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Abstract. In light of escalating global environmental challenges, green innova-
tion has emerged as a crucial strategy for enterprises to enhance their environ-
mental performance and bolster market competitiveness. Nevertheless, certain
companies engage in “greenwashing” by overstating their environmental respon-
sibilities and achievements. Utilizing data from A-share listed companies in
Shanghai, Shenzhen, and Beijing spanning from 2011 to 2023, this study inves-
tigates the relationship between corporate environmental performance scores and
green innovation levels, with an emphasis on the moderating effect of greenwash-
ing practices. The empirical findings reveal that environmental performance
scores exert a significant positive influence on green innovation levels, particu-
larly within state-owned enterprises, small-scale enterprises, and those enter-
prises not categorized within heavy polluting industries. Furthermore, it is ob-
served that greenwashing behavior diminishes the positive impact of environ-
mental performance scores on green innovation. This research offers novel in-
sights and empirical evidence for policymakers and business leaders to facilitate
the green transformation and sustainable development of Chinese enterprises.

Keywords: Green Innovation, Environmental Performance, Greenwashing,
ESG Regulation.

1 Introduction

Amid escalating global environmental challenges, corporations are increasingly com-
pelled to reconcile economic pursuits with environmental responsibilities. Green inno-
vation has emerged as a pivotal strategy for enhancing corporate environmental perfor-
mance and competitive market positioning. To actualize green innovation, enterprises
must secure financial support from internal and external sources, with investors often
scrutinizing a company’s Environmental, Social, and Governance (ESG) performance
when determining funding allocation. Consequently, a company’s ESG metrics are not
merely indicative of its environmental accountability but also serve as critical determi-
nants for attracting investment to drive green innovation. Investigating the nexus be-
tween corporate ESG performance and green innovation is, therefore, of profound
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importance. However, some firms resort to “greenwashing,” whereby they inflate or
falsely advertise their environmental credentials to construct a green image [1]. While
this may temporarily appease certain stakeholders, it ultimately risks reputational harm
and erosion of market trust in the long term. This paper investigates the interplay be-
tween corporate environmental performance metrics and green innovation initiatives,
with a specific focus on how greenwashing behaviors may influence this relationship.

Despite prior investigations into the linkage between corporate ESG performance
and green innovation, the impact of greenwashing on this relationship remains under-
explored. Most extant studies have concentrated on Western contexts, leaving a relative
paucity of research regarding the Chinese market. As a critical component of the global
economy, China’s corporate environmental strategies and innovation undertakings war-
rant thorough examination. Although the Chinese government has intensified environ-
mental oversight in recent years, the regulatory framework addressing greenwashing
remains underdeveloped, with policies and legalities still in need of clarification and
enhancement [2]. The current lack of precise regulation enables firms to potentially
exaggerate their ESG performance, casting doubt among external investors and regula-
tors regarding the credibility and quality of ESG disclosures. Such skepticism concern-
ing a company’s ESG information can adversely affect its ability to secure financial
resources essential for green innovation. Hence, this research gap underscores the ne-
cessity and potential of exploring greenwashing within Chinese enterprises in relation
to environmental performance and green innovation. Furthermore, analyzing the phe-
nomenon of greenwashing in China could inform global regulatory enhancements and
policy-making, especially for regions grappling with environmental responsibility and
green innovation challenges. The objective of this study is to scrutinize the moderating
effect of greenwashing behavior on the relationship between corporate environmental
performance and green innovation within the Chinese context. The study aims to fur-
nish empirical evidence and offer recommendations to policymakers and corporate
managers, thereby contributing to the refinement of China’s ESG regulatory framework
and fostering corporate green transformation.

2 Theoretical Basis and Research Hypotheses

2.1  The Relationship between Corporate Environmental Performance Scores
and Green Innovation Levels

According to Stakeholder Theory, the success of a corporation is contingent not solely
on maximizing shareholder returns, but also on addressing the needs of various stake-
holders, including employees, customers, suppliers, communities, and the environment
[3]. An enhancement in environmental scores is typically indicative of a corporation’s
proactive strategies and management practices aimed at satisfying the demands of en-
vironmental stakeholders. Effective environmental management can bolster a com-
pany’s reputation and competitive standing in the marketplace. Furthermore, superior
environmental performance could attract increased investment, particularly in green in-
novation initiatives [4]. Consequently, to align with stakeholder expectations,
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corporations might augment their investment in green innovation, thereby elevating
their overall green innovation capacity.

Conversely, the Resource-based Theory posits that a firm’s competitive advantage
stems from its distinctive resources and capabilities [5]. Firms with high environmental
scores generally possess advanced environmental management systems and technolo-
gies, which constitute a resource advantage. Such enterprises are better positioned to
conduct research and foster innovation in green technologies. Ulah et al. (2022) identi-
fied that companies exhibiting strong environmental performance often possess accu-
mulated technological expertise and management acumen, enabling them to more rap-
idly translate research and development (R&D) investments into tangible innovation
outcomes [6]. Similarly, Singh et al. (2020) empirically demonstrated the impetus pro-
vided by internal resources and capabilities to green innovation within firms [7]. As
such, a high environmental performance score can be regarded as an intrinsic motivator
for enhancing green innovation.

Based on this analysis, the paper proposes Hypothesis 1: There exists a significant
positive correlation between the environmental performance scores of enterprises and
their respective levels of green innovation.

2.2 The Moderating Effect of Greenwashing on the Relationship between
Environmental Scores and Green Innovation

Stakeholder Theory underscores the significance of a corporation’s environmental per-
formance and transparency in fulfilling stakeholder expectations. While companies
may initially satisfy certain stakeholder demands through greenwashing—the practice
of cultivating a misleadingly positive environmental image—in the long term, such be-
havior proves unsustainable for genuine investment in environmental innovation and
outcomes. When stakeholders discern a discrepancy between a company’s professed
environmental performance and its actual innovation capabilities, it can precipitate a
crisis of trust, thereby diminishing support and recognition for the company’s green
innovation endeavors. Delmas and Burbano (2011) identified that greenwashing can
adversely affect a company’s reputation, complicating its efforts to secure innovative
resources and collaborators [8].

Signaling Theory offers an alternative framework, positing that firms construct ex-
ternal perceptions regarding their quality and capabilities by conveying information [9].
A company’s environmental performance score serves as a signal to the market and
stakeholders, indicating its commitment to environmental management and innovation.
However, an increase in corporate greenwashing undermines the reliability of this sig-
nal, resulting in diminished stakeholder trust in the company’s green innovation efforts
[10]. In instances of signal failure, the beneficial effects of the company’s environmen-
tal performance rating are attenuated, thereby hindering the promotion of actual green
innovation.

Based on this analysis, the paper proposes Hypothesis 2: As a company’s green-
washing activities intensify, the positive influence of its environmental rating on green
innovation performance diminishes.
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3 Empirical Testing

3.1 Sample Selection and Data Sources

This study utilizes the annual data of A-share listed companies from Shanghai, Shen-
zhen, and Beijing, covering the period from 2011 to 2023. The data is primarily sourced
from the Choice financial data terminal, Bloomberg L.P. and Huazheng, and industry
classification adheres to the 2012 industry classification standards set by the China Se-
curities Regulatory Commission. To ensure the robustness of the research outcomes,
the initial dataset undergoes the following refinement process: (1) eliminate observa-
tions with incomplete variable data and apply a 1% and 99% winsorization to all vari-
ables to manage outliers; (2) remove financial sector companies; and (3) exclude firms
with abnormal and persistently abnormal operations. Following these procedures, a re-
fined dataset comprising 6,468 annual observations of company data was obtained for
analysis.

3.2 Variable Definition and Measurement

3.2.1 Explained Variable — Green Innovation Level (Green). Historically, research-
ers have frequently employed various metrics to assess corporate green innovation,
such as R&D expenditures and the quantity of green patents. Given that R&D expend-
itures primarily reflect innovation investment and distinguishing green innovation
R&D investment from total R&D expenditure poses challenges, the number of green
patents serves as a more straightforward indicator of a firm’s green innovation output,
with the added advantage of easier data accessibility. This study, therefore, adopts the
number of green patent authorizations as a measure of green innovation. Unlike patent
application numbers, which indicate a company’s intent and attitude towards green in-
novation, patent authorization numbers provide a more accurate representation of a
company’s tangible green innovation capabilities [11]. In alignment with the method-
ologies of Zhang (2022), Zhang & Dong (2023) et al., this study utilizes the natural
logarithm of the number of green patent authorizations, incremented by one, to quantify
the enterprise’s green innovation level. This approach effectively addresses the right-
skewed distribution issue commonly associated with patent data [12-13].

3.2.2 Explanatory Variable - Environmental Performance Score (Escore). The cor-
porate environmental performance score represents a crucial component within the en-
vironmental dimension of ESG assessments. It primarily evaluates the effectiveness
with which corporations manage greenhouse gas emissions, enhance energy efficiency,
safeguard water resources, and handle waste management [14]. The E-rating serves as
an indicator of a company’s initiatives and achievements in environmental conserva-
tion, providing a vital benchmark for investors and stakeholders to appraise a com-
pany’s capacity for sustainable development and potential environmental risks.
Bloomberg, a globally esteemed provider of business intelligence, financial data, and
news, holds considerable authority in the realm of ESG ratings. Utilizing an extensive
repository of corporate data, Bloomberg has developed a proprictary set of data
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processing models and methodologies, enabling them to deliver comprehensive ESG
performance data and ratings [15]. The ESG ratings range from 0 to 100, with scores
approaching 100 representing the pinnacle of corporate environmental performance.
Bloomberg’s ESG ratings are predominantly derived from publicly available docu-
ments including ESG reports, corporate social responsibility (CSR) reports, annual fil-
ings, proxy statements, governance reports, and corporate websites. The overarching
aim is to foster a transparent and standardized rating framework (Ibid). Specifically in
the context of E-ratings, Bloomberg’s evaluation encompasses several themes and do-
mains such as climate change, resource utilization, and pollution emissions. These sub-
jects are weighted differently to compute a composite E-rating score. An elevated score
is indicative of a company’s proactive and efficacious engagement in environmental
protection, reflecting robust environmental management capabilities and exemplary en-
vironmental performance. Conversely, a low score suggests that the company may pos-
sess considerable environmental risks or deficiencies necessitating amelioration and
fortification.

3.2.3 Moderator Variable — Greenwashing Score (GWS). In the study by Hu et al.
(2023) published in the Pacific Basin Finance Journal, an approach was outlined to
quantify greenwashing behavior among publicly listed companies [1]. The methodol-
ogy involves a comparative analysis between a company’s environmental disclosure
score (ERdis) and its actual environmental performance score (ERper). The formula
for calculating the greenwashing score is provided as follows:

GWS; = (

ERi—WdLS) _ (ERi{—ERper )

Odis Oper

In this context, ER; represents the environmental performance score as rated by
Bloomberg, while ER,; denotes the average environmental disclosure score. Addition-
ally, ERy,, signifies the actual environmental performance score according to
Huazheng ratings. The variables gy;; and gy, correspond to the standard deviations of
the environmental disclosure score and the actual environmental performance score,
respectively. A higher positive value of the greenwashing score suggests more pro-
nounced greenwashing behavior, indicating that a company may appear to excel in en-
vironmental disclosure compared to its real environmental performance. Conversely,
negative values imply potential underreporting of a company’s environmental initia-
tives, suggesting superior actual environmental performance in relation to what is pub-
licly disclosed.

3.2.4 Control Variables. Based on prior research on corporate behavior within relevant
domains, it is crucial to control for other determinants that may influence a company's
investment behavior. These factors include firm size (4), measured as the logarithm of
total assets, return on assets (ROA), leverage ratio (LEV), the ratio of operating cash
flow to total assets at the beginning of the year (CF), fixed asset ratio (FA), year-over-
year growth rate of operating revenue (GROWT H), proportion of independent directors
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(IDR), ownership concentration among the top ten shareholders (T10SHR), R&D in-
vestment intensity (RD), and firm age (AGE).

3.3  Empirical Model

Following the research hypotheses articulated previously, the research constructs a
multiple regression model to examine the effect of environmental performance scores
on the level of green innovation within firms. The regression model corresponding to
Hypothesis 1 is as follows:

Green;, = ay + a,Escore; 4 + ayControlVar; . + &;, 2)

Where ControlsVar includes all the control variables, a is the intercept term, and
¢ is the random perturbation term. If the coefficient a; is significant and positive, hy-
pothesis H1 is hence validated.

In addition to this, to assess the moderating impact of corporate greenwashing
scores, the paper includes the moderating variable GWS and its interaction term with
the independent variable. The regression model corresponding to Hypothesis 2 is artic-
ulated as follows:

Green;, = o + P1Escore; ;1 + [,GWS; 1 + P3(Escore;q * GWS; 1) +
BsControlVar;,_; + & 3)

Among them, Escore;,_1 * GWS;,_, is the intersection of Escore and GWS,
which can be denoted as EGWS in the regression analysis table below. Other variables
are set the same as the first model. If S5 is significant, it shows that the greenwashing
score plays a moderating effect between the environment performance-green innova-
tion relationship.

4 Research Results and Analysis

4.1 Descriptive Analysis

To perform a descriptive statistical analysis on the fundamental characteristics of each
variable, Table 1 presents the descriptive statistics for the primary variables under in-
vestigation. The analysis reveals the following insights: (1) The mean and standard de-
viation of the variable Green, which quantifies the level of green innovation within
enterprises, are 1.3557 and 1.3488, respectively. This suggests a considerable variation
in green innovation performance among the sampled firms. Even after a logarithmic
transformation, the range between the maximum and minimum values of this metric
remains approximately 5, underscoring the substantial differences observed; (2) The
environmental performance score indicator, Escore, has an average value of 13.6540
and a standard deviation of 13.9982, indicating that the overall environmental perfor-
mance scores of the sampled companies are relatively low, with significant variability.
Notably, even the highest-performing companies exhibit a considerable shortfall from
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the perfect score of 100; (3) The distribution of the remaining variables falls within an
expected and reasonable range.

Table 1. Descriptive statistical results.

Sample Average Standard

Variable number value deviation Minimum Median Maximum
Green 6468 1.3557 1.3488 0.0000 1.0986 5.2257
Escore 6468 13.6540  13.9982 0.4228 9.8762 57.6563
GWS 6468 -0.4775 1.2281 -3.2537 -0.5161 2.84523
ROA 6468 0.0511 0.0619 -0.1523 0.0421 0.2498

A 6468 23.4242 1.2826 20.6768 23.3416 27.0212
LEV 6468 04711 0.1874 0.0790 0.4834 0.8644
CF 6468 1.1920 4.0547 -1.2614 0.1214 30.9439
FA 6468 0.2305 0.1627 0.0054 0.1938 0.6890
GROWTH 6468 0.1277 0.2574 -0.4436 0.0972 1.2642
IDR 6468 0.3746 0.0562 0.3000 0.3571 0.5714
T10SHR 6468 0.6009 0.1586 0.2349 0.6039 0.9246
RD 6468 0.0383 0.0437 0.0001 0.0300 0.2638
AGE 6468 20.3064 5.6866 7.0000 20.0000 36.0000

4.2  Multicollinearity Test

Initially, a correlation analysis was performed on the variables, revealing a correlation
coefficient of 0.2331 between the corporate environmental performance score and the
level of green innovation. This suggests that the environmental performance score pos-
itively influences corporate green innovation, aligning with our hypothesis. Subse-
quently, the Variance Inflation Factor (VIF) for the model variables was computed. The
results are detailed in Table 2, which demonstrates that all VIF values are significantly
below the threshold of 10. This suggests an absence of severe multicollinearity among
the variables, indicating that collinearity does not substantially impact the model’s ac-
curacy. As a result, all variables can be retained for further analysis.

Table 2. Statistics of variable Variance Inflation Factor

Feature VIF
1 Escore 2.4965
2 GWS 29119
3 ROA 1.5708
4 A 2.0134
5 LEV 1.9258
6 CF 1.1681
7 FA 1.1009
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Feature VIF
8 GROWTH 1.1831
IDR 1.0342
10 T10SHR 1.2690
11 RD 1.1963
12 AGE 1.1407

4.3  Panel Regression Analysis

4.3.1 Results of Hypothesis 1. In line with the articulated research hypothesis, the re-
search conducted regression analyses on the comprehensive sample and performed
stratified regression analyses on subsets, including state-owned versus non-state-owned
enterprises, large-scale versus small-scale enterprises, and entities categorized by heavy
pollution versus non-heavy pollution industries. Table 3 summarizes the primary find-
ings from the multiple regression analyses.

For the full sample, the coefficient for the environmental performance score Escore
is 0.0041, achieving significance at the 5% level. This suggests that for every increment
of one unit in the environmental performance score, there is an associated increase of
0.0041 units in the enterprise’s level of green innovation. Consequently, an increment
of one standard deviation in a company’s environmental score corresponds to an ap-
proximate 4.23% increase in its level of green innovation. This long-term enhancement
is particularly noteworthy, suggesting that enterprises with superior environmental per-
formance may prioritize the development and research of green technologies, thus fos-
tering elevated levels of green innovation. Moreover, this may reflect the heightened
demand from enterprises in response to evolving environmental policies and market
conditions. These findings corroborate Hypothesis 1: There exists a significant positive
correlation between the environmental performance score of enterprises and their re-
spective levels of green innovation.

Table 3. Regression results for Hypothesis 1.

Enterprise Nature Enterprise Size Industry Grouping
Full Sam- Grouping Grouping
ple SOEs Non- Large Small |Heavy pol- Non-heavy
SOEs scale scale luting polluting

Escore | 0.0041%* | 0.0044*  0.0034 0.0020  0.0056***| 0.0047*  0.0047**
GWS -0.0014 | -0.0259  0.0296 | -0.0107  0.0009 -0.0097 -0.0016
RD 1.7855%* | 2.3558* 1.8204** | 2.6067  1.5646** | -0.1766  2.3866%**
ROA -0.0498 | -0.0604 -0.1010 | 0.1698 0.1700 -0.0901 0.0282

A 0.30327%*%10.3385%** (.3498%** / / 0.2898***  (0.3019***
LEV -0.0115 | -0.0966  0.0999 0.5163 0.2939 -0.2109 0.0809
CF -0.0021 | 0.0007  -0.0045 | 0.0080  -0.0083 0.0019 -0.0052

F4 0.1544 0.2173  -0.0036 | -0.3888  -0.2323 0.0379 0.3468
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Enterprise Nature Enterprise Size Industry Grouping
Full Sam- Grouping Grouping
ple SOEs Non- Large Small |Heavy pol- Non-heavy
SOEs scale scale luting polluting

GROWTH | 0.0025 0.0185  -0.0336 | -0.1599  -0.0022 -0.0015 0.0061
IDR 0.2337 0.1050 0.3074 0.4659  -0.1015 | 1.5255***  -0.4641
TIOSHR | 0.4928** 10.9646*** -0.4401 |1.8020**  0.1317 0.5713* 0.5017
AGE 0.0066 0.0214  -0.0406 | 0.0557 0.0148 -0.0057 0.0155

Year YES YES YES YES YES YES YES
Entity YES YES YES YES YES YES YES
F 64.971 47.001 22.448 29.122 29.886 23.096 43.787
R-squared | 0.2120 0.2640 0.1701 0.2987 0.1611 0.2008 0.2276
N 6468 3434 3034 2126 4342 2432 4036

Note: The data in the table are regression coefficients of each variable, and ***, ** and * are significant at the

significance level of 1%, 5% and 10% respectively.

The comparative analysis of regression outcomes from state-owned and non-state-
owned enterprises reveals a nuanced relationship between environmental performance
metrics and green innovation. Specifically, the regression column pertaining to state-
owned enterprises demonstrates a positive retention coefficient for environmental per-
formance scores, which achieves statistical significance at the 10% level. Conversely,
for non-state-owned enterprises, the p-value associated with environmental perfor-
mance scores is not statistically significant. This suggests that the observed positive
association between environmental performance scores and the green innovation initi-
atives within enterprises is predominantly driven by state-owned entities. Typically,
state-owned enterprises are subject to more stringent regulatory oversight and compli-
ance standards, particularly concerning environmental and sustainable development
mandates. Consequently, governmental expectations for superior environmental per-
formance are elevated, thereby incentivizing these enterprises to enhance their environ-
mental outcomes through green innovation. On the other hand, non-state-owned enter-
prises are often under greater competitive pressure, which necessitates a focus on the
short-term balancing of costs and benefits rather than long-term environmental perfor-
mance improvements. These dynamics collectively result in a more pronounced posi-
tive correlation between environmental performance and green innovation within state-
owned enterprises.

Furthermore, the study delves into the differential impact of environmental perfor-
mance scores on green innovation across various enterprise scales and industry sectors.
Utilizing a dynamic statistical approach, specifically a rolling median analysis with a
three-year window, the study captures the temporal trend in enterprise size variation.
Enterprises are categorized based on whether their size surpasses or falls below this
rolling median threshold, thereby classifying them as either “large-scale” or “small-
scale.” The application of rolling median effectively mitigates short-term volatility, em-
phasizing long-term trends and thus enhancing the interpretative power of the segmen-
tation. Evidenced by the findings in Table 3, the p-value of environmental performance
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scores for large-scale enterprises lacks statistical significance, whereas the coefficient
for small-scale enterprises is positive and significant at the 1% level. This indicates that
the positive linkage between environmental performance scores and green innovation
is predominantly attributed to small-scale enterprises. Large-scale enterprises, charac-
terized by abundant resources and intricate business frameworks, may prioritize main-
taining market share and optimizing existing operations to address varied stakeholder
demands. Such strategic orientations can dilute resource allocation towards environ-
mental performance enhancements, thus diminishing the potential for environmental
score improvements to manifest as substantial increments in green innovation. Con-
versely, small-scale enterprises, with their constrained resources and simpler opera-
tional structures, can channel efforts more effectively towards specific domains, such
as green innovation. Their inherent flexibility in decision-making and execution ena-
bles agile responsiveness to market and policy changes, facilitating the translation of
enhanced environmental scores into tangible green innovation endeavors.

On the other hand, the study examines enterprise categorization as per the heavy
polluting industry classification, drawing on the methodology of Ni (2016) [16]. The
identification of heavily polluting industries is primarily based on the “Classification
Guide for Listed Companies” revised by the China Securities Regulatory Commission
in 2012, the “Classification Management Catalogue for Environmental Verification of
Listed Companies” formulated by the Ministry of Environmental Protection in 2008,
as well as the “Guidelines for Environmental Information Disclosure of Listed Compa-
nies” (Ibid). This classification encompasses 16 heavily polluting industries, such as
coal, mining, textile, leather, paper, petrochemical, pharmaceutical, chemical, metal-
lurgical, and thermal power, with an annual sample size of 2,432 companies. The anal-
ysis reveals that the environmental performance score’s p-value for heavily polluting
enterprises is marginally significant at the 10% level, while the Escore coefficient for
non-heavy polluting enterprises is significant at the 5% level. This indicates that alt-
hough there is a positive correlation between environmental performance scores and
green innovation in both heavily polluting and non-heavily polluting industries, the re-
lationship is more pronounced among non-heavily polluting industry samples. Heavily
polluting industries face intricate environmental challenges, necessitating substantial
investments in pollution control, which may impede immediate environmental perfor-
mance improvements. Conversely, non-heavy polluting enterprises encounter less en-
vironmental regulation pressure, allowing them greater latitude to pursue technological
innovation, enhance resource efficiency, lower energy consumption, and reduce emis-
sions, thereby bolstering their green competitiveness.

4.3.2 Results of Hypothesis 2. To analyze the moderating effect of the greenwashing
(GWS) on the relationship between environmental performance and the level of green
innovation development within enterprises, this study introduces the interaction term
EGWS, representing the product of Escore and Green variables, to assess its coeffi-
cient and statistical significance. In Table 4, column (a) presents the regression results
for the full sample, revealing that the coefficient of the interaction term EGWS is neg-
ative and statistically significant at the 10% level. This finding suggests that an increase
in the greenwashing score diminishes the positive impact of environmental
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performance on green innovation. This implies that companies potentially exaggerate
their achievements in environmental disclosures, leading to a weakening of the benefi-
cial effects of environmental performance on green innovation through greenwashing
practices. Column (b) demonstrates that, upon the inclusion of control variables, the
interaction term continues to exhibit a negative coefficient, maintaining significance at
the 10% level. These results support Hypothesis 2, indicating that the greenwashing
behavior of enterprises acts as a negative moderating factor in the relationship between
their environmental ratings and green innovation performance.

Table 4. Regression results for Hypothesis 2.

Full Sample
(a) (b)
Escore 0.0065*** 0.0042**
EGWS -0.0011%* -0.0012*
GWS 0.0068 0.0166
RD 1.7719%*
ROA -0.0519
A 0.3041***
LEV -0.0130
CF -0.0021
FA 0.1575
Growth 0.0021
IDR 0.2440
T10SHR 0.4889**
AGE 0.0050
year YES YES
Entity YES YES
F 99.226 62.375
R-squared 0.1951 0.2126
N 6468 6468

Note: The data in the table are regression coefficients of each variable, and ***, ** and * are significant at the

significance level of 1%, 5% and 10% respectively.

4.4 Robustness Test

In the present study, the essay employs variable substitution and heteroscedastic robust
standard error methodologies for testing. Specifically, this study substitute Bloom-
berg’s ESG Environmental (E) score with the E score from Huazheng, a prominent
ESG rating agency in China. Huazheng’s local expertise provides enhanced insights
into the Chinese market dynamics and enterprise characteristics, offering distinct
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advantages in the evaluation process [17]. Consequently, this substitution study re-
places the independent variable with Huazheng’s E score for rigorous testing and anal-
ysis. In the single-factor panel regression outcomes, the coefficient is observed to be
2.0472 with a p-value of 0.0000, indicating significance at the 1% level. Upon intro-
ducing control variables, the coefficient adjusts to 1.5059 with a p-value of 0.0000,
maintaining a positive and significant relationship at the 1% level. This consistency
corroborates Hypothesis 1, thereby affirming the model’s robustness.

Furthermore, given that both assumptions in this study are evaluated using cluster
robust standard errors, it is posited that there exist intra-population observation error
correlations [18]. To address the heterogeneity of variance across individuals, the re-
search employs heteroscedastic robust standard errors as an alternative. This approach
assumes the independence of errors for each observation and emphasizes individual
differences, thereby supplementing the robustness of the research model (Ibid). Ac-
cording to the regression analysis, the coefficient for Escore is 0.0041 with a p-value
0f 0.0027, which is significant at the 1% level, in alignment with the primary hypothe-
sis.

5 Conclusion

This study analyzes data from A-share listed companies in Shanghai, Shenzhen, and
Beijing spanning the years 2011 to 2023. Utilizing Bloomberg’s corporate environ-
mental performance score as the primary independent variable, the research examines
the relationship between environmental performance and the innovation levels of green
enterprises. It further segments these enterprises into sub-samples based on ownership
structure, firm size, and industry pollution intensity to assess variation in the environ-
mental performance-innovation relationship across different categories. Additionally,
the study incorporates a greenwashing score as a moderator variable to assess its influ-
ence on the relationship between the primary independent and dependent variables.

The findings of the study are as follows: (1) Enterprises’ environmental performance
scores exhibit a significant positive effect on their green innovation levels. This may be
attributed to the propensity of companies with higher environmental performance to
allocate substantial resources towards pollution control, energy efficiency enhance-
ments, and emissions reductions, thus driving technological research and development
endeavors, such as the creation of advanced clean technologies or the pursuit of green
patents. Furthermore, elevated environmental performance likely signals a proactive
corporate response to governmental environmental regulations, such as carbon taxes
and subsidies, as well as market demands, thereby augmenting innovation drive.

(2) The influence of corporate environmental performance on green innovation is
markedly pronounced in state-owned enterprises, small scale firms, and enterprises
within non-heavy polluting industries. State-owned enterprises typically operate under
direct governmental regulation and are often compelled to align with national environ-
mental policies. They are also more likely to access financial subsidies or technical
assistance, thereby stabilizing the nexus between environmental performance and in-
novation. Regarding firm size, smaller enterprises confront heightened survival
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pressures and, in pursuit of competitive advantage, may perceive improved environ-
mental scores as a strategy for enhancing market competitiveness and differentiation,
thereby incentivizing investment in green innovation to satisfy consumer demand for
environmentally sustainable products, capture market share, and bolster brand reputa-
tion. Within sectors characterized by lower pollution intensity, enterprises generally
possess a solid technological foundation and innovation capacity, facilitating green
transformation through technology assimilation and independent innovation. For in-
stance, high-tech and light industry firms typically maintain relatively clean production
processes, minimizing environmental impact. Through technological advancements,
resource usage, and pollutant emissions can be further minimized, thereby enhancing
corporate environmental performance.

(3) The greenwashing score exerts a significant attenuating effect on the positive
relationship between environmental performance scores and green innovation levels.
Elevated greenwashing scores suggest a potential nullification of the innovation divi-
dends associated with environmental performance. Such behavior could prompt re-
source misallocation, diverting funds from research and development to promotional
activities, diminishing external trust, exacerbating information asymmetry, dampening
innovation incentives, and ultimately nullifying the signaling function of environmental
performance, thereby inhibiting green innovation.

Based on the current market dynamics and research findings in China, the following
policy implications can be drawn: (1) Enterprises should allocate more resources to-
wards pollution control, energy conservation, and emission reduction initiatives. This
can be achieved through the upgrading of environmental protection equipment and the
optimization of production processes to enhance environmental performance. Concur-
rently, it is imperative for the government to refine and enhance environmental policies
and regulations, intensify oversight of high-polluting and high-energy-consuming in-
dustries, and increase the penalties for non-compliance. Furthermore, enterprises that
actively enhance their environmental performance and engage in green innovation
should receive increased policy support and incentives, such as tax benefits, financial
subsidies, and dedicated research funding, to encourage a transition towards greener
and lower-carbon business practices.

(2) The development of a comprehensive green innovation strategy is recommended,
with clear investment priorities in areas such as clean energy technology R&D and the
optimization of production processes for energy conservation and emission reduction.
The establishment of a dedicated green innovation fund is essential to ensure that fi-
nancial resources are utilized appropriately. Additionally, the government should
strengthen the environmental information disclosure system by clearly defining the
content, format, and timeline requirements for corporate disclosures, thereby eliminat-
ing ambiguities. There should be increased penalties for greenwashing practices, ele-
vating the repercussions of non-compliance for companies, with stringent measures
against false advertising, data manipulation, and similar infractions.
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