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Abstract

With the further deterioration of the global ecological environment and increased market
competition, promoting the green transformation (GT) of heavily polluting companies with
high consumption and emissions, and environmental damage has been an inevitable trend
in green development. The public is becoming increasingly concerned about whether envi-
ronmental information disclosure (EID) can drive the green transformation of heavy pollut-
ers. Based on the annual data of A-share listed companies with heavily pollution from 2011
to 2020, this study scores EID according to 30 environmental disclosure indexes (total 30
points) and investigates nonlinear regression to examine the impact of EID on GT and the
moderating effect of market competition. Research has found a positive U-shaped relation-
ship between EID and GT. When the level of EID exceeds 3 points (inflection point), it will
have a positive impact on GT. Market competition flattens the positive U-shaped relation-
ship, and the inflection point shifts to the right. The inflection point for EID rises from 3 to
4. The mean level of EID of heavy polluters is close to 7, which is low overall. However,
most of the them have already exceeded the inflection point. This study provides new lit-
erature and perspectives on the nonlinear relationship between EID and GT. The findings
provide intrinsic motivation for managers to take the initiative in EID and are also relevant
for promoting the green transformation of heavy polluters, government regulation of the
market, and sustainable human development.
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1 Introduction

The Intergovernmental Panel on Climate Change has released a report that global surface
temperatures between 2011 and 2020 have risen by 1.09 °C compared to the industrial
revolution, of which approximately 1.07 °C was attributed to human activities. This has led
to an increasing frequency of extreme weather events. In 2020, Rockstrom pointed out that
mankind will face a critical point in the ecological environment, and that the next 10 years
will be a crucial period to change the deterioration of the ecological environment. In addi-
tion to climate change, scholars have studied the effects of environmental pollution on soil
(Turan et al., 2019; Zhou et al., 2020). They found that heavy metals such as lead (Turan,
2020), cadmium (Zheng et al., 2020), nickel (Turan, 2021, 2022), and hydrargyrum (Xiang
et al., 2021) negatively affect soil health as well as crop quality, which directly contrib-
ute to serious health problems in humans and animals (Turan, 2019). Turan et al. (2019)
and Igbal et al. (2023) found that biochar and magnesium—potassium phosphate cement,
among others, can reduce plant uptake of heavy metals. It can be seen that the disadvan-
tages brought to mankind by environmental pollution are endless. Only by insisting on
the harmonious coexistence of man and nature is the basic guideline for global economic
development (Alvarado et al., 2022). Currently, an emerging topic of public concern is the
manner in which the relationship between environmental protection and economic devel-
opment should be dealt with to achieve a positive interaction. This was the motivation for
the research undertaken in this study.

From the ancient Eastern Zhou Dynasty, China has been promoting “the rules of nature
and uniting human and universe” to the modern 20th National Congress report, which pro-
poses “promoting green development and harmonious coexistence between humanity and
nature.” China has emphasized the importance of respecting, responding to, and protecting
nature. In the past 40 years, China’s economy has grown violently. However, this rough
economic development model has eventually led to the continuous destruction of the envi-
ronment (Minh Ha et al., 2023). Heavily pollution companies are the primary producers of
environmental pollution. Because of its high consumption, emissions, and environmental
damage, it is the focus of China’s green development (Li et al., 2023). Promoting the green
transformation (GT) of heavily polluting companies is of great value in realizing green and
sustainable development in China.

Exploring the path of sustainable development has always been a persistent goal of
humankind (Hristov & Chirico, 2023). Scholars from different countries have found
that environmental and governance performance is negatively related to financial
performance in Indian Nifty50 firms (Rao et al., 2023). Environmental, Social, and
Governance (ESG) is an indicator that can be used to evaluate a firm’s sustainabil-
ity capabilities (Ahmad et al., 2023). ESG not only increases the enterprise value and
financial performance of the US companies (Habib, 2022; Habib & Mourad, 2023), but
also reduces the likelihood of financial distress (Habib, 2023). The implementation of
environmental management accounting has positively affected organizational perfor-
mance in large manufacturing firms in Indonesia (Sari et al., 2021). This shows that
having excellent environmental performance has a positive impact on the sustainabil-
ity of companies in many countries. Environmental information, an important public
information for governance companies’ green innovation, plays a vital role in support-
ing environmental sustainability, promoting the efficient use of resources, and guid-
ing companies to pay attention to environmental protection (Prasad et al., 2017). As
an important way for the government and the public to supervise the environmental
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behavior of companies, EID is of great significance in promoting the implementation
of their environmental responsibility. China’s new Environmental Protection Law was
enacted in 2015. For the first time, heavily polluting companies were required to dis-
close basic and emission information in the form of legislation. The Administrative
Measures for the Legal Disclosure of Enterprise Environmental Information, imple-
mented in 2022, also requires key emission units to disclose eight types of environ-
mental information, including environmental management and pollutant generation.
This indicates that China is paying increasing attention to heavily polluting companies’
EID. Due to the continuous improvement of laws and regulations on environmental
protection issues, companies face multiple pressures from the government and the pub-
lic. This forces the management to pay more and more attention to corporate environ-
mental management.

Affected by the deterioration of the global environment, the international competi-
tive situation intensified, as did market competition (MC). Market competition, as an
external governance mechanism, mainly influences companies’ decisions and behav-
iors through interaction with their internal governance system. Due to the influence of
market competition, the average resource allocation ratio of the industry is reduced.
The market will manage the resource allocation of companies more strictly. In addi-
tion, with the growth of competitors in the market, the disclosure risk factor increases
when firms disclose information externally (Luo et al., 2022).

In summary, this study examined the following questions:

RQ1. Can EID promote GT among Chinese heavy polluters?

RQ2. How does EID affect the GT?

RQ3. What is the impact of EID on firms’ GT under different intensities of market
competition?

Based on the annual data of A-share listed companies with heavily pollution from
2011 to 2020, this study investigates nonlinear regression to examine the impact of
EID on GT and the moderating effect of market competition. It aims to explore the
effective way of human sustainable development. The contributions of this paper are
shown below: First, this paper finds a positive U-shaped relationship between EID and
GT. When the level of EID exceeds 3 points, there is a positive relationship with GT.
This provides new literature and perspectives on the nonlinear relationship between
EID and GT. Second, based on transaction cost theory, signaling theory, and market
pressure hypothesis, this study analyzes that the effects of EID on GT are dissected
from three aspects: cost, resources, and supervision effects. It improves the strong the-
oretical support for the article and helps to deeply understand the economic benefits
generated by EID, thus stimulating the intrinsic motivation of companies to improve
the level of EID. Third, this study explores effective green transformation methods
for heavily polluting companies, which can promote the benign interaction between
environmental protection and economic development, and help China and the world
achieve sustainable development of the green economy. Finally, the study found that
market competition makes the U-shaped relationship between EID and GT flatter, with
the inflection point of EID to rise from 3 to 4 points. This suggests that fierce market
competition is not conducive to companies achieving green transformation. The find-
ing provides data support for the implementation of market competition strategies by
heavily polluting companies.
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2 Literature review
2.1 Environmental information disclosure and green transformation

Green transformation is a major proposition for sustainable socio-economic develop-
ment. Many scholars have studied the environmental and economic benefits of green
innovation. It is found that green innovation not only promotes the consumption of
renewable energy (Zhang et al., 2022), but also reduces carbon emissions and atmos-
pheric pollution (Obobisa et al., 2023; Zhao et al., 2023). Green innovation can also
bring positive impacts on enterprise sustainable development (Agyemang et al., 2021;
Minh Ha et al., 2023) and green economic benefits (Ren et al., 2023). With regard to
exploring effective ways of green transformation, scholars have researched a variety
of aspects such as external stakeholders and social activities (Jiang et al., 2023; Mo
et al., 2022). Some scholars have found that ESG can promote green innovation in firms
(Wang et al., 2023). ESG is a comprehensive score based on a firm’s environmental,
social, and governance, which is an indicator that can be used to evaluate a firm’s sus-
tainability capabilities (Ahmad et al., 2023). However, few studies have singled out the
impact of environmental information on green innovation.

According to the international development trend, investors will have more trust in the
investment strategies of companies for "environmental protection and environmental gov-
ernance.”" Disclosing more comprehensive environmental information can help companies
to alleviate problems such as information asymmetry (Li et al., 2023), improve energy effi-
ciency (Wang & Shao, 2023), promote the development of regional green finance (Hou
et al., 2023), increase the value of companies (Pedron et al., 2021), improve the financial
performance of banks (Xi et al., 2022), and provide regional green total factor productivity
(Zhao & Chen, 2022).

2.2 Market competition

Market competition (MC) is an external governance mechanism. As market competition
increases, some scholars believe that water disclosure will rise and then fall (Zhou et al.,
2020), while others believe that companies will disclose less information (Luo et al., 2022).

There are generally four views in the academic community about the impact of MC and
enterprise innovation. First, there is a positive effect of MC on firms’ innovation. Arrow
(1972) argues that innovation can help firms to achieve cost competitive advantage in the
competition and make innovative profits, which, in turn, will promote managers to acceler-
ate the pace of innovation. Yan et al. (2022) argued that competition improves the over-
all quality of innovation by improving the allocation of innovative resources. Competition
has a positive impact on new product development (Dagar & Malik, 2023). Second, the
MC has a negative impact on firms’ innovation. Schumpeter (1942) argued that substantial
investment is required to carry out corporate innovation activities. Therefore, in the compe-
tition, whether to choose long-term or short-term benefits, many management will choose
the latter (Guo et al., 2022). Excessive competition will negatively affect innovation speed
(Briest et al., 2020), green innovation (Im et al., 2015), and innovation efficiency (Shi &
Shen, 2022). Third, there is a nonlinear positive U-shaped relationship between MC and
firm innovation (Huang & Chen, 2022). Meza-Gonzalez and Sepulveda (2019) conclude
that there is a positive U-shaped relationship between foreign competition and innovation
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among Mexican manufacturing firms. Finally, some scholars found an inverted U-shaped
relationship between MC and corporate innovation (Suzuki, 2020).

In summary, this paper summarizes recent references on environmental disclosure, mar-
ket competition, and green transformation, as shown in Table 1.

3 Theoretical, conceptual framework, and hypothesis
3.1 Environmental information disclosure and green transformation

Based on transaction cost theory, signaling theory, and market pressure hypothesis,
this study analyzes that the effects of EID on GT are dissected from three aspects: cost,
resources, and supervision effects. Environmental information is a kind of publicly dis-
closed information with green development attributes and is currently in the transition
stage from voluntary to mandatory disclosure. Companies have a certain degree of auton-
omy in EID (Prasad et al., 2017). Green innovation focuses on ecological environmental
protection and sustainable development, also known as eco-innovation or environmental
technological innovation, and refers to new technologies for energy conservation, pollution
control, and green services (Sun et al., 2020). Green innovation is characterized by large

Table 1 Recent literature on environmental information disclosure, market competition, and green transfor-
mation

Environmental information EID can increase company value (Pedron et al., 2021)
disclosure (EID) EID improves financial performance of banks (Xi et al., 2022)

EID improves regional green total factor productivity (Zhao & Chen, 2022)

EID reduces information asymmetry (Li et al., 2023)

EID improves energy efficiency (Wang & Shao, 2023)

EID can facilitate the development of green finance (Hou et al., 2023)

Green transformation (GT) Green innovation (GI) can contribute to sustainable business development
(Agyemang et al., 2021; Minh Ha et al., 2023)

GI promotes renewable energy consumption (Zhang et al., 2022)

Fulfilling social responsibility promotes GI (Jiang et al., 2023; Mo et al., 2022)
Gl increases green economic benefits (Ren et al., 2023)

GI can reduce carbon emissions (Obobisa et al., 2023; Zhao et al., 2023)

ESG can promote GI (Wang et al., 2023)

Market competition (MC)  MC is negatively correlated with innovation (Briest et al., 2020; Im et al.,
2015; Schumpeter, 1942; Shi & Shen, 2022)

MC and innovation are positively correlated (Arrow, 1972; Dagar & Malik,
2023; Yan et al, 2022)

A positive U-shaped relationship between MC and GI (Huang & Chen, 2022;
Meza-Gonzalez & Sepulveda, 2019)

An inverted U-shaped relationship between MC and firm innovation (Suzuki,
2020)

MC is negatively related to corporate disclosure (Luo et al., 2022)
MC can inspire short-sighted behavior in management (Guo et al., 2022))

EID Environmental information disclosure; GT Green transformation; MC Market competition; GI Green
innovation; and ESG Environment, social, and governance
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capital requirements, long cycles, and high uncertainty, as the management is relatively
cautious in making relevant decisions (Xiao et al., 2019).

First of all, the transaction cost theory suggests that firms incur information creation,
transmission, and proprietary costs when disclosing information (Lu et al., 2020). The EID
increases the cost of business investment in pollution abatement and environmental pro-
tection (Gao et al., 2023), and environmental information transfer and proprietary costs
(Hermalin & Weisbach, 2012). These costs can crowd out some of the resources of the
company. Secondly, according to the signaling theory, EID can send a signal to society that
the company attaches importance to environmental protection (Kuo et al., 2015), which
helps stakeholders to have a comprehensive understanding of the firm’s environmental per-
formance and to judge its future sustainability (Lin, 2022). At the same time, it can also
help companies establish a good social image in the market, enhance the reputation capi-
tal, and reduce the cost of obtaining external financing for themselves (Luo et al., 2019),
which has a resource effect on the company. Finally, the market pressure hypothesis sug-
gests that information intermediaries generate public influence, creating significant pres-
sure on firms, which, in turn, monitors managerial behavior and has a supervisory effect on
firms (Chai et al., 2022). EID can also demonstrate the level of corporate governance and
help external stakeholders to monitor management from all angles (Liu et al., 2023). This,
in turn, urges management to emphasize EID.

Therefore, when corporate EID is limited, valuable information cannot be conveyed
to external stakeholders. The negative impact of the cost effect is much higher than the
positive impact of resource and monitoring effects, which will have a negative impact on
the green transformation of companies. With the increasing content of EID, the technical
proficiency of companies in EID increases and the efficiency of EID improves. The more
the disclosure content increases, the more it can reduce market asymmetry. The positive
impact of the resource and supervision effects will be higher than the negative impact of
the cost effect, and companies’ green transformation will be promoted faster.

Combining the above literature and theoretical analysis, the hypotheses of this paper are
as follows.

H1 Environmental information disclosure has a positive U-shaped relationship with green
transformation of heavily polluters.

3.2 Environmental information disclosure, market competition, and green
transformation

This study will explore the moderating effects arising from market competition through the
cost competitive advantage and Schumpeter hypothesis. As an external governance mecha-
nism, market competition can have a significant impact on firm managers’ behavioral deci-
sions (Gaan et al., 2023). Firms with competitive advantages within their industries have
greater flexibility and resilience in the face of unexpected external shocks. Modern firms’
competitive advantages rely on their low costs and differentiation (Le & Lei, 2018).

The cost competitive advantage hypothesis argues that two problems cannot be ignored
in the pursuit of profit maximization by companies: the cost of information disclosure and
the risk of information leakage (Plecnik et al., 2022). On the one hand, environmental pro-
tection and governance is a capital-intensive and high-risk expenditure (Ma et al., 2022).
With the intensification of market competition, the average resource allocation ratio of the
industry has decreased. Companies seek to maximize profits and take advantage of cost
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competition. They tend to compress the cost of producing environmental information,
leading to a reduction in the amount of EID (Luo et al., 2022), a decline in the quality
of disclosure (Verrecchia & Weber, 2006), and the level of voluntary disclosure (Lee &
Lee, 2022). On the other hand, highly competitive markets have more homogeneous com-
panies. Revealing more relevant information from competitors may increase the risk of
information disclosure to companies and impair competitive advantages (Yen et al., 2016).
Fierce market competition increases the financial and company risks of companies, and
the requirement for the reasonableness of enterprise resource allocation is higher. It is dif-
ficult to improve environmental management if companies are constrained by resources
(Tsendsuren et al., 2021). Firms in highly competitive industries can avoid the risk of pre-
dation by competitors by disclosing less information (Verrecchia, 1983) or adopting some
risk management strategies (Di Vaio et al., 2023). Based on the rational economic person
assumption, firms may reduce environmental disclosure to minimize disclosure risk and
gain greater benefits. Moreover, the more competitive the market is, the more investors
demand higher quality of inventions (Thompson & Woerter, 2020). The demand for high-
quality environmental information disclosure leads to a shift of the inflection point to the
right.

The Schumpeterian hypothesis suggests that firms require large investments to carry out
innovative activities, and that only firms with a strong market position can provide a con-
stant flow of funds for innovation. Thus, the MC has a negative impact on firms’ innova-
tion (Schumpeter, 1942). Moreover, corporate managers driven by economic interests are
more willing to allocate funds to economic projects, reducing green innovation (Guo et al.,
2022). This suggests that market competition can have a negative impact on a firm’s green
innovation.

This shows that market competition may stimulate managers to continue the crude
development model and the short-sighted behaviors that seek benefits at the expense of
the environment. However, to strive for a cost competitive advantage, companies should
consider reducing the cost of EID, that is, curtailing environmental protection costs, result-
ing in less environmental information to disclose. They must also consider reducing the
risk of information leakage, and the motivation for EID decreases. This eventually leads to
a reduction in corporate EID, reduces the pace of green transformation of companies, and
the inflection point shifts to the right. Combining the above literature and theoretical analy-
ses, the hypotheses of this paper are as follows.

H2 Market competition makes the positive U relationship between environmental informa-
tion disclosure and the green transformation of heavily polluters smoother, and the inflec-

tion point shifts to the right.

The research framework is shown in Fig. 1.

4 Methodology
4.1 Data source and processing
China’s CO2 emissions and gross domestic product (GDP) have been increasing every

year from 2011 to 2020. In 2020, these two items rank first and second in the world,
respectively, and high-carbon emitting companies are mainly located in heavy polluting
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Fig. 1 Relationship between environmental information disclosure, market competition, and green transfor-
mation of heavily polluters

industries. Based on this, this study selected a sample of Chinese A-share listed compa-
nies experiencing heavily pollution from 2011 to 2020. Heavily polluted industries are rec-
ognized in accordance with the “Guidelines for Environmental Information Disclosure of
Listed Companies” issued by the Ministry of Environmental Protection (MEP) in 2010,
and the “Industry Classification Guidelines for Listed Companies” revised by the China
Securities Regulatory Commission (CSRC) in 2012. All data were obtained from the
CSMAR (China Stock Market & Accounting Research Database) and CNRDS (Chinese
Research Data Services) databases. Green Innovation selects the data from period t+1.
After eliminating companies with invalid and missing data, the study finally obtained 8028
observations.

4.2 Variable definition
4.2.1 Explained variable

Green Transformation (GT). This study examined green transformation from the perspec-
tive of green innovation in firms. The output of green innovation is green patents of firms.
Therefore, the number of corporate green patents has become an important manifestation
of corporate green transformation. Considering the various uncertainties between patent
applications and their granting, we drew on existing research choose to use the number of
green patent applications as a proxy variable for corporate green transformation (Bendig
et al., 2022). In the baseline regression, we add 1 to the value of the enterprise’s green
patent applications and take the natural logarithm. Promoting the green transformation of
heavily polluting companies as soon as possible is of great significance for sustainable eco-
nomic development as well as environmental protection.
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4.2.2 Explanatory variable

Environmental Information Disclosure (EID). This study evaluated the environmental
information disclosures of sample companies using a content analysis method. EID data
selected to the CSMAR’s Environmental Research Database. This includes five aspects:
environmental management, environmental regulation and certification, environmental
performance and governance, environmental information disclosure vehicles, and environ-
mental liabilities. Environmental information disclosure scores of the individual sample
companies were obtained by summing the scores of the above five aspects; the specific
scoring criteria are shown in Table 2. In the baseline regression, we added 1 to the total
score of EID to perform natural logarithmic processing. EID has a positive impact on
reducing market information asymmetry and promoting environmental sustainability.

4.2.3 Adjustment variables

Market Competition (MC). In this study, the Herfindahl index (HHI) is used to represent
the degree of market competition; the closer HHI tends to zero, the more competitive the
market. Proper market competition can bring crisis and motivation to the enterprise.

2
HHI = 2 (%) (1)

where X; is the income from main company of a company, X is the total income from
main company of the industry to which the company belongs, and (X;/X) is the company’s
industry market share. For consistency with other indicators, the opposite of the HHI is
used to represent the competitive intensity of the market in this study.

4.2.4 Control variables

To exclude the influence of other variables on the results of the study, company value,
company age, gearing ratio, total asset turnover ratio, earnings per share, nature of owner-
ship, book-to-market value, management shareholding ratio, and first shareholder share-
holding ratio were selected as control variables.

Table 3 lists the main variables and their calculations.

4.3 Model building

The following model was constructed in this study to empirically test the relationship
between EID and GT to test the hypotheses:

GT, 44 = o9 + o EID; + oczEID2m + a;Control;  + 7, + p; + €. )
In order to test the moderating effect of MC, the specific model is as follows:
GT, ) =) + o, EID;  + 0,EID% + a,MC;, + asEID;  # MC;, + agEID?; % MC;, + a, Control; , + 7, + p; + &, 3)

GT; ., is the total green transition of company i at time t+ 1, EID,  is the level of envi-
ronmental information disclosure of company i at time t, MC; is the intensity of market
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competition of company i at time t, Control;, is the control variable at the company, <, rep-
resents year fixed, p; represents industry fixed, and ¢; ; is a random error term.

5 Results
5.1 Descriptive statistics

From Table 4, the mean value of GT is 0.826 with a minimum value of 0 and a maximum
value of 7.356. This suggests that there are large differences in GT between the samples,
and the overall green development level is low. The maximum and minimum values of EID
are 0 and 3.332, respectively, with a mean value is 2.069. When converted to the original
total score, the minimum and maximum values were 0 and 27, respectively, with a mean
value is close to 7, indicating that the level of EID of heavily polluters is low and uneven.
The maximum and minimum values of MC are -0.0139 and -1, respectively, with large dif-
ferences in MC. The statistics of other variables indicate that the sample of this study cov-
ers companies with different corporate characteristics.

5.2 Correlation analysis

From Table 5, the correlation coefficient between EID and GT is positive and significant.
The correlation coefficient between MC and GT is negative and significant, which is in line
with the expected hypothesis. In addition, the correlation coefficients of other variables are
lower than the threshold value of 0.7 in the classical literature, indicating the absence of
multicollinearity.

Table4 Descriptive statistics Variable  Obs. Mean Std. dev.  Min. Max.
GT 8,028 0.826 1.112 0 7.356
EID 8,028 2.069 0.716 0 3.332
MC 8,028 —0.0910 0.0917 -1 —-0.0139
TobinQ 8,028 2.085 2.936 0.699 118.3
AGE 8,028 16.83 7.486 2 32
LEV 8,028 0.433 0.768 0.00710  63.97
TAT 8,028 0.647 0.466 0.000188 8.787
EPS 8,028 0.404 0.816 —16.75 16.54
STA 8,028 0.397 0.489 0 1
BM 8,028 0.645 0.257 0.00850  1.430
MO 8,028 0.118 0.193 0 0.897
Topl 8,028 0.354 0.152 0.00290  0.900

EID Environmental information disclosure; GT Green transformation;
MC Market competition; TobinQ Company value; AGE Company age;
LEV Gearing ratio; TAT Total assets turnover ratio; EPS Earnings per
share; STA Nature of ownership; BM Book-to-market value; MO Man-
agement shareholding ratio; and Top! First shareholder shareholding
ratio
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5.3 Baseline regression and moderating effects

Columns (1) and (3) of Table 6 represent the two models with and without control vari-
ables when industry and year are not fixed. Columns (5), (7), and (9) represent the three
models when control variables are added, with a single fixed industry or year, and a double
fixed year and industry. The regression results showed that the coefficients of EID*2 were
0.264, 0.204, 0.211, 0.208, and 0.213, which were significant at the 1% level. The U-test
result was significant at the 1% level. The inflection point is calculated as 1.385 by column
(9), and the environmental information disclosure score takes the value (2, 3]. Figure 2 pre-
sents a fitted graph of the relationship between EID and GT. This shows a U-shaped rela-
tionship between the two, which is consistent with H1. The results of the study show that
EID has a negative impact on green transformation when EID of heavily polluting firms
is less than 3 points. When the environmental information disclosure of heavy polluters is
more than 3 points, EID has a positive effect on GT.

Columns (2), (4), (6), (8), and (10) of Table 6 show the regression results after adding
the moderating variable MC, as in the five models above. The coefficient of EID*2*MC
in column (2) is -0.499, which is significant at the 10% level. The coefficients of
EIDA2*MC in columns (4), (6), (8), and (10) are —0.561,—0.570,—0.515, and —0.523,
respectively, which all pass the 5% significance test. The inflection point shift formula is
constructed based on the correlation coefficients of formula model (3) and column (10)

Fig.2 Baseline regression U-plot « 4
9.
[
&)
v 4
T T T T T
0 1 2 3 4
EID
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Fig.3 U-shaped adjustment S
effect diagram

[

EID

High — — — Medium Low

of Table 6: 0 = (0‘1* (x6) — (o, * o5) (Haans et al., 2016), which yields that 0 is greater
than 0. Market competition shifts the inflection point of the U-shaped curve to the right.
The inflection point is calculated as 1.546 by column (10), and the environmental infor-
mation disclosure score is (3, 4]. Figure 3 plots the moderating effect of MC where
medium, high, and low levels are set as MEAN, MEAN+SD, and MEAN-SD, respec-
tively. The results show that the U-shaped curve of EID and GT becomes smoother,
and the inflection point shifts to the right as market competition becomes more intense.
Hence, H2 is verified. The results of the study show that fierce market competition is
not conducive to GT of heavily polluting companies. After adding the moderating vari-
able of MC, the U-shaped curve of EID and GT is gradually smoothed, and the inflec-
tion point is increased from 3 to 4. When the demand for environmental information
disclosure is greater than 4 points, EID has a positive effect on GT.

In summary, this study makes the following recommendations:

For heavily polluting companies, the greater the EID, the more beneficial is the green
transformation of the enterprise. Companies should initiate the establishment of com-
prehensive environmental information management systems. A system linking manage-
rial remuneration and job competency assessments to environmental performance can
also be established. Market competition increases information risk. Therefore, compa-
nies simultaneously develop their own competitive advantages at the same time. They
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must also balance the risks and opportunities brought about by environmental informa-
tion disclosure, green transformations, and industry competition. Big data and high-tech
technology should be actively introduced to reduce the cost of information disclosure
and improve its efficiency of information disclosure.

Therefore, government should establish a sound system of EID. The government should
standardize the content and standards of mandatory EID by heavily polluting companies.
We should establish a regulatory system for EID, improve relevant laws and regulations,
and incentivize companies to take the initiative to disclose environmental information.
The government should regulate the market to prevent malicious competition and create a
favorable competitive environment. It also should adhere to the principles of the rule of law
and marketization to ensure the stability and security of EID and reduce the risk of trans-
formation. Government should also adjust its industrial structure to respond differently to
industries with different levels of competition.

5.4 Robustness tests

In this study, replacement of explanatory variables, lagged one period, and PSM test
are taken as robustness tests. First, this study adjusted the scoring system of the original
explanatory variables by referring to other scholars’ research methods (Xi et al., 2022).
Only two modules of environmental performance, governance and environmental lia-
bilities, were selected for scoring: O points for no description, 1 point for qualitative
description, and 2 points for quantitative description. Data processing methods remained
unchanged. Second, to address the possibility of endogeneity in the explanatory, moder-
ating, and control variables, the study regresses them all lagged by one period. Finally,
propensity score matching (PSM) was done to correct for the endogeneity problem of pos-
sible selective bias. The sample is divided into treatment (high EID) and control (low EID)
groups using the median environmental information disclosure as the boundary. All con-
trol variables were selected as covariates to construct Logit models, and nearest-neighbor
matching was performed according to the 1:1 principle, resulting in 4097 sample values.
The absolute values of standardized deviations (%bias) of the variables after matching are
less than 10%, and the average treatment effect (ATT) of EID is significant at the 1% level.
The results showed that the matching well balanced the data between the treatment group
and the control group, meeting the balance trend test. According to Tables 7, 8, and 9, the
results are consistent with the previous ones; that is, there is no substantial change in the
significance of the main variables in the model. The test results indicate that the analysis
results of this study are more stable and reliable.

6 Discussion

This study selects heavily polluting companies from 2011 to 2020 as sample to test the
impact of EID on GT and the moderating role of MC. Scholars have already studied the
relationship between EID and GT. They found that EID is positively correlated with green
innovation (Ding et al., 2022; Wu et al., 2023). Unlike the existing literature, this study
finds that there is a positive U-shaped relationship between EID and GT, with the inflec-
tion point of EID taking the value (2,3). When EID is lower than 3 points, it is negatively
related to GT; when EID exceeds 3 points, it is positively related to GT. Based on trans-
action cost theory, signaling theory, and market pressure hypothesis, this study explores
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Table 9 Robustness test—PSM
Y] 2 ©)] (€] )

Variables GT GT GT GT GT

EID —0.475%%%* —0.356%** —0.330%* —0.479%%%* —0.441#%*
(0.138) (0.132) (0.132) (0.130) (0.130)

EID"2 0.207%#%%* 0.167%%* 0.160%%* 0.183 %% 0.172%%*
(0.0354) (0.0339) (0.0339) (0.0332) (0.0332)

Control No Yes Yes Yes Yes

Industry No No Yes No Yes

Year No No No Yes Yes

Constant 0.776%%* —0.407** —-0.107 —0.812%%%* —0.528%##%*
(0.124) (0.167) (0.182) (0.168) (0.183)

Observations 4097 4097 4097 4097 4097

R-squared 0.052 0.139 0.152 0.188 0.200

###p-value < 1%; ** <5%; and * < 10%; EID Environmental information disclosure; GT Green transforma-
tion; EID"2 The 2nd power of EID; Control: all control variables; Industry: fixed industry; and Year: fixed
year

the mechanism of EID on GT, which is mainly due to the cost, resource, and monitoring
effect. The findings of this study provide a new researchable perspective on the relationship
between EID and GT. Market competition flattens the U-shaped relationship between the
two, and the inflection point for EID becomes (3, 4). Research on market competition on
disclosure and innovation has been of academic interest. This study explores the impact
of market competition on EID and GT based on the theory of cost competitive advantage
and Schumpeter hypothesis, respectively, to provide theoretical support for the final results.
The purpose of promoting the green transformation of heavily polluting companies is
mainly to realize the benign interaction between sustainable economic development and
environmental protection (Li et al., 2023; Zhai & An, 2020), and GT of manufacturing
affects the greening of the economy (Chen et al., 2023). This study explores a feasible
path for the GT of heavily polluting companies, which has a positive impact on companies,
society, and the environment.

7 Conclusions
7.1 Theoretical implications

First, this study explains the impact mechanism of EID on GT from several perspectives,
including transaction cost theory, signal theory, and market pressure hypothesis, and is
supported by empirical tests. It provides a theoretical basis for companies to take the initia-
tive to protect the environment and fulfill their disclosure responsibilities. Unlike the previ-
ous literature that concluded that there is a linear relationship between the two (Wang &
Shao, 2023), this study concludes that there is a nonlinear U-shaped relationship between
EID and GT. This provides new literature and perspectives on the nonlinear relationship
between EID and GT.
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Finally, there has been a large body of the literature empirically testing the external
governance function of market competition for firms. This study uses the cost competitive
advantage theory and Schumpeter hypothesis to explain the regulatory role played by mar-
ket competition and empirically test it. It provides a theoretical basis for heavy polluting
companies to formulate competitive strategies and for the government to dynamically regu-
late the market. The findings of the study also enrich the literature on the negative impact
of market competition on markets.

7.2 Managerial contributions

First, the EID is one of the most important ways to gain a differentiated competitive advan-
tage. Although environmental information is still a non-mandatory disclosure item for most
companies, it is for this reason that companies can gain a differentiated competitive advan-
tage through voluntary disclosure of environmental information. And when EID exceeds a
certain amount, it has a facilitating effect on the GT of companies. This finding can stimu-
late managers’ intrinsic motivation to voluntarily disclose environmental information.
Finally, fierce market competition is not conducive for companies to improve EID and
GT. Since EID and green innovation are both high-risk large-scale capital projects, fierce
market competition will make the management more cautious about the allocation of cor-
porate funds and give up high-risk projects to ensure corporate profits (Habib & Mourad,
2022). However, international green development has become an inevitable trend. In order
not to be eliminated from the market, companies first need to improve their environmental
information disclosure technology and efficiency to take advantage of the competition.

7.3 Limitations and future research perspectives

First, there are two general types of indicators for measuring green transformation, one
being green innovation indicators and the other being green total factor productivity indica-
tors. Green total factor productivity is usually modeled using the unintended slacks-based
measure (SBM) model, which requires consideration of unintended output. However, there
is a serious lack of data on the environmental unintended output of firms, so green total
factor productivity is mostly used in macroeconomic studies. Therefore, after the data on
firms’ environmental non-desired outputs are enriched, future studies can use green total
factor productivity to measure firms’ green transformation. Second, regarding the scoring
indicators for environmental information disclosure, this study selects all non-financial
information. In the future studies, consider incorporating financial metrics, running DEA,
or factor analysis to measure. Finally, the sample of this study, while a feature of the arti-
cle, has some limitations. The results of this study are only for heavy polluters. It is also
worth exploring the green transformation pathways of other industries in China.
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