green
investors, firm management is more likely to prioritize short-term
financial performance. They choose to quickly meet the
compliance requirements of the ETS through green M&A rather
than investing resources in long-term carbon reduction
innovation.

Industry pollution attribute. To corroborate the heterogeneous
impact of the ETS on green strategic behaviors of firms in dif-
ferent industry categories, this study refers to the measures for the
Administration of Environmental Information Disclosure of
Listed Companies issued by the Ministry of Ecology and Envir-
onment of China and the industry classification standards of the
China Securities Regulatory Commission (CSRC). It defines high-
energy-consumption and high-emission industries—such as
thermal power, iron and steel, cement, chemicals, and non-
ferrous metals—as heavy-polluting industries. Samples are
grouped according to “whether a firm belongs to a heavy-
polluting industry”. Columns (3)−(4) of Table 12 show that the
ETS has an obvious promoting effect on firms’ green M&A.
However, its incentive effect on firms’ carbon reduction

Table 12 Heterogeneous impacts of the green investors and
industry attributes.

Variables (1) (2) (3) (4)

Cripa Gma Cripa Gma

carbon×With Green
Investor Shareholding

0.0850***

(2.84)
0.8260***

(3.57)
carbon× Without Green
Investor Shareholding

0.0440
(1.24)

0.8437**

(3.32)
carbon× Heavy-Polluting
Industries

0.1450***

(2.91)
1.0382*

(1.87)
carbon× Non-Heavy-
Polluting Industries

0.0199
(0.71)

0.6974***

(3.90)
Controls Yes Yes Yes Yes
Year Yes Yes Yes Yes
Firm/Ind Yes Yes Yes Yes
N 12,348 12,299 12,348 12,299
R2 0.0239 0.0832 0.0243 0.0834

The carbon is the same meaning as Post x Treat.
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innovation is mainly concentrated in pilot firms in heavy-
polluting industries.

The potential reasons are that green M&A help firms quickly
achieve carbon emission reduction targets in the short term, often
becoming a direct option for firms to consider and implement
when facing environmental regulations. The core logic behind
this heterogeneous result lies in the fundamental differences
between heavy-polluting and non-heavy-polluting firms in two
aspects: the intensity of carbon emission constraints, and the cost-
benefit trade-off logic. Specifically, for heavy-polluting firms,
green M&A can quickly ease the urgent pressure of high
allowance purchase costs caused by excessive emissions. For
non-heavy-polluting firms, green M&A can quickly improve
green competitiveness at a relatively low cost. Thus, green M&A,
with their advantage of “short-term results”, become a common
choice for firms to cope with carbon constraints.

However, the baseline carbon emissions of firms in heavy-
polluting industries are much higher than those of non-heavy-
polluting firms. If they maintain their original production models,
they need to purchase a large number of allowances to cover
excessive emissions, leading to extremely high long-term carbon
compliance costs (Liu et al., 2025). On the other hand, with the
advancement of the “dual carbon” goals (carbon peaking and
carbon neutrality), environmental standards for heavy-polluting
industries will continue to tighten. If firms only rely on green
M&A and lack independent carbon reduction technologies, they
will always face risks such as dependence on external resources
and uncontrollable costs—even potentially affecting normal
operations. Driven by both short-term cost pressure and long-
term survival anxiety, heavy-polluting firms often take carbon
reduction innovation as a core strategy. This not only helps
fundamentally reduce carbon emissions per unit of output, reduce
long-term dependence on external allowances, and control
carbon compliance costs at the source but also transforms core
technologies from carbon reduction innovation into competitive
barriers.

Therefore, for heavy-polluting firms, carbon reduction innova-
tion is not only a short-term compliance need but also a green
strategic behavior that aligns with long-term survival and
competition. Unlike heavy-polluting firms, non-heavy-polluting
firms have relatively low baseline carbon emissions and can often
meet compliance requirements through green M&A. In addition,
the core competitiveness of non-heavy-polluting firms is mostly
concentrated in non-environmental fields, so carbon reduction
innovation is not their core strategic need. If they invest a large
amount of funds and human resources in carbon reduction R&D,
they may face the risk of “resource misallocation”. This not only
fails to generate direct benefits in the short term but may also
squeeze investment in core businesses and affect corporate
financial performance. Therefore, under the ETS, non-heavy-
polluting firms are more inclined to acquire firms with mature
green technologies to quickly obtain necessary resources for low-
cost compliance and respond to emission reduction policies.

Further analysis
To explore the relationship between firms’ internal independent
carbon reduction innovation and external green M&A, this study
uses the Ordered Logit model. It classifies firms’ green strategic
behaviors into four discrete choices: only carbon reduction
innovation activities (Cripa2), only green M&A (Gma), both
carbon reduction innovation activities and green M&A (Cri-
pa2&Gma), and neither carbon reduction innovation activities
nor green M&A. Taking “no green strategy” as the reference
group, this study examines the differential impact of the ETS on
firms’ choices of different green strategic behaviors. The test

results in Table 13 show that the ETS has a significantly positive
impact on pilot firms’ choices of two green strategic behaviors:
only green M&A (Gma) and both carbon reduction innovation
activities and green M&A (Cripa2&Gma).

The essence of this strategic choice difference lies in firms’
balance between short-term compliance needs and long-term
competitive advantages under the pressure of the ETS: From a
short-term perspective, internal carbon reduction innovation
requires bearing high R&D investment costs and technical failure
risks. It also has a long R&D cycle and high uncertainty in result
transformation, making it difficult to quickly meet the carbon
emission reduction compliance requirements under the ETS. In
contrast, green M&A enable firms to acquire external low-carbon
resources (such as core technologies, professional talents, and
carbon assets) on a “ready-to-use” basis by purchasing target
firms with mature low-carbon technologies, green projects, or
surplus allowances. This helps firms quickly reduce total carbon
emissions in the short term, meet policy compliance standards
efficiently, and effectively offset the risks and lag of internal
innovation—making it the preferred path for firms to cope with
short-term carbon cost pressure. From a long-term development
perspective, although green M&A can alleviate short-term emis-
sion reduction pressure, over-reliance on external resources may
trap firms in a “technology dependence” dilemma. Firms may fail
to develop independent and controllable core green technologies,
thus losing technological discourse power in future low-carbon
competition.

However, internal carbon reduction innovation—through
independent R&D of low-carbon technologies and optimization
of low-carbon processes—helps firms build unique technical
barriers (Yu et al., 2017) and form green core competitiveness
that is difficult for competitors to imitate. This lays the founda-
tion for long-term sustainable low-carbon development (Xie
et al., 2019). It is based on the dual insights of short-term com-
pliance and long-term competition that pilot firms show differ-
entiated strategic choices: Some firms prioritize “only green M&A
(Gma)” to quickly alleviate short-term emission reduction pres-
sure. Other firms tend to combine the two strategic paths: using
green M&A to quickly ease short-term carbon cost pressure,
while relying on internal innovation to build long-term techno-
logical advantages. Eventually, this forms a strategic synergy effect
of “M&A supplement weaknesses, innovation builds barriers”,
enabling firms to more calmly respond to the short-term chal-
lenges and long-term competition brought by the ETS.

Conclusion
This study takes the implementation of China’s ETS as a quasi-
natural experiment and the DID model to test the policy effects of
ETS. The findings show that the implementation of ETS can
significantly restructure corporate green strategic decisions.

Table 13 Test on the linkage between carbon reduction
innovation and green M&A.

Variables (1) (2) (3)

Cripa2 Gma Cripa2&Gma

Post×Treat 0.1177
(0.61)

0.6014**

(2.25)
1.2724***

(5.84)
Controls Yes
Year Yes
N 12,348
Pseudo R2 0.0393
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Specifically, it promotes pilot firms to carry out internal carbon
reduction innovation to consolidate their technological founda-
tion and integrate low-carbon resources through external green
M&A.

Meanwhile, heterogeneous characteristics at three levels exert
heterogeneous impacts on firms’ green strategic choices and the
implementation effects of the ETS policy. At the institutional
design level, the completeness of policy guarantees, differences in
offset ratio, and fluctuations in carbon trading prices. At the firm-
level, executives’ environmental backgrounds, green interlocking
director networks, and green investor shareholding status. At the
industry level, industry pollution attributes.

Extended studies further verify that firms’ internal independent
innovation and external M&A are not mutually exclusive choices
but show a complementary relationship. The above research
results not only provide empirical evidence for systematically
analyzing the policy effects of the ETS in emerging economies but
also offer policy references for subsequent optimization of ETS
design and precise guidance for corporate green transition—by
revealing the heterogeneous impacts of factors such as institu-
tional design and firm characteristics.

Based on these conclusions, this paper puts forward the fol-
lowing policy implications.

On the one hand, optimize ETS design and build a differ-
entiated policy framework for diverse subjects. The ETS should
avoid a “one-size-fits-all” approach and refine rules based on
heterogeneous characteristics across different dimensions:
Supervision and enforcement: In regions with sound policy
guarantees and strong corporate compliance capabilities (such as
Beijing, Shanghai, Shenzhen), further improve the qualification
management of verification institutions and personnel, and
strengthen penalties for violations. In regions with weak institu-
tional foundations, first guide firms to adapt through “incentive-
bound constraints” (such as replacing fines with subsidy cancel-
lation) and gradually increase supervision intensity. Offset ratio:
Implement a dynamic and differentiated offset ratio adjustment
mechanism. Given that a higher offset ratio can effectively sta-
bilize firms’ emission reduction expectations, alleviate short-term
compliance cost pressure, and thereby incentivize long-term
carbon reduction innovation, the regulator should moderately
raise the allowable offset ratio to provide sufficient policy space
for enterprises to invest in renewable energy innovation and
technological transformation. Carbon price stability: Establish a
carbon price stabilization mechanism. By adjusting allowance
supply and improving price early warning systems, reduce the
interference of sharp carbon price fluctuations on firms’ green
strategic decisions and ensure clear institutional signals.

On the other hand, guide firms’ green strategic choices by
category based on firm heterogeneity targeting firm-level het-
erogeneity, design hierarchical guidance paths. For firms with
executives with environmental backgrounds, green interlocking
director networks, or green investor shareholding: Provide sup-
ports through special subsidies and carbon financial instruments
to encourage them to increase investment in internal carbon
reduction innovation and play a leading role in technology. For
firms with no executives with green backgrounds, green inter-
locking director networks, or green investor shareholding: Build a
green M&A service platform to screen high-quality low-carbon
targets and provide M&A financing convenience. These actions
help firms quickly acquire emission reduction capabilities
through external integration. Meanwhile, provide supporting low-
carbon technology training to promote post-M&A technology
digestion and absorption, and guide firms to gradually transition
to a M&A+innovation synergy model. For firms in heavy-
polluting industries: strengthen both allowance control and
innovation incentives. For firms in non-heavy-polluting

industries: focus on guiding them to achieve low-cost compliance
through green M&A to avoid resource misallocation.

Data availability
The datasets generated and/or analysed during the current study
are not publicly available due to licensing restrictions and third-
party data use agreements associated with the original data pro-
viders, which prohibit unrestricted public redistribution. How-
ever, the data and replication materials are available from the
corresponding author upon reasonable request for academic and
research purposes, subject to compliance with the relevant data
use conditions.
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Notes
1 These keywords are as follow: low carbon, emission reduction, greenhouse, GHG,
carbon dioxide, CO2, ozone, O3, nitrous oxide, N2O, methane, CH4, LED, large-unit-
replace-small-unit, coal-to-gas conversion, waste heat power generation, and etc.

2 Fig. 2 shows the trend of annual average carbon trading prices in each pilot region.
3 Fig. 3 presents the quantity of allowance allocations in each pilot at the early stage of
carbon market establishment (2014).
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