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Abstract

Energy-intensive firms are key participants in China’s carbon emissions trading system
(CETS). However, evidence on whether CETS promotes the green transformation (GT) of
these firms remains limited. In this study, a multi-period difference-in-differences (DID)
model is applied to investigate the impacts of CETS on the GT of 529 listed firms from six
energy-intensive industries over the period 2007–2024. Results show that CETS signifi-
cantly promotes GT, and the findings remain robust after parallel trend, placebo, propensity
score matching (PSM)-DID, Goodman-Bacon decomposition, and alternative variable tests.
Further analysis reveals that internal control and green technological innovation (Ginn)
positively moderate the effects of CETS on the GT of energy-intensive firms. Heterogeneity
analysis reveals that the promoting effect is more pronounced in highly competitive indus-
tries and among firms with stronger green reputations. These findings provide empirical
evidence on the effectiveness of CETS in facilitating the GT of energy-intensive firms.

Keywords: carbon emissions trading system; energy-intensive firms; green transformation;
sustainability

1. Introduction
Due to rapid industrialization, China has become the world’s largest carbon emitter,

posing dual challenges of severe pollution and high energy consumption. To achieve
decarbonization efficiently, the Chinese government has introduced a series of mitigation
policies. Among these policies, the carbon emissions trading system (CETS) treats car-
bon emission rights as tradable commodities, allowing firms to buy and sell allowances
within a prescribed regulatory cap [1]. This pricing mechanism encourages enterprises to
internalize the external costs of their carbon emissions, ultimately fostering low-carbon
competitiveness [2]. Following the successive rollout of regional pilot markets in 2013, the
unified national carbon market was officially launched in 2021, establishing CETS as a core
pillar of China’s mandatory emission reduction framework [3].

Specifically, during the regional pilot phase, eight provinces and municipalities—
Shenzhen, Shanghai, Beijing, Guangdong, Tianjin, Hubei, Chongqing, and Fujian—established
independent carbon markets to explore quota allocation and trading rules tailored to local
industrial characteristics. Building upon the extensive legislative and operational expe-
rience garnered from these pilots, the unified national carbon market initially targeted
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the power generation sector as a breakthrough point. According to official statistics from
the Ministry of Ecology and Environment of China, upon its launch, the national market
covered over 2100 key emission entities and regulated approximately 4.5 billion tons of CO2

emissions annually, making it the world’s largest carbon market by volume. Under this
framework, the government sets stringent industrial emission caps and allocates tradable
quotas primarily based on historical emission intensity and industry benchmarks.

Given that energy-intensive firms account for a substantial share of China’s total
emissions, their mitigation behaviors are critical to the success of CETS. Under CETS,
these firms face three compliance scenarios [4]: (1) purchasing additional allowances to
offset excess emissions; (2) accepting financial penalties for non-compliance; and (3) selling
surplus quotas for profit if their mitigation efforts are highly effective. Options (1) and (2)
impose severe cost pressures on heavy emitters, while option (3) offers a lucrative financial
incentive. This stringent environmental regulation theoretically compels firms to pursue
green transformation (GT), thereby enabling them to achieve emission reductions, secure
excess market returns, and ultimately realize long-term sustainable development.

Studies investigating the “green effect” of environmental regulations have predom-
inantly been conducted from macro-regional or meso-industrial perspectives, focusing
on how these policies affect industrial upgrading and overall mitigation efficiency [5,6].
However, empirical evidence at the micro-firm level remains scarce, particularly concerning
the actual driving effect of CETS on energy-intensive enterprises. Moreover, the internal
mechanisms facilitating this transition lack systematic explanations. To bridge the gaps,
this study addresses the following core research questions: How exactly does CETS drive
the GT of energy-intensive firms in China? What moderating roles do internal control and
green technological innovation (Ginn) play in this process? Does the policy’s driving effect
vary significantly under different industry competition intensities and corporate green
image (GI) profiles?

This study adopts the 2012 industry classification of the China Securities Regulatory
Commission. The energy-intensive sectors analyzed are: (1) petroleum processing, coking,
and nuclear fuel processing; (2) chemical raw materials and chemical products manufac-
turing; (3) non-metallic mineral products manufacturing; (4) ferrous metal smelting and
rolling processing; (5) non-ferrous metal smelting and rolling processing; and (6) electricity
and heat production and supply. These are the key sectors targeted by CETS, which con-
tribute to a large proportion of the country’s carbon emissions and consume most of the
energy. These firms confront the most urgent demand for GT and suffer huge compli-
ance cost pressure. The effectiveness of GT directly affects the effectiveness of the market
mechanism [7]. However, critical research gaps remain in interpreting this transmission
path. First, existing studies frequently consider carbon trading merely as a financial burden,
largely ignoring the internal “governance precision–technical guarantee” mechanisms that
firms use to absorb and convert carbon price signals. Specifically, it remains unclear how
internal control optimizes carbon asset management by mitigating agency conflicts and
how Ginn enhances a firm’s responsiveness to market incentives. Furthermore, previous
studies overlooked boundary conditions of policy effectiveness, particularly, the contextual
constraints imposed by market competition pressure and the strategic value of a corporate
GI as reputation capital.

To fill the aforementioned research gaps, this study uses 529 listed enterprises from
six energy-intensive industries in China’s A-share market from 2007 to 2024 as the sample
and employs a multi-period difference-in-differences (DID) model to thoroughly analyze
the net effect and underlying mechanisms of CETS on the GT of energy-intensive firms.
This study contributes to the literature in the following aspects: (1) This study expands
the research scope from a macro- to micro-enterprise level. Existing studies related to
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CETS primarily focus on regional emission reductions or industry-level quota efficiency,
while less attention has been paid to the proactive responses of enterprises as policy
implementers [8]. Therefore, this study develops an analytical framework of “external
policy shock–internal resource allocation–strategic transformation” to explore how policy
pressure affects the decision-making of energy-intensive enterprises, thereby enriching
micro-empirical research on CETS. (2) This study opens the “black box” of the internal
transmission mechanism within enterprises. Existing studies treat carbon trading as a
financial constraint, overlooking the specific process by which enterprises internally absorb
carbon price signals. In this paper, two key factors, internal control and Ginn, are intro-
duced, and the moderating roles of these factors in policy transmission are investigated.
This not only confirms the value of internal control in mitigating agency problems but
also illustrates how technological innovation helps enterprises transform external pressure
into an internal driving force for transformation. (3) This study explores the boundary
conditions of policy effects. Previous research often assumes that enterprises face a ho-
mogeneous market environment. In contrast, this study investigates the heterogeneity
of policy effects by incorporating industry competition intensity and corporate GI. This
not only reveals the differential impacts of CETS under varying market ecologies and
resource endowments [9] but also provides empirical evidence for energy-intensive en-
terprises to formulate customized green strategies under mandatory emission reduction
constraints [10].

The remainder of this paper is organized as follows: Section 2 introduces studies on
the CETS and firms’ GT, developing the foundation of theoretical framework, and the re-
search hypotheses are proposed; Section 3 describes the research design, including sample
selection, variable definitions, and model specification; Section 4 presents and discusses
the empirical results of the benchmark regression, moderating effects, and heterogeneity
analyses; Section 5 conducts a series of robustness checks, including parallel trend tests,
propensity score matching (PSM)-DID estimation, placebo tests, Goodman-Bacon decom-
position analysis, and alternative dependent variable specifications; Section 6 discusses
the main findings, concludes the study, and provides managerial implications and policy
recommendations. Figure 1 presents the overall research process.

 

Figure 1. Overview of the research process.
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2. Literature Review and Hypotheses
2.1. CETS and GT

As a typical environmental regulation tool, CETS grants carbon emission rights the le-
gal attribute of an asset, converting the originally external social burden of carbon emissions
into an internal environmental constraint for enterprises. Within CETS, the six energy-
intensive industries represented by electricity and petroleum are the sectors most severely
impacted by policy. According to statistics, these high-energy-consuming industries not
only account for over 60% of the total carbon emissions, but also their transformation effi-
ciency directly determines the long-term viability and core competitiveness of enterprises
under low-carbon constraints [11].

Furthermore, during the implementation of GT and the improvement of emission
reduction efficiency, technical monitoring serves as an indispensable foundation for ac-
curately assessing energy consumption. Recent studies have emphasized the critical role
of low-cost intelligent monitoring systems in supporting decarbonization strategies. For
instance, Mobaraki et al. [12] developed an IoT-based low-cost thermal monitoring system
(IoT HEAT) to evaluate the real-time thermal transmittance of building envelopes, pro-
viding a cost-effective basis for identifying energy losses and supporting energy-efficient
retrofits. Similarly, regarding the monitoring of structural parameters in industrial pro-
duction, Porras et al. [13] successfully applied low-cost wireless sensor systems to monitor
the temperature and humidity of early-age concrete. By dynamically tracking thermal
gradients, this system significantly improves material and energy efficiency in industrial
manufacturing environments. These micro-level innovations in low-cost sensing technol-
ogy provide crucial technical safeguards and real-time data support for energy-intensive
sectors to implement substantive carbon reduction actions and accurately evaluate the
effectiveness of GT.

Based on the incentive effect of the “Porter Hypothesis”, when carbon emission
quotas become a regulatory factor, excessive emissions will directly lead to high punitive
expenditures, while the surplus quotas generated by technological advantages can be
converted into additional profits through market transactions [14,15]. The coexistence of
cost pressure and profit opportunities constitutes the innovation compensation mechanism
of enterprises, prompting them to shift from innovating green technologies to optimizing
production processes, achieving a leap from passive compliance to a comprehensive GT [16].
From the perspective of the signaling theory, CETS not only brings cost constraints but
also serves as an effective channel for enterprises to convey their sustainable development
capabilities to external stakeholders. In the case of environmental information asymmetry,
carbon trading performance and transformation willingness have become important signals
for outsiders to measure an enterprise’s risk response ability and social responsibility [17].
For energy-intensive enterprises, responding positively to policies and implementing GT
can release positive signals of long-term competitiveness and governance norms to the
capital market, thereby helping to alleviate financing constraints and attract green capital
support [18]. This signal dividend triggered by policies can effectively compensate for
initial compliance costs and enhance the internal driving force of enterprises to achieve
comprehensive transformation.

Existing studies have widely explored the positive role of CETS in promoting corpo-
rate Ginn and improving external financing environments, which provides an important
theoretical foundation for this study to investigate deeper transformation. Driven jointly
by the Porter Hypothesis and signaling theory, CETS not only imposes substantive cost
constraints on energy-intensive firms but also compels them to fully integrate environmen-
tal performance into their core governance structures. Consequently, the technological
advantages and financing support accumulated by firms responding to carbon regulations
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will be transformed into a driving force for systematic strategic adjustments, propelling
the firms from passive compliance to comprehensive GT. Based on the above analysis, the
following hypothesis can be proposed:

H1. CETS significantly promotes the GT of energy-intensive enterprises.

2.2. The Moderating Effect of Internal Control Level (ICL) and Ginn

In the process through which CETS drives enterprises to adopt GT, the efficiency
of policy signal transmission is often constrained by the internal governance level and
technical support capacity of the enterprises. From the perspective of enterprise governance,
the ICL directly determines the accuracy of policy constraints being transformed into
management decisions. According to the principal-agent theory, there is an inconsistency
of interests between the management and the shareholders. The management often tends
to pursue short-term business performance while avoiding risky and long-term green
investments [19]. High-quality internal control systems can effectively suppress the short-
sighted behavior of the management under agency problems by strengthening internal
supervision and information disclosure mechanisms [20]. When enterprises face quota
constraints and cost pressures generated by CETS, a well-established internal control system
helps the management to more accurately identify policy risks and embed environmental
goals into long-term business plans. This governance mechanism ensures that the limited
funds of the enterprises can be prioritized for GT projects, thereby alleviating the financial
risks caused by increased compliance costs and ensuring that the external pressure of CETS
can be transformed into systematic strategic adjustments [21].

From the perspective of technical support, the level of Ginn is the core support for
enterprises to make the leap from “passive compliance” to “active transformation”. Based
on the absorptive capacity theory, firms’ responsiveness to external policy signals depends
on their existing knowledge reserves and technical foundation. Higher levels of Ginn mean
that enterprises have stronger abilities to identify and internalize external environmental
technologies, and can quickly convert the price incentives of the carbon emission market
into actual production process innovations [22]. Combined with the dynamic capability
theory, Ginn is not only a direct means to reduce carbon emission intensity but also a key
link for enterprises to perceive market changes and restructure production factors under
carbon emission regulations [23]. When enterprises have substantial green patent outputs,
the technical achievements can be more effectively transformed into production efficiency,
significantly reducing emission reduction costs, and enhancing the dynamic matching
ability of enterprises in the GT process.

Although the above studies confirm the direct driving effect of environmental regula-
tions on corporate behavior, the moderating mechanisms that influence policy transmission
efficiency within enterprises are often overlooked. Based on the preceding analysis, this
study argues that the promoting effect of CETS on the GT of energy-intensive firms is
not static; rather, it can be significantly amplified by improvements in firms’ governance
and technological capabilities. Specifically, internal control and Ginn, as two distinct
moderating pathways, optimize the absorption of policy signals from the perspectives of
“governance willingness” and “technological foundation”, respectively. When confronting
the compliance pressure of CETS, a higher level of internal control effectively reduces
agency costs, ensuring that management smoothly translates policy pressure into long-
term green investment decisions. Concurrently, a higher level of Ginn endows firms with
stronger absorptive capacity, enabling them to convert carbon price signals into actual
production process upgrades at a lower cost. Functioning as “accelerators” in policy trans-
mission, these two internal capabilities independently strengthen firms’ responsiveness to
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environmental regulations, thereby positively moderating the driving effect of CETS on GT.
Therefore, the following hypotheses can be proposed:

H2a. The level of enterprise internal control exerts a significant positive moderating effect on the
impact of CETS on the GT of energy-intensive firms.

H2b. Ginn exerts a significant positive moderating effect on the impact of CETS on the GT of
energy-intensive firms.

2.3. Heterogeneous Effects of CETS on GT in Energy-Intensive Enterprises

The driving effect of CETS on energy-intensive enterprises’ GT is not uniformly
distributed in all situations. The policy effect is often constrained by the external market
competition environment and the internal resource endowment of the enterprises.

First, the intensity of industry competition is the key external constraint determining
the policy transmission effect. From the perspective of market structure, the differences in
the competitive environment significantly change the strategies that enterprises adopt when
responding to environmental regulations. In industries with a high degree of competition,
due to the severe homogeneity of products and limited profit margins, enterprises lack
the ability to transfer the carbon trading costs to downstream consumers, which makes
the survival pressure caused by compliance costs particularly intense. Under the pressure
of CETS, enterprises are more motivated to pursue technological gains and differentiated
competitive advantages through active GT, which in turn enhances their responsiveness to
policy incentives [24]. Conversely, in industries with a high degree of monopoly, enterprises
with stronger market power can often transfer the carbon emission costs to the outside
through price adjustments, resulting in a lack of urgency for internal optimization of
production processes and reconfiguration of governance systems, thereby weakening the
policy’s driving force for GT [25,26].

Second, the GI of enterprises, as a heterogeneous resource, determines the resource
endowment capacity of enterprises under policy shocks. From the capital base perspective,
an outstanding GI constitutes a kind of intangible capital for enterprises, which can sig-
nificantly enhance their trust links with external stakeholders. In CETS, enterprises with
a high level of green reputation often have stronger financing absorption capacity and
can attract green credit and social capital at a lower premium to solve the potential risks
of funding breaks during the transformation process [27–29]. Moreover, this reputation
capital can also promote enterprises to integrate into the ecological innovation network,
attract high-quality suppliers, consumers, and non-profit institutions to conduct collab-
orative research and development, and transform scattered environmental investments
into systematic green technology solutions [30]. This logic of transforming reputation
accumulation into transformation motivation essentially represents the strategic leap of
enterprises to convert resources into technology through environmental governance, ul-
timately driving energy-intensive enterprises to complete a deep transformation under
carbon constraints [31].

From the above studies, it can be generalized that the implementation effects of en-
vironmental regulation policies are not uniformly distributed but are constrained by the
external market ecology and internal resource endowments of enterprises. This study
argues that the driving effect of CETS on the GT of energy-intensive firms exhibits sig-
nificant heterogeneity among groups with different characteristics. Specifically, industry
competition intensity and corporate GI constitute the external constraints and internal
support influencing policy transmission efficiency. On the one hand, in highly competitive
industries, firms cannot easily pass on the added carbon trading costs to consumers; this
severe external survival pressure forces firms to actively undertake GT to rebuild differenti-
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ated competitive advantages. On the other hand, a good GI acts as intangible reputation
capital. This effectively alleviates financing constraints and attracts external innovation
resources during GT, which provides solid internal resource support for firms to respond
to carbon reduction policies. Therefore, firms in highly competitive industries or with a
strong green reputation reserve possess stronger motivation and capability to translate the
policy pressure of CETS into substantive transformation actions. Accordingly, this study
proposes two additional hypotheses:

H3a. The promoting effect of CETS on the GT of energy-intensive firms is more significant in
industries with higher competition intensity.

H3b. The promoting effect of CETS on the GT of energy-intensive firms is more significant for
firms with a positive GI.

3. Research Design
3.1. Sample Selection and Data Sources

This research uses a sample of 529 firms from six energy-intensive industries listed on
China’s A-share market during 2007–2024. These medium-to-large listed firms represent
industry leaders and major carbon emitters within these critical sectors. As the primary
targets of CETS, their transition effectiveness largely determines the overall success of
the national carbon market. Therefore, these listed firms are highly representative of
the broader trajectory of Chinese corporate GT under mandatory carbon reduction con-
straints. Furthermore, A-share listed firms are subject to stringent financial auditing and
environmental disclosure standards, providing a reliable foundation for empirical analysis.

Firms with abnormal financial conditions, including ST or *ST designations, as well
as those that were suspended from trading, were excluded to ensure data reliability. En-
terprises with severely missing data and those with extreme outliers were also excluded.
Winsorization was applied at the first and 99th percentiles for the variables. Finally, a total
of 6063 observation samples were determined.

The annual reports of listed companies were obtained from the Juchao Information
Network (https://www.cninfo.com.cn). The frequency of 113 GT keywords in the annual
reports of enterprises was calculated using Python 3.13.3. Enterprise-level data were
collected from CSMAR. The internal control index was obtained from the DIB database
(https://www.dibdata.cn/).

3.2. Variable Definition
3.2.1. Dependent Variable

The enterprise GT is regarded as the dependent variable in this study. Based on policy
documents such as “Technical Guidelines for Assessing Enterprise Environmental Behav-
iors”, “White Paper on Green Manufacturing”, and “Made in China 2025”, 113 keywords
related to the enterprise GT were selected from five categories including technological
innovation (TI), strategic concepts (SC), publicity initiatives (PI), pollution control (PC), and
monitoring management (MM), as shown in Figure 2. The frequency of these keywords
appearing in the annual reports of listed companies was counted to quantify the level of the
enterprise’s GT. Finally, the logarithm of the frequency count plus 1 was used to represent
the GT indicators of the company [32].
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Figure 2. Word frequency-based hierarchical structure of the five-dimensional GT indicator system.

3.2.2. Core Explanatory Variable

In this research, the core explanatory variable is a multi-period difference-in-
differences (DID) indicator that captures the policy shock of CETS on firms’ GT. Considering
that CETS was implemented gradually across different regions and years in China, firms
are not assigned to the treatment and control groups solely according to whether they are
located in carbon-trading pilot regions. Instead, the treatment status is identified based on
the first year in which a firm was actually included among the key emission entities covered
by CETS. Specifically, if firm i is first included in CETS in year t, the DID variable equals 1
for year t and all subsequent years and equals 0 for all years before its first inclusion. Firms
that are never included in CETS during the sample period are assigned a DID value of
0 throughout the sample period and constitute the control group. This setting captures
the staggered implementation of CETS across regions and years and helps avoid potential
misclassification that can arise from defining treatment status only by firms’ registered
locations in pilot regions.

3.2.3. Moderating Variables

Enterprise ICL: Measured by the natural logarithm of the internal control index score
plus 1, reflecting the ability of managers to enhance policy implementation accuracy by sup-
pressing opportunistic behavior and to reduce green transition risks through standardized
management [33].

Ginn: Natural logarithm of the number of green patents applied for by the enterprise
plus 1 as an indicator of the level of Ginn, which indicates the ability of enterprises to
internalize green technological achievements in their production efficiency and the dynamic
matching of the allocation of resources with GT [34].
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3.2.4. Control Variables

To isolate the net effect of CETS on the GT of energy-intensive firms, this study controls
for firm-level characteristics across three dimensions. Regarding firm fundamentals, size
and age of the firms are included because larger and longer-established firms tend to
possess greater resource endowment and organizational experience to respond to regulatory
pressure [35]. For financial characteristics, return on assets, current ratio, and intangible
asset ratio are controlled, as profitability, liquidity, and knowledge capital endowment of
a firm jointly shape the capacity to undertake green investment and absorb compliance
costs [36]. Finally, Tobin Q and the largest shareholder ownership ratio are incorporated
to account for the variation in market valuation and the ownership concentration, both of
which influence managerial incentives and the allocation of resources toward long-term
sustainability objectives [37]. Detailed descriptions of the variables are provided in Table 1.

Table 1. Definition and measurement of main variables.

Variable Type Variable Name Symbol Variable Definition

Dependent Variable Green Transformation GT ln (green transformation keywords
frequency + 1)

Explanatory
Variable

Multi-period DID
Policy Shock Treat × Post

Equals 1 for firm i in year t and all
subsequent years after first entering the

carbon emissions trading market; equals 0
for firms that have not entered the market

or for years prior to entry.

Moderating Variable Internal Control Level ICL ln (DIB Internal Control Index score + 1)
Green Technology

Innovation Ginn ln (green patents + 1)

Control Variables

Firm Size Size ln (total assets)

Firm Age Age ln (number of years since companies
established + 1)

Profitability ROA Net income/total assets
Current Ratio CR Current assets/current liabilities

Intangible Asset Ratio Intangible Net intangible assets/total assets
Firm Market Value Tobin Q Market capitalization/total assets

Ownership
Concentration Top1 Shareholding ratio of the

largest shareholder

3.3. Model
3.3.1. Benchmark Regression Model

The benchmark model is specified to identify the net effect of CETS on the GT of
energy-intensive enterprises:

GT(i,t) = α0 + α1DID(i,t) + ∑βkControl(i,t) + µi + λt + ϵ(i,t) (1)

where GT(i,t) is the dependent variable which represents the level of GT of enterprise i
at the t-th year; DID(i,t) is the independent variable, reflecting the shock of CETS on the
enterprise; µi and λt correspond to the firm fixed effect and the year fixed effect; and ϵ(i,t)
is the random error term.

3.3.2. Moderating Effect Model

To examine the moderating effect of internal capabilities and external environmental
factors on the policy transmission process, this study extends the benchmark model (1)
by introducing an interaction term between DID and the moderating variables. This
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moderating effect model enables an examination of how internal capabilities and green
technology moderate the effect of CETS on enterprises’ GT adoption.

GT(i,t) = α0 + α1DID(i,t) + α2DID(i,t) × ICL(i,t) + α3ICL(i,t) + ∑βkControl(i,t) + µi + λt + ϵ(i,t) (2)

GT(i,t) = α0 + α1DID(i,t) + α2DID(i,t) × Ginn(i,t) + α3Ginn(i,t) + ∑βkControl(i,t) + µi + λt + ϵ(i,t) (3)

Equation (2) investigates the moderation provided by internal control (ICL), and
Equation (3) focuses on the moderation from green innovation capability (Ginn). The key
coefficients of interest are the interaction terms, DID × ICL and DID × Ginn; a positive
and significant estimate would signal that the corresponding internal factor strengthens
the positive influence of CETS on enterprise GT. Both models continue to apply the same
control variables and dual fixed effects as in the benchmark regression.

3.3.3. Heterogeneity Analysis Model

Considering that the differences in the external competitive ecosystems faced by
different firms may lead to asymmetric policy implementation effects, this paper conducts
a group test on the entire sample using the Herfindahl–Hirschman Index (HHI) from the
perspective of industry competition intensity. Based on the median HHI of the industries to
which the sample enterprises belong, the full sample is partitioned into high-competition
and low-competition groups, and the benchmark regression model (1) is run separately for
each group.

The enterprise GI is a variable used to measure the “resource endowment” level of
energy-intensive enterprises during the transformation process. In this study, the GI is
defined as:

GIit = 100 × Environmental Investmentit
Operating Revenueit

(4)

This indicator reflects that the enterprise accumulates symbolic capital through re-
source allocation to alleviate financing constraints in the GT process [10] (Ma et al.,
2025 [10]). Considering that the environmental information disclosure of Chinese listed
companies is still in the initial and standardized stage, the disclosure of environmental
protection investment amounts has many non-systematic deficiencies. To ensure the uni-
versality and robustness of the research conclusions, this paper focuses on examining the
heterogeneity impact of policies on enterprises with different disclosure decisions and
distinguishes between the disclosure group and the non-disclosure group. This not only
captures the sensitivity of enterprises to regulatory pressure but also reflects their strategic
motives for obtaining organizational legitimacy under CETS regulation.

4. Empirical Analysis
4.1. Statistical Description

Table 2 summarizes the descriptive statistics for the primary variables included in
the analysis. The mean (2.6842) and median (2.8129) of the dependent variable are close,
suggesting a relatively balanced distribution across enterprises. The considerable differ-
ence between the minimum value of 0.0000 and the maximum of 4.5768 demonstrates
clear disparities in GT performance across the sampled enterprises. The core explanatory
variable, DID, shows a small mean (0.1114) and median (0.0000), reflecting that only a
limited proportion of enterprises are treated under the policy. Green innovation (Ginn)
and internal control (ICL) display right-skewed distributions, with most firms exhibiting
low values in Ginn, while ICL shows limited dispersion with a small standard deviation
(0.6219), indicating relatively consistent ICL across firms.
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Table 2. Descriptive statistics of main variables.

Variable N Mean Std. Dev. Median Min Max

GT 6063 2.6842 0.9383 2.8129 0.0000 4.5768
DID 6063 0.1114 0.3372 0.0000 0.0000 1.0000
ICL 6063 7.2992 0.6219 7.3678 0.0000 7.6914

Ginn 6063 0.3650 0.7819 0.0000 0.0000 3.6882
Intangible 6063 0.0484 0.0361 0.0401 0.0000 0.2327

Size 6063 25.4780 1.6145 25.2084 22.5893 29.8386
CR 6063 2.4556 2.5542 1.6312 0.2335 15.7021

ROA 6063 0.0474 0.0583 0.0436 −0.2298 0.2256
Age 6063 3.3734 2.5484 3.3331 0.7846 4.0246

Tobin Q 6063 1.9319 1.1049 1.5982 0.7032 14.6947
Top1 (%) 6063 40.5370 17.8588 38.0239 3.8375 93.2835

Furthermore, regarding the industry distribution of 529 sampled enterprises, the
chemical raw materials and chemical products manufacturing sector accounts for the
largest proportion of 52.36%, followed by the non-metallic mineral products manufacturing
sector of 17.01%. The electricity and heat production and supply sector accounts for 11.72%,
as does the non-ferrous metal smelting and rolling processing sector. The rest of the
firms belong to the ferrous metal smelting and rolling processing sector (4.91%) and the
petroleum processing, coking, and nuclear fuel processing sector (2.27%). This distribution
reflects the realistic composition of key energy-intensive sectors regulated by China’s CETS,
confirming the representativeness of the sample.

To further assess potential multicollinearity among the explanatory variables, Table 3
reports the correlation matrix. The results show that the pairwise correlation coefficients
among the variables are generally low. In addition, this study conducts variance infla-
tion factor (VIF) tests, with VIF values ranging from 1.03 to 1.78 and a mean VIF of
approximately 1.22. These results indicate that multicollinearity is not a serious concern in
this study and is unlikely to bias the regression estimates.

Table 3. Correlation matrix.

Variable GT DID Ginn ICL Intangible Size CR ROA Age Tobin Q Top1

GT 1

DID 0.130
*** 1

Ginn 0.175
***

0.120
*** 1

ICL 0.005 0.021 0.016 1

Intangible 0.030
** 0.017 −0.005 −0.008 1

Size 0.317
***

0.091
***

0.262
***

0.027
*

−0.073
*** 1

CR −0.135
***

−0.031
**

−0.095
***

0.034
**

−0.095
***

−0.457
*** 1

ROA 0.019 0.039
*** 0.021 0.118

***
−0.033

**
−0.100

***
0.288

*** 1

Age −0.039
***

0.052
***

0.055
*** −0.004 −0.036

**
0.203

***
−0.357

***
−0.187

*** 1

Tobin Q −0.164
***

−0.060
***

−0.079
*** 0.004 0.049

***
−0.413

***
0.227
***

0.221
***

−0.202
*** 1

Top1 (%) 0.064
***

0.032
**

0.112
***

0.059
***

−0.104
***

0.272
***

−0.059
*** 0.012 0.106

***
−0.165

*** 1

Note: *** significance at 1% level. ** significance at 5% level. * significance at 10% level.
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4.2. Benchmark Regression Results

Table 4, column (1), presents the benchmark regression estimates of the effect of CETS
on the GT performance of energy-intensive firms. Enterprise fixed effects, year fixed effects,
and control variables were included. The DID coefficient was 0.1504, which was significant
at the 5% significance level. This indicates that under the CETS, the GT level of energy-
intensive enterprises was significantly higher than that of the control group enterprises,
thereby verifying Hypothesis H1.

Table 4. CETS and GT: benchmark regression and moderating effects.

Variables (1) Benchmark
Regression

(2) Internal
Governance: ICL

(3) Technical
Support: Ginn

DID 0.1504 **
(0.0599)

0.1468 *
(0.0778)

0.1485 *
(0.0846)

DID × ICL 0.1055 **
(0.0501)

DID × Ginn 0.1152 **
(0.0523)

ICL 0.0727
(0.0478)

Ginn 0.0855 ***
(0.0321)

CR −0.0156 **
(0.0076)

−0.0114 *
(0.0066)

−0.0114 *
(0.0067)

ROA 0.4023
(0.3170)

0.3719
(0.3340)

0.3807
(0.3327)

Age −0.0026
(0.0034)

−0.0029
(0.0034)

−0.0032
(0.0034)

Tobin Q −0.0409 **
(0.0181)

−0.0413 **
(0.0186)

−0.0428 **
(0.0185)

Intangible 1.0668 *
(0.5515)

1.1786 **
(0.5725)

1.1460 **
(0.5633)

Size 0.1763 ***
(0.0217)

0.1854 ***
(0.0214)

0.1753 ***
(0.0228)

Top1 0.0171 *
(0.0128)

0.0247 *
(0.0146)

0.0218 *
(0.0121)

Firm FE Yes Yes Yes
Year FE Yes Yes Yes

Observations 6063 6063 6063
R-squared 0.3928 0.4172 0.4159

Note: Standard errors are given in parentheses: *** significance at 1% level, ** significance at 5% level, * significance
at 10% level.

4.3. Results of Moderation Effects

Table 4, columns (2) and (3), respectively, examine the moderating effects of the ICL
and Ginn on the relationship between CETS and enterprises’ GT.

Column (2) shows the moderating effect of the ICL. The estimated coefficient of the
interaction term DID × ICL is 0.1055. The coefficient is positive and statistically significant
at the significance level of 5%. This indicates that the higher the ICL of enterprises, the
stronger the positive promoting effect of CETS on enterprises’ GT. This result strongly
supports Hypothesis H2a. This finding suggests that a well-established internal control
system can effectively strengthen the transmission mechanism of CETS: On the one hand, a
sound internal control system helps enterprises precisely control their carbon emissions
within the carbon emission quota, reducing the cost of participating in the carbon market;
on the other hand, internal control can effectively transform external policy pressure into
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internal green investment decisions, thereby amplifying the incentive effect of carbon
market policies.

Column (3) reported that the estimated coefficient of DID × Ginn was 0.1152, which
was also significantly positive at the 5% significance level, indicating that the stronger
the green innovation capability of enterprises, the greater the promoting effect of carbon
emission rights trading policies on enterprises’ GT. This result strongly supports Hypothesis
H2b. This finding indicates that green innovation capability constitutes an important
prerequisite for the effectiveness of carbon market policies: Enterprises with strong green
technology accumulation can respond to carbon market incentives at a lower cost, transform
policy pressure into technological advantages, and thereby achieve higher-quality GT under
carbon market constraints, further verifying the positive moderating effect of technological
capabilities in the policy transmission process.

4.4. Heterogeneity Analysis Results

Table 5 groups the samples based on two dimensions: market competition intensity
and corporate GI to test the heterogeneity characteristics of policy effects.

Table 5. Cross-sectional heterogeneity.

Variables

Market Competition Heterogeneity GI Disclosure Heterogeneity

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

GT
Competition Low

GT
Competition High

GT
Undisclosed

GT
Disclosed

DID 0.0848 0.1847 *** 0.0636 0.0895 ***
(0.1007) (0.0672) (0.0429) (0.0324)

Controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

Observations 3031 3032 4873 1190
R-squared 0.4108 0.4166 0.3831 0.3751

Note: Standard errors are given in parentheses: *** significance at 1% level.

Regarding market competition heterogeneity, this paper divides the samples into a
low competition group (column (1)) and a high competition group (column (2)) based on
the median of the Herfindahl–Hirschman Index (HHI). The results show that the coefficient
of the DID term is 0.1847 in the high competition group, and it is statistically significant at
the 1% level; while in the low competition group, the coefficient is 0.0848, and it fails to
pass the significance test. This indicates that the promotion effect of CETS on corporate GT
is more significant in industries with higher competition intensity. The possible mechanism
is that intense competition puts enterprises under greater survival pressure, and policy
shocks are more likely to force enterprises to enhance GT as a substantive response to
external environmental pressure in order to maintain competitive advantages.

Regarding GI heterogeneity, this paper groups the samples based on the disclosure of
green investment information in the enterprise annual reports. Since GI is measured by
the ratio of green investment amount 100 to operating income, and the country has not
yet mandated enterprises to disclose green investment information, enterprises that have
not disclosed green investment usually indicate a very low or even zero green investment
scale, and thus their GI level is also correspondingly lower, while enterprises that actively
disclose in the annual reports usually have certain green investment accumulation and
a relatively higher GI. Based on this, column (3) and column (4) correspond to the low
GI group (no disclosure) and the high GI group (disclosure). For enterprises with a high
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GI, the estimated coefficient of DID is 0.0895, significant at the 1% level. By comparison,
in the low GI group, the coefficient decreases to 0.0636 and is not statistically significant,
highlighting the moderating role of GI in shaping the impact of CETS on GT. This result
indicates that enterprises with a certain GI foundation respond more positively to green
policies, and the policy incentive effect is more fully released in the group of enterprises
with a higher GI, while enterprises with a weak GI, due to insufficient green investment
accumulation, find it difficult to obtain significant productivity improvement from the
policy in the short term.

5. Robustness Test
To verify the robustness of the empirical findings regarding the effect of CETS on GT

in energy-intensive firms and to mitigate potential biases from sample selection, model
choice, or variable measurement, this study extends the benchmark DID regression and
incorporates moderating and heterogeneity analyses. Robustness is assessed through
multiple approaches. These include the parallel trend test, a PSM-DID model, a placebo
test, and the use of alternative dependent variables. All tests are based on the unbalanced
panel data after annual trimming from 1% to 99%, control for firm-specific fixed effects
and year-specific fixed effects, and perform enterprise-level clustering adjustment on
standard errors.

5.1. Parallel Trend Test

The parallel trend test is a prerequisite for the DID model, meaning that the green
transition trends of the treatment group and the control group should remain consistent
before the implementation of the policy. The model is constructed as follows:

GTit = α0 + α1

11

∑
t=−6

DIDi,t + γXit + µi + λt + εit (5)

Figure 3 reports the DID coefficient estimates, which are employed to examine the
parallel trend assumption. In the pre-CETS period, the coefficients hovered around zero
without reaching significance, implying that the experimental and control groups exhibited
consistent trends. Once CETS was implemented, the coefficients showed a pronounced
departure from zero, confirming that the parallel trend condition holds for this sample.

Figure 3. Parallel trend test and dynamic marginal effects. The vertical red dotted line indicates the
implementation year of the CETS (Relative Year = 0).
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5.2. Placebo Test

To rule out potential interference from unobserved random factors affecting the GT
process, a placebo test is employed to verify the robustness of the benchmark regression
results. In this procedure, enterprises equal in number to the actual treatment group are
randomly assigned to form a pseudo-treatment group, while the remaining firms constitute
a pseudo-control group. These groups are then analyzed using the baseline DID model. The
random assignment is repeated 500 times, and the corresponding regression coefficients
and p-values for the pseudo-policy shocks are recorded.

The test results show that the coefficient values of 500 random regressions fluctuate
around zero (Figure 4). The kernel density distribution exhibits typical characteristics
of a normal distribution, and most of the coefficients are not significant. However, the
benchmark regression coefficient of 0.1504 is substantially larger than those obtained from
the placebo regressions and lies in the extreme right tail of the simulated distribution.
This pattern is reasonable because the placebo test randomly assigns treatment status
to firms, which breaks the actual link between CETS exposure and firms’ GT responses.
In this case, the pseudo-policy shocks should not generate a systematic effect, so their
estimated coefficients are expected to fluctuate around zero. By contrast, the benchmark
coefficient is estimated based on firms’ actual exposure to CETS. It is much larger magnitude
therefore suggests that the observed effect is unlikely to result from random shocks or
model specification bias, but instead reflects the actual impact of CETS on firms’ GT. Overall,
the placebo test provides further evidence that the benchmark findings are not driven by
chance and supports the robustness of the main conclusions.

Figure 4. Distribution of coefficients and p-values from the placebo test. The vertical red line indicates
the baseline regression coefficient (0.1504).

5.3. PSM-DID Model

To address the potential biases caused by a non-random sample selection and grouping,
this study uses the PSM-DID approach for robustness testing. To improve the comparability
between treated and control firms, a Logit model is employed to calculate propensity scores,
which are then used in a kernel matching procedure to generate comparable control samples
for the experimental group. Once the balance assumption is satisfied, the matched samples
are incorporated into model (1) for re-estimation.
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To verify the validity of the matching procedure, a covariate balance test was con-
ducted before and after matching. Results indicate that the standardized mean differences
in all matching variables are substantially reduced after matching. In particular, the ab-
solute standardized biases of all covariates are smaller than 5%, and the corresponding
t-tests become statistically insignificant. These results suggest that the matching procedure
effectively improves the comparability between treated and control firms and satisfies the
balance requirement for subsequent PSM-DID estimation. Detailed balance diagnostics are
listed in Appendix A (Table A1).

The PSM-DID estimation yields a DID coefficient of 0.1391, which remains positive
and statistically significant at 10%. Compared with the benchmark estimate of 0.1504,
the magnitude of the coefficient decreases slightly but remains economically meaningful.
This finding suggests that the positive effect of CETS on the GT of energy-intensive firms
persists even after controlling for potential sample selection bias. Therefore, the benchmark
conclusion is robust and is unlikely to be driven by systematic differences between treated
and control firms.

5.4. Goodman-Bacon Decomposition Analysis

Given that this study adopts a staggered DID design in which firms enter CETS in
different years, the conventional two-way fixed effects (TWFE) estimator may be affected
by heterogeneous treatment effects. To address this concern, this study further applies
the Goodman-Bacon decomposition method to decompose the TWFE estimator in the
benchmark regression and examine whether the estimated effect is mainly driven by
potentially problematic comparisons [38]. The Goodman-Bacon decomposition results are
shown in Figure 5.

Figure 5. Goodman-Bacon decomposition of the TWFE estimator.

Green diamonds represent comparisons between treated and never-treated firms,
yellow squares represent comparisons between treated and not-yet-treated firms, and red
triangles represent comparisons between treated and already-treated firms. Horizontal axis
is the weight assigned to each 2 × 2 DID comparison in the overall TWFE estimate, while
the vertical axis is the corresponding 2 × 2 DID estimate.
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Results show that comparisons between treated and never-treated firms receive rela-
tively larger weights and constitute the main source of identification for the TWFE estimate.
In contrast, comparisons between treated and already-treated firms generally receive
weights close to zero, indicating that these potentially problematic comparisons contribute
marginally to the overall estimation. This suggests that the benchmark regression results
are not mainly driven by comparisons using already-treated firms as controls, and that
the risk of severe bias caused by heterogeneous treatment effects under the staggered
DID design is limited. Therefore, the Goodman-Bacon decomposition provides additional
support for the robustness of the main findings.

5.5. Replacement of the Dependent Variable

To further validate the robustness of the findings, the study substitutes the original
dependent variable with alternative measures. The benchmark regression uses a keyword
frequency approach to construct a comprehensive index of firms’ GT. While this index
effectively captures strategic and managerial transformation trends, potential measurement
errors arising from deliberate “greenwashing” practices may exist. To address this, the
study integrates the specific objectives of CETS and applies a carbon emission intensity
index (CEI):

CEIi,t =
Carbon Emissionsi,t

Operating Incomei,t/10, 000
(6)

The regression results reported in column (2) of Table 6 indicate that, after substituting
the quantitative indicators, the DID coefficient is −0.0646 and statistically significant at the
5% level. This suggests that the policy has effectively prompted firms to reduce their carbon
emission intensity while achieving substantive improvements in GT, thereby mitigating
potential measurement errors associated with the benchmark indicators.

Table 6. Results of PSM-DID estimation and alternative dependent variable tests.

Variables PSM-DID Carbon Intensity Total Profit

DID 0.1391 * (0.0731) −0.0646 ** (0.0269) 0.4093 ** (0.1789)
Controls Yes Yes Yes

Province FE Yes Yes Yes
Year FE Yes Yes Yes

Industry FE Yes Yes Yes
Observations 6063 4531 6063

R-squared 0.4188 0.7528 0.5389
Note: Standard errors are given in parentheses: ** significance at 5% level, * significance at 10% level.

To further verify the robustness of the benchmark regression results, this study replaces
the dependent variable of GT with the enterprise total profit indicator for regression
analysis. The total profit of enterprises serves as an indicator of changes in their economic
performance and adjustments in profitability following CETS implementation. In the
regression results presented in column (3) of Table 6, the DID coefficient is 0.4093 and
statistically significant at the 5% level. This finding indicates that, after the implementation
of the CETS, the total profit of the affected enterprises has increased substantially. The
result further suggests that the CETS not only encourages firms to engage in strategic
investments in green technology but also incentivizes continuous green production and
investment, thereby enhancing the economic sustainability of GT initiatives. In addition,
the total profit replacement test eliminates the possible interference of the benchmark
regression caused by index construction errors. Even if the enterprise profitability is used
as the measurement standard, the policy effect is still robust, which further enhances the
reliability of the research conclusion.
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6. Discussion and Conclusions
6.1. Discussion

A persistent debate in environmental economics revolves around whether stringent
emission regulations stifle corporate competitiveness or stimulate strategic upgrading.
Empirical analysis in this study validates the first hypothesis, providing clear micro-level
evidence that China’s CETS goes beyond serving as a simple administrative penalty. By
internalizing the environmental costs of carbon, the trading scheme fundamentally shifts
the cost–benefit calculus for energy-intensive firms. Rather than passively absorbing
compliance costs, management is compelled to reallocate internal resources toward long-
term carbon asset optimization, capturing the economic premium of surplus quotas to fuel
operational transformation.

Furthermore, the effectiveness of such market-based environmental policies is far
from automatic. Validating the second set of hypotheses, the results open the “black
box” of policy transmission to reveal that organizational friction often dictates a firm’s
adaptive success. It is found that robust internal control systems are vital in suppressing
managerial myopia. Without such governance, management might resort to short-term
financial maneuvering rather than committing to the structural shifts required for genuine
transformation. On the technical front, a firm’s pre-existing baseline of green technology
determines its transformation efficiency. This technological readiness allows them to
upgrade their production processes at a substantially lower cost, thereby accelerating their
overall GT.

Finally, confirming the third set of hypotheses, the findings illustrate that the impact
of CETS is highly context-dependent. A particularly interesting dynamic emerges in highly
competitive markets: when firms lack the pricing power to shift carbon compliance costs
onto downstream buyers, survival pressure pushes them to accelerate GT to carve out a
differentiated competitive edge. Moreover, in the face of the massive financing gaps often
created by these structural shifts, a firm’s historical GI acts as a crucial strategic buffer. This
intangible capital effectively lowers information asymmetry with external stakeholders,
smoothing the path for deep-level green investments.

6.2. Conclusions

This study investigates the China Carbon Emission Trading System (CETS) by analyz-
ing 529 listed firms from six major energy-intensive industries over the period 2007–2024. A
multi-period difference-in-differences (DID) approach is applied to empirically examine the
driving effects and operational mechanisms of CETS on enterprises’ green transformation
(GT). The main research findings are summarized as follows.

First, the evidence indicates that CETS effectively promotes firms’ GT. Empirical
results show that CETS, through the price discovery mechanism and cost constraints, sig-
nificantly prompts energy-intensive enterprises to achieve GT. After a series of robustness
tests, including parallel trend test, PSM-DID, placebo test, and substitution of dependent
variables, this conclusion remains robust.

Second, internal control and green technological innovation (Ginn) strengthen the
effect of CETS on GT. Internal control, as the core of micro-level governance, significantly
amplifies the positive impact of CETS on GT by reducing agency costs and optimizing the
environmental decision-making process. This suggests that strong “governance precision”
serves as a critical mechanism for translating policy pressure into GT’s momentum. Ginn,
as the “technical foundation” for enterprises to cope with carbon quota constraints, signifi-
cantly enhances the driving efficacy of the policy. Enterprises with strong technological
innovation reserves can better hedge against carbon costs through technological iteration
and achieve higher-quality GT.
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Third, the effect of CETS is heterogeneous across industry competition levels and
GI profiles. The effectiveness of CETS varies under different competitive scenarios. In
industries with intense competition (where the HHI is low), enterprises have a stronger
motivation to seek “differentiated competition” through GT, thus they are more responsive
to policy signals. GI, as an important reputation capital for enterprises, can play a positive
guiding role. Enterprises with a good green reputation can more effectively alleviate
financing constraints when facing policy shocks, thereby demonstrating a significant effect
on the GT path.

6.3. Policy Recommendations

Based on the above findings, this article puts forward the following suggestions,
aiming to provide a reference for the further reform of the CETS.

First, the government should further optimize the quota allocation schemes for the
six major energy-intensive industries, ensuring that the carbon price signal can effectively
penetrate industry barriers and reach the decision-making levels of enterprises. At the
same time, targeted green transition monitoring indicators should be established to prevent
enterprises from using information asymmetry to engage in “greenwashing”.

Second, encourage energy-intensive enterprises to enhance their environmental com-
pliance while improving the quality of internal control to optimize resource allocation
and increase financial support and patent protection for green technologies in key ar-
eas, enabling enterprises to achieve the transition from “passive compliance” to “active
transformation” through technological means.

Third, when implementing the carbon trading policy, attention should be paid to
the imbalance of the industry competition environment. More support for GT should be
provided to low-competitive industries. At the same time, enterprises should be guided
to establish environmental credit files, and the green reputation premium mechanism
should be utilized to attract social capital to flow towards energy-intensive enterprises with
outstanding GT performance.

6.4. Limitations and Future Research

Although this study provides robust empirical evidence, several main limitations
must be acknowledged to inform future research.

There are methodological limitations associated with the robustness checks. While
the PSM-DID strategy is appropriately employed to mitigate sample selection bias, its
validity intrinsically depends on the strict satisfaction of parallel trends, the quality of
PSM-DID, and the comprehensive selection of observable control variables. Due to current
limits on corporate environmental disclosure, the potential interference of unobservable
confounding factors cannot be entirely eliminated. Future studies could leverage more
granular internal corporate micro-survey data or quasi-natural experiments from future
policy rollout phases to further isolate the net policy effects.

Second, limitations remain regarding the sample coverage of this study. As discussed
previously, while A-share listed companies are the primary targets of CETS and account
for a substantial share of carbon emissions, they do not encompass the entire corporate
population. Non-listed small and micro-sized energy-intensive enterprises, which often
face fundamentally different financial constraints and technical capacities, are currently
excluded due to data limitations. Future research could incorporate data from these entities
to evaluate whether the mechanisms identified in large listed firms universally apply across
a broader range of industries and enterprise types.

In addition, this paper primarily investigates the direct operational effects on focal
enterprises. How the compliance pressure from the carbon market is transmitted through
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the supply chain to upstream and downstream partners, and whether this dynamic leads
to “pollution transfer” or “collaborative emission reduction”, such questions still require in-
depth exploration. Furthermore, with the ongoing expansion of the national carbon market,
subsequent research should track the impact of carbon assetization on the long-term strate-
gic behavior of enterprises to uncover more sustainable green development momentum.
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Abbreviations

CETS Carbon Emissions Trading System
GT Green Transformation
GI Green Image
DID Difference-in-Differences
PSM Propensity Score Matching
HHI Herfindahl–Hirschman Index
TWFE Two-Way Fixed Effects
ICL Internal Control Level
Ginn Green Technological Innovation
ROA Return on Assets
CR Current Ratio
Top1 Largest Shareholder Ownership Ratio
PC Pollution Control
MM Monitoring Management
PI Publicity Initiatives
SC Strategic Concepts
TI Technological Innovation

Appendix A

Table A1. Covariate balance diagnostics before and after matching.

Variables Sample Treated Control Bias (%) Bias Reduction (%) t p

Intangible Unmatched 0.043 0.038 0.6 0.157 0.875
Matched 0.043 0.044 −0.1 83.33 −0.008 0.994

Size
Unmatched 23.093 22.445 46.6 11.644 0.000

Matched 23.093 23.042 3.3 92.92 0.204 0.843

CR
Unmatched 1.943 2.190 −11.5 −3.001 0.003

Matched 1.943 1.955 −0.6 94.78 −0.155 0.877

ROA
Unmatched 0.042 0.035 3.9 0.213 0.831

Matched 0.042 0.041 0.9 76.92 0.006 0.995
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Table A1. Cont.

Variables Sample Treated Control Bias (%) Bias Reduction (%) t p

Age Unmatched 19.169 18.665 5.7 1.343 0.180
Matched 19.169 19.473 −3.4 40.35 −0.319 0.755

Tobin Q
Unmatched 1.492 1.730 −27.5 −7.889 0.000

Matched 1.492 1.511 −2.6 90.55 −0.055 0.956

Top 1 (%) Unmatched 37.784 35.583 13.6 3.268 0.001
Matched 37.784 37.512 4.6 66.18 0.253 0.805
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