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Abstract

As resource and environmental constraints continue to tighten, corporate green transfor-
mation has become a key micro-level foundation for achieving high-quality development.
Using data on Chinese A-share listed firms from 2001 to 2024, this study examines the effect
of executive environmental awareness on corporate green transformation and explores the
underlying mechanisms. The results show that executive environmental awareness signifi-
cantly promotes corporate green transformation, and this finding remains robust across a
series of robustness checks. Mechanism tests indicate that green innovation serves as an
important channel through which executive environmental awareness affects corporate
green transformation. This channel operates primarily through symbolic green innovation,
whereas the mediating role of substantive green innovation is not significant. Further
analysis shows that pressure-oriented environmental awareness has a stronger positive
effect on corporate green transformation than development-oriented environmental aware-
ness, suggesting that corporate green transformation in the current institutional context
remains largely responsive to external pressures. Heterogeneity analysis further reveals
that the positive effect of executive environmental awareness is more pronounced among
non-state-owned firms and firms located in eastern China. This study uncovers the internal
cognitive mechanism underlying corporate green transformation from the perspective of
executive awareness and provides empirical evidence on how environmental awareness
can be translated into green transformation practices.

Keywords: environmental awareness; green innovation; green transition

1. Introduction

As environmental constraints intensify and the low-carbon transition accelerates
worldwide, corporate green transformation has become a critical micro-level foundation
for achieving sustainable development and high-quality economic growth [1,2]. Compared
with macro-level issues such as industrial transformation [3] and regional industrial restruc-
turing [4], corporate green transformation is more directly reflected in firms’ production
modes, innovation activities, resource allocation decisions, and environmental governance
practices. However, substantial heterogeneity exists in firms’ willingness and ability to
undertake green transformation, even when they face similar external institutional en-
vironments. While some firms actively integrate environmental objectives into strategic
decision making and innovation investment, others remain largely passive and merely
comply with external requirements. This divergence suggests that corporate green trans-
formation cannot be fully explained by external institutional pressures alone; rather, it is
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also necessary to examine how internal decision-makers perceive, interpret, and respond
to environmental issues.

Existing studies have primarily explained corporate green transformation from the
perspective of external drivers, including environmental regulation [5,6], green credit
policies [7,8], government intervention, and market pressure. Although these studies
have substantially advanced our understanding of the institutional determinants of green
transformation, several important gaps remain. First, the existing literature has paid rela-
tively limited attention to the internal cognitive mechanisms through which top executives
perceive environmental challenges, identify green development opportunities, and incor-
porate environmental considerations into strategic decision making. According to upper
echelons theory, managerial cognition plays a critical role in shaping strategic choices
and resource allocation decisions [9]. Therefore, executive environmental awareness may
represent an important micro-level foundation for understanding variations in corporate
green transformation [10].

Prior studies generally treat executive environmental awareness as a homogeneous
construct and pay insufficient attention to its heterogeneous sources and motivations. In
practice, executive environmental awareness may arise from regulatory requirements, com-
pliance pressures, and external accountability mechanisms [11,12], or from the recognition
of development opportunities, competitive advantages, and long-term value creation poten-
tial [13,14]. These two forms of awareness correspond to pressure-oriented environmental
awareness and development-oriented environmental awareness, respectively, and may
differ substantially in both their effectiveness and underlying mechanisms in promoting
corporate green transformation.

Although green innovation is widely regarded as a key driver of corporate green trans-
formation, existing research has paid insufficient attention to the heterogeneous nature of
green innovation itself. Substantive green innovation typically requires substantial R&D in-
vestment, long-term technological accumulation, and genuine technological breakthroughs.
In contrast, symbolic green innovation generally involves lower investment costs, shorter
implementation cycles, and greater external visibility, making it a more accessible means
for firms to respond to environmental regulations, market expectations, and stakeholder
pressures. Consequently, whether executive environmental awareness promotes corporate
green transformation through substantive green innovation or symbolic green innovation
remains an open empirical question.

Against this backdrop, this study seeks to address three research questions. First,
does executive environmental awareness promote corporate green transformation? Second,
do pressure-oriented environmental awareness and development-oriented environmental
awareness exert heterogeneous effects on corporate green transformation? Third, through
which type of green innovation does executive environmental awareness influence cor-
porate green transformation? To answer these questions, we construct textual measures
of executive environmental awareness and corporate green transformation using annual
reports of Chinese A-share listed firms from 2001 to 2024 and further examine the mediating
roles of different types of green innovation based on green patent data.

This study makes three main contributions. First, by focusing on executive environ-
mental awareness as an internal cognitive factor, we extend the literature on corporate
green transformation beyond the traditional emphasis on external institutional drivers and
provide a micro-level explanation of firms’ green transformation decisions. Second, we
distinguish between pressure-oriented and development-oriented environmental aware-
ness, thereby revealing the heterogeneous effects of different cognitive motivations on
corporate green transformation and enriching the literature on executive environmental
awareness. Third, we differentiate between substantive and symbolic green innovation
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and identify the specific innovation pathways through which executive environmental
awareness affects corporate green transformation. Our findings show that executive envi-
ronmental awareness primarily promotes corporate green transformation through symbolic
green innovation rather than substantive green innovation. This finding suggests that
the translation of environmental awareness into green transformation does not necessar-
ily occur through deep technological breakthroughs but may also operate through firms’
strategic responses to external environmental pressures and legitimacy demands, thereby
advancing our understanding of the heterogeneous roles of green innovation in the green
transformation process.

2. Theoretical Analysis and Research Hypotheses
2.1. Environmental Awareness and Corporate Green Transformation

Environmental awareness refers to a firm’s understanding, judgment, and respon-
siveness regarding environmental protection requirements, green development trends,
and the consequences of environmental behavior [15]. It reflects the extent to which a
firm values ecological responsibility and green development in business decision making,
and represents a cognitive approach that integrates external sustainability demands with
internal strategic objectives [16].

The positive role of environmental awareness can be understood from two perspec-
tives. From the perspective of cognitive stress theory [17], external pressures compel firms
to pay closer attention to environmental regulation, social supervision, and market con-
straints, thereby encouraging them to reduce pollutant emissions, standardize business
operations, and mitigate environmental and compliance risks. In this study, environ-
mental awareness arising from such external pressures is defined as pressure-oriented
environmental awareness.

By contrast, from the capability development view [18], firms may proactively identify
green development opportunities, optimize resource allocation, enhance green innovation
capabilities, and transform environmental protection requirements into technological im-
provement, product upgrading, and competitive advantage. This internally driven form of
environmental awareness is defined as development-oriented environmental awareness.
Taken together, environmental awareness constitutes an important cognitive foundation
for promoting corporate sustainable development.

Corporate green transformation refers to the continuous process through which firms
adjust their production modes, technological systems, resource use, organizational man-
agement, and strategic orientation toward lower pollution, lower energy consumption,
and higher efficiency [19]. In essence, it is a dynamic process through which firms seek to
reconcile economic performance with environmental responsibility. Proactive green trans-
formation is critical for firms to improve resource use efficiency, strengthen environmental
adaptability, and build long-term competitive advantages.

Accordingly, this study distinguishes environmental awareness into two dimensions,
namely pressure-oriented environmental awareness and development-oriented environ-
mental awareness, and examines their effects on corporate green transformation from the
perspectives of resource acquisition and resource constraints within the resource-based view.
Specifically, pressure-oriented environmental awareness compels firms to undertake green
transformation by strengthening their perception of environmental regulatory pressure,
stakeholder scrutiny, and environmental risk costs. Development-oriented environmen-
tal awareness, by contrast, promotes proactive green transformation by enhancing firms’
identification and integration of green resources, green technologies, and green market
opportunities. Based on the above discussion, the following hypotheses are proposed:
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Hypothesis 1. Environmental awareness has a positive effect on corporate green transformation.

Hypothesis 1a. Pressure-oriented environmental awareness has a positive effect on corporate green
transformation.

Hypothesis 1b. Development-oriented environmental awareness has a positive effect on corporate
green transformation.

2.2. The Mediating Role of Green Innovation

Green innovation refers to innovation activities through which firms incorporate green
principles and environmental protection requirements into product design, production
processes, organizational management, and resource utilization. Through technological im-
provement, process optimization, and managerial adjustment, green innovation helps firms
reduce resource consumption, decrease pollutant emissions, and improve environmental
performance [20].

According to its objectives and behavioral orientation, green innovation can be divided
into substantive green innovation and symbolic green innovation. Substantive green inno-
vation refers to innovation activities centered on energy conservation, pollution control,
cleaner production, and improved resource utilization efficiency. It emphasizes actual im-
provements in production and operational processes through green technologies and green
processes. Symbolic green innovation mainly reflects visible and responsive innovation
activities adopted by firms to satisfy external environmental expectations and legitimacy
requirements. It emphasizes how firms respond to external environmental requirements
through green project deployment, environmental image building, and environmental
information disclosure.

Environmental awareness is not only an important driver of corporate green transfor-
mation but also a key cognitive foundation for green innovation. Upper echelons theory
suggests that executives’ cognitive structures and value judgments shape firms’ strategic
choices, while the natural resource-based view argues that green resources, green capabili-
ties, and green innovation activities oriented toward environmental protection are essential
for firms to build sustained competitive advantages and achieve green transformation.
Existing studies have shown that when executives develop a clear understanding of envi-
ronmental protection, low-carbon development, and green competitive trends, they tend to
translate such awareness into strategic judgment and resource allocation, thereby promot-
ing firms’ engagement in green innovation [21]. Green innovation, in turn, can facilitate
corporate green transformation by improving resource efficiency, reducing environmental
burdens, and strengthening firms’ green capabilities. Therefore, drawing on upper ech-
elons theory and the natural resource-based view, this study argues that environmental
awareness can promote corporate green transformation through green innovation.

Environmental awareness can promote substantive green innovation [22]. This is
because executives’ attention to environmental issues and green development values
strengthens firms’ focus on energy conservation, emission reduction, pollution control,
and efficient resource use. Such awareness makes firms more willing to allocate financial,
technological, and managerial resources to green product development, cleaner produc-
tion upgrading, and process optimization [15]. Accordingly, environmental awareness
promotes substantive green innovation by enhancing firms” willingness to improve green
technologies and allocate resources to substantive green innovation activities.

Environmental awareness can also promote symbolic green innovation. This is mainly
because, when executives perceive environmental regulatory pressure, green market pref-
erences, and stakeholder scrutiny, they tend to attach greater importance to environmental
performance [23] and green legitimacy [24]. As a result, firms are more likely to respond to
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external demands by improving energy-saving and environmental protection equipment,
optimizing green packaging arrangements, and upgrading pollution control facilities. In
this sense, environmental awareness promotes symbolic green innovation by increasing
firms’ sensitivity to institutional pressure, market reputation, and social responsibility.
Based on the above discussion, the following hypotheses are proposed:

Hypothesis 2a. Substantive green innovation mediates the relationship between environmental
awareness and corporate green transformation.

Hypothesis 2b. Symbolic green innovation mediates the relationship between environmental
awareness and corporate green transformation.

Compared with substantive green innovation, symbolic green innovation is more likely
to serve as a relatively rapid and observable channel through which executive environmen-
tal awareness is translated into corporate green transformation. Executive environmental
awareness reflects managers’ perception of environmental regulation, market expectations,
and stakeholder pressure. However, whether such awareness can be transformed into
green innovation depends on the required resource commitment, technological uncertainty,
implementation cycle, and external visibility of different innovation activities.

Substantive green innovation usually involves green invention patents that require
substantial R&D investment, long-term technological accumulation, and genuine tech-
nological breakthroughs. Such innovation is characterized by higher uncertainty, longer
development cycles, and greater dependence on firms’ technological capabilities. Therefore,
even when executives have stronger environmental awareness, firms may not be able to
convert such awareness into substantive green innovation outputs in the short term.

By contrast, symbolic green innovation is mainly reflected in green utility model
patents, which are generally more incremental, less costly, easier to implement, and more
externally visible than green invention patents. These characteristics allow firms to respond
more quickly to environmental regulations, market expectations, and stakeholder pressures
by producing observable green innovation outputs. As a result, executive environmen-
tal awareness may be more readily translated into symbolic green innovation than into
substantive green innovation.

Accordingly, symbolic green innovation is expected to provide a more accessible and
responsive mediating channel between executive environmental awareness and corporate
green transformation. Therefore, the mediating effect of symbolic green innovation is likely
to be stronger than that of substantive green innovation. Based on the above analysis, the
following hypothesis is proposed:

Hypothesis 2c. The mediating effect of symbolic green innovation is stronger than that of substan-
tive green innovation in the relationship between executive environmental awareness and corporate
green transformation.

Based on the above theoretical analysis, the conceptual framework of this study is
presented in Figure 1.
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Figure 1. Conceptual framework.

3. Research Design
3.1. Model Specification

To examine the effect of environmental awareness on corporate green transformation,
this study estimates a two-way fixed effect model as follows:

GTy = ag + a1 ECA; + xoCONTROLS + «; + 6; + €

where i denotes the firm and ¢ denotes the year. GT represents the corporate green trans-
formation index, and ECA denotes executive environmental awareness. «( is the constant
term, w1 and ay are the coefficients to be estimated, a; captures firm fixed effects, J; captures
year fixed effects, and ¢ is the random error term.

3.2. Data Sources and Variable Definitions

This study uses Chinese A-share listed firms from 2001 to 2024 as the research sample.
Data are obtained from the China Stock Market and Accounting Research database and the
Chinese Research Data Services database. The raw data were processed as follows. First,
we excluded observations of ST, PT, and ST* firms. Second, we removed observations with
missing values for key variables and winsorized the main continuous variables at the 1% and
99% levels. After these procedures, the final sample consisted of 53,747 firm-year observations.

1.  Dependent variable. Corporate green transformation index (GT). GT captures firms’
disclosed green transformation engagement, reflecting the extent to which firms
communicate green development strategies, environmental governance practices,
resource-use improvement, pollution control, and green technological initiatives in
their annual reports. Following the text analysis methodology of Loughran and Mc-
Donald [25] and prior text-analysis studies on corporate green transformation [26-28],
we measured GT using the frequency of green-transformation-related terms disclosed
in firms” annual reports. The keyword dictionary was adapted from the established
113-term framework used in recent studies of corporate green transformation, which
classifies green-related expressions into five dimensions: advocacy and initiatives,
strategic orientation, technological innovation, pollution control, and environmental
management/governance. This framework is consistent with prior classifications such
as publicity initiatives, strategic concepts or strategic vision, technological innovation,
pollution control, and monitoring or environmental management. Accordingly, GT
was calculated by counting the occurrence of these keywords in each firm-year annual
report and applying the natural logarithm transformation, In(1 + keyword frequency),
to reduce skewness. The green transformation keyword dictionary used to construct
the GT variable is reported in Table 1.
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Table 1. Green transformation keyword dictionary.

Variable Dimension

Representative Keywords

Advocacy and Initiatives

green lifestyle, low-carbon lifestyle, green
consumption, environmental protection,
ecological conservation, etc.

Strategic Orientation

green development, circular development,
low-carbon development, sustainable
development, sustainable growth, etc.

Green Transformation (GT) Technological Innovation

green buildings, low-carbon buildings, green
construction, recycling and regeneration,
renewable energy development, etc.

Pollution Control

energy consumption reduction, resource-use
efficiency improvement, enhancement of
recycling utilization, energy conservation,
etc.

Environmental Management and
Governance

resource constraints, environmental
pollution, ecological degradation, resource
depletion, ecosystem degradation, etc.

2. Core explanatory variable. Executive environmental awareness (ECA). Following
the textual analysis approach of Hu et al. [29] and related studies [30,31], we con-
structed an ECA keyword dictionary using annual report texts. Existing studies
generally measure executive green cognition from three dimensions: awareness of

green competitive advantage, awareness of corporate social responsibility, and per-

ception of external environmental pressure. Based on this established framework and

the theoretical focus of this study, we further classified ECA into pressure-oriented

environmental awareness and development-oriented environmental awareness. The

executive environmental awareness keyword dictionary, including pressure-oriented

and development-oriented environmental awareness, is presented in Table 2.

Table 2. Executive environmental awareness keyword dictionary.

Variable Dimension Measurement Basis Representative Keywords
environmental policy,
Emphasis on environmental regulation,
environmental policies environmental law,
Pressure-Oriented and regulations environmental governance,
. etc.
Environmental
Awareness (PEA) environmental authorities,
Emphasis on compliance environmental supervision,
requirements imposed by environmental protection
regulatory authorities work, environmental

Executive Environmental
Awareness (ECA)

requirements, etc.

environmental strategy,

Proactive formulation of environmental planning,
environmental strategies environmental philosophy,
and plans low-carbon environmental

Development-Oriented protection, etc.
Environmental :
Awareness (DEA) environmental management,

Implementation of environmental education,

environmental environmental training,
management activities environmental technology

development, etc.
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Mediating variables. Substantive green innovation (GREEN_H) was measured by the
natural logarithm of one plus the number of green invention patents, following Khalid
etal. [21]. Symbolic green innovation (GREEN_I) was measured by the natural logarithm
of one plus the number of green utility model patents, following Xiao et al. [32].
Control variables. Following Dagestani et al. [1], Garcia-Sdnchez et al. [33], and
Birindelli et al. [34], this study includes the following control variables: firm size
(SIZE), firm age (AGE), leverage (LEV), board size (BOARD), revenue growth
(GROWTH)), cash flow ratio (CFLOW), proportion of independent directors (IN-
DEP), shareholding ratio of the largest shareholder (Top1), CEO duality (DUAL), fixed
asset ratio (FIXED), and Tobin’s Q (TOBINQ). The definitions and measurements of
all variables used in this study are summarized in Table 3.

Table 3. Variable definitions.

Variable Type Variable Name Variable Symbol Definition
Dependent Variable Green transformation index GT Natural logarithm of one plus the frequency
of green transformation-related keywords
. . Total frequency of executive environmental
Executive environmental .
ECA awareness-related keywords in annual
awareness ) .
reports of listed firms
. Total frequency of pressure-oriented
. Pressure-oriented . ;
Explanatory Variable . PEA executive environmental awareness
environmental awareness . . .
keywords in annual reports of listed firms
Development-oriented Total frequency (?f development-oriented
. DEA executive environmental awareness
environmental awareness . . .
keywords in annual reports of listed firms
Substantive green innovation GREEN_H Natural loganthrp of one plus the number of
o . green invention patents
Mediating Variable N T o of 1us th —
Symbolic green innovation GREENLI atural logarit m otone pius the number o
green utility model patents
Firm size SIZE Natural logarithm of total assets at year-end
Firm age AGE Natural logarithm of firm age
Leverage LEV Ratio of total liabilities to total assets
Board size BOARD Number of directors on the board

Control Variables

Ratio of current-year operating revenue
Revenue growth GROWTH minus prior-year operating revenue to
prior-year operating revenue

Ratio of net cash flow from operating

largest shareholder

Cash flow ratio CELOW activities to total current liabilities
Proportloq of independent INDEP Ratio of independent directors to board size
directors
Shareholding ratio of the TOP1 Shareholding ratio of the largest shareholder

Equals 1 if the chairperson and the general
CEO duality DUAL manager are the same person, and
0 otherwise

Fixed asset ratio FIXED Ratio of net fixed assets to total assets

Ratio of firm market value to replacement

Tobin’s Q TOBINQ cost of assets
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3.3. Descriptive Statistics

Table 4 reports the descriptive statistics for the main variables. The mean value of
corporate green transformation (GT) is 1.796, with a standard deviation of 0.961, indicating
that green transformation varies across sample firms. Executive environmental awareness
(ECA) also shows considerable variation, suggesting that environmental awareness is
unevenly distributed across firms and is relatively high only among a subset of firms.
Overall, the sample firms are relatively stable in terms of firm size, firm age, and capital
structure, while their profitability, growth, and market valuation exhibit a certain degree

of heterogeneity.

Table 4. Descriptive statistics.

Variable Observations Mean Szaxzriljtaif)crll Minimum Median Maximum
GT 53,747 1.795985 0.9608624 0 1.791759 5.826
ECA 53,747 3.061436 6.573803 0 1 400
SIZE 53,747 22.10287 1.299145 19.33262 21.90478 26.45228
AGE 53,747 2.858731 0.4079537 1.098612 2.944439 3.663562
LEV 53,747 0.4274371 0.2048697 0.0274426 0.4231441 0.9901426
ROA 53,747 0.0388647 0.0661557 —0.374996 0.038131 0.255226
GROWTH 53,747 0.1558596 0.3822416 —0.73678 0.101894 3.808222
CFLOW 53,747 0.0481216 0.0701163 —0.2324837 0.047232 0.2825168
BOARD 53,747 2.12999 0.2041114 1.098612 2.197225 2.772589
INDEP 53,747 37.30944 5.462926 0 33.33 60
TOP1 53,747 0.3461068 0.1512209 0.074013 0.322729 0.758434
DUAL 53,747 0.2722943 0.4451447 0 0 1
FIXED 53,747 0.2206671 0.1633744 0.0016049 0.1875225 0.8063667
TOBINQ 53,747 1.948633 1.265917 0.788775 1.549243 16.64723

4. Empirical Results
4.1. Baseline Regression

Table 5 presents the baseline regression results for the effect of environmental aware-
ness on corporate green transformation. Column (1) includes only environmental aware-
ness, while Column (2) further controls for firm characteristics and governance variables.
The result in Column (1) shows that the coefficient of environmental awareness (ECA) is
0.030 and significant at the 1% level, indicating that environmental awareness promotes
corporate green transformation. After the control variables are added, the coefficient of
ECA remains positive and statistically significant, supporting Hypothesis H1.

The results in Table 5 also show that firm size (SIZE), firm age (FIRMAGE), profitability
(ROA), and fixed asset ratio (FIXED) are significantly positive. This suggests that larger
and more mature firms, as well as firms with stronger profitability and a more solid asset
base, are more likely to advance green transformation. The R-squared value increases from
0.729 in Column (1) to 0.734 in Column (2), indicating that the inclusion of control variables
improves the explanatory power of the model. Overall, the baseline results support the
positive effect of environmental awareness on corporate green transformation.
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Table 5. Effect of environmental awareness on corporate green transformation.

1) 2)
GT GT
0.030 *** 0.029 ***
ECA (0.011) (0.011)
0.135 ***
SIZE (0.012)
0.086 *
FIRMAGE 0.051)
—0.038
LEV (0.042)
0.244
ROA (0.069)
0.001
GROWTH ©.007)
—0.028
CASHFLOW 0019)
—0.016
BOARD 0.036)
—0.001
INDEP (0.001)
0.103
ToP1 (0.068)
—0.005
DUAL (0.011)
0.199 ***
FIXED 0,062
—0.001
TOBINQ (0.004)
cons 1.703 *** —1.519 ®*
- (0.033) (0.294)
N 53,745 53,745
Firm FE YES YES
Year FE YES YES
R2 0.729 0.734

Standard errors are reported in parentheses. * p < 0.10, *** p < 0.01.

4.2. Mediation Analysis
4.2.1. Green Innovation Channels

This section examines the mechanism through which environmental awareness affects
corporate green transformation. The following model is specified:

Mediatory = Bo + B1ECA;; + BoControls + a; + 6t + ¢

where the definitions and measurements of the explanatory variable and control variables
are consistent with those in the baseline regression. i denotes the firm, and ¢ denotes the
year. Mediator represents the mediating variables, including substantive green innovation
(GREEN_H) and symbolic green innovation (GREEN_I). ECA denotes executive environ-
mental awareness. f is the constant term, 1 and p; are the coefficients to be estimated,
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«; and &; denote firm fixed effects and year fixed effects, respectively, and ¢ is the random
error term.

Table 6 reports the results of the mechanism test for green innovation. Columns (1) and
(2) examine the channel of substantive green innovation, while Columns (3) and (4) examine
the channel of symbolic green innovation. The result in Column (1) shows that executive
environmental awareness has no significant effect on substantive green innovation. In
Column (2), the effect of substantive green innovation on corporate green transformation is
also statistically insignificant. By contrast, Column (3) shows that executive environmental
awareness significantly promotes symbolic green innovation, and Column (4) further shows
that symbolic green innovation significantly promotes corporate green transformation.
These results suggest that executive environmental awareness promotes corporate green
transformation mainly through symbolic green innovation rather than substantive green
innovation. The Bootstrap test of indirect effects further shows that the indirect effect of
symbolic green innovation is significant, whereas that of substantive green innovation is not.
Therefore, Hypothesis H2a is not supported, while Hypotheses H2b and H2c are supported.

Table 6. Mechanism test: green innovation channels.

1) (2) 3) 4
GREEN_H GT GREEN_I GT
ECA 0.000 0.029 *** 0.001 *** 0.029 ***
(0.001) (0.011) (0.000) (0.011)
GREEN_H (881%
GREEN_I 0(8%%;;*
Controls YES YES YES YES
cons —0.899 *** —0.687 *** —1.025 *** —0.500 ***
- (0.167) (0.144) (0.188) (0.114)
N 53,745 53,745 53,745 53,745
Firm FE YES YES YES YES
Year FE YES YES YES YES
R? 0.566 0.734 0.598 0.734

Standard errors are reported in parentheses. *** p < 0.01.

This result suggests that, as executive environmental awareness increases, firms are
more inclined to respond to green transformation requirements through symbolic green
innovation, which is relatively less costly, faster to implement, and more externally visible,
rather than immediately translating such awareness into substantive green innovation that
requires longer investment cycles and higher technological thresholds. In other words, the
effect of executive environmental awareness on corporate green transformation exhibits a
strategic response pattern, reflecting firms’ relatively prompt responses to environmental
regulation, market evaluation, and stakeholder pressure.

4.2.2. Bootstrap Test for Mediating Effects

To further examine whether the mediating effect of symbolic green innovation is
significantly stronger than that of substantive green innovation, we conduct a Bootstrap
test for the difference between the two indirect effects. The results show that the indirect
effect through substantive green innovation is positive but insignificant, whereas the
indirect effect through symbolic green innovation is positive and statistically significant.
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More importantly, the difference between the two indirect effects is significantly positive
(diff = 0.0000328, p = 0.034), with the 95% confidence interval not including zero. This
indicates that symbolic green innovation plays a significantly stronger mediating role
than substantive green innovation in the relationship between executive environmental
awareness and corporate green transformation, thereby providing empirical support for
H2c. To further verify whether the mediating effect of symbolic green innovation differs
significantly from that of substantive green innovation, the Bootstrap test results for the
difference between the two mediating effects are reported in Table 7.

Table 7. Bootstrap test of the difference between mediating effects.

Path Indirect Effect Bootstrap SE 95% CI
ECA — Substantive green innovation — GT 0.00000126 0.00000376 [—0.00000611, 0.00000863]
ECA — Symbolic green innovation — GT 0.00003410 0.00001500 [0.00000474, 0.00006350]
Difference 0.00003280 0.00001550 [0.00000252, 0.00006320]

4.3. Endogeneity Tests
4.3.1. Instrumental Variable Approach

This study uses the lagged mean value of executive environmental awareness among
other firms in the same industry, excluding the focal firm itself, as an instrumental vari-
able (ECA_IND). Although industry-level environmental awareness may partially reflect
common industry trends, the inclusion of firm and year fixed effects helps alleviate this
concern. Therefore, the IV results should be interpreted as supportive rather than definitive
evidence of causality. Table 8 reports the results of the instrumental variable estimation.
The first stage regression shows that the coefficient of the instrumental variable is 0.523 and
is significant at the 1% level, indicating that the lagged environmental awareness of indus-
try peers significantly explains the focal firm’s executive environmental awareness. The
second stage regression shows that the coefficient of executive environmental awareness
is 0.110 and remains significant at the 1% level, suggesting that executive environmental
awareness continues to promote corporate green transformation after the instrumental
variable approach is used to address potential endogeneity concerns.

Table 8. Instrumental variable estimation results.

IV Estimation Results

ECA GT
0.523 ***
ECA_IND (0.048)
0.110 ***
ECA (0.011)
Controls YES YES
o 93.796
LM statistic (0.000)
o 862.576
Cragg-Donald Wald F statistic (16.380)
N 53,606 53,606
Firm FE YES YES
Year FE YES YES

Standard errors are reported in parentheses. *** p < 0.01.
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The LM statistic is 93.796, with a p value of 0.000, which rejects the null hypothesis
of underidentification. The Cragg-Donald Wald F statistic is 862.576, higher than the
Stock Yogo critical value of 16.380 at the 10% maximal IV size level, indicating that weak
instrument concerns are unlikely to be severe. Overall, the instrumental variable results
further support the baseline conclusion.

4.3.2. Heckman Two-Stage Model

To further alleviate potential concerns arising from sample selection bias, this study
employs the Heckman two-stage model. In the first stage, a firm’s inclusion in the final
sample is used as the selection variable, and the proportion of other firms in the same
industry entering the sample is used as the exclusion variable. The Probit results show that
the coefficient of this industry peer selection variable is significantly positive, indicating
that sample inclusion at the industry level has a significant effect on the likelihood that a
firm enters the final sample.

In the second stage, the inverse Mills ratio is included in the baseline regression. The
results show that the coefficient of the inverse Mills ratio is —0.2917 and significant at the
1% level, suggesting the presence of sample selection bias. Meanwhile, the coefficient of
executive environmental awareness is 0.0288 and remains significant at the 1% level. This
indicates that, after controlling for sample selection bias, the main conclusion of this study
remains robust.

4.4. Robustness Checks
4.4.1. Excluding the Impact of Special Events

To further rule out the possibility that the estimation results are affected by the COVID-
19 pandemic and other special period shocks, this study follows Sun et al. [35] and excludes
observations from 2019 to 2023 before estimating the baseline model again. As shown in
Column (1) of Table 9, the positive effect of environmental awareness on corporate green
transformation remains significant. This result indicates that the baseline finding is not
driven by special period shocks and further supports the robustness of the main conclusion.

Table 9. Robustness checks.

(1)

) 3) 4) (5) (6) (7) 8) )

GT Tobit Poisson GT GT GT GT GT ESG_E
ECA 0.039 *** 0.032 *** 0.011 *** 0.023 * 0.026 ** 0.051 *** 0.029 *** 0.006 ***
(0.012) (0.011) (0.004) (0.013) (0.011) (0.001) (0.011) (0.002)
LECA %’ég;
Controls YES YES YES YES YES YES YES YES YES
cons —1.560 ***  —2.405 *** 2.155 ** —1.410*** —1.348** —1.587 *** 1598 *** —1.519 **  —2.120***
- (0.313) (0.250) (0.900) (0.434) (0.327) (0.313) (0.264) (0.294) (0.545)
N 32,621 53,745 53,745 22,449 43,116 49,022 53,745 53,745 46,351
Firm FE YES YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES YES
R? 0.694 0.261 0.128 0.732 0.735 0.731 0.749 0.734 0.473

Standard errors are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

4.4.2. Alternative Regression Models

To further examine whether the baseline results are sensitive to model specification,
this study replaces the baseline regression with Tobit and Poisson models. The results
are reported in Columns (2) and (3) of Table 9. The coefficients of environmental aware-
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ness remain significantly positive, providing further evidence that the positive effect
of environmental awareness on corporate green transformation is robust to alternative
model specifications.

4.4.3. Restricting the Sample to Manufacturing Firms

Given that manufacturing firms are characterized by more pronounced energy con-
sumption and pollutant emissions, they face stronger demand for green transformation [36].
This study therefore restricts the sample to manufacturing firms as a robustness check.
As shown in Column (4) of Table 9, the coefficient of executive environmental awareness
remains significantly positive in the manufacturing subsample. This finding indicates that
the main conclusion is not driven by differences in industrial composition in the full sam-
ple. It continues to hold among firms facing stronger green transformation pressures and
engaging in more typical green innovation activities, thereby strengthening the robustness
of the research findings.

4.4.4. Excluding Municipalities

Given the special status of municipalities in terms of administrative hierarchy, resource
concentration, environmental regulation, and industrial structure [37], corporate green
transformation in these cities may be more strongly influenced by policy support and
resource advantages. To avoid the potential influence of these special regional samples on
the results, this study removes firms located in municipalities and estimates the baseline
model again. As shown in Column (5) of Table 9, the main conclusion remains robust.

4.4.5. Lagged Explanatory Variable

To alleviate potential reverse causality concerns, this study further estimates the baseline
model using the one-period lagged value of executive environmental awareness as the core
explanatory variable. As shown in Column (6) of Table 9, the coefficient of lagged executive
environmental awareness remains significantly positive. This result suggests that the effect
of executive environmental awareness on corporate green transformation exhibits some
intertemporal persistence, further supporting the robustness of the baseline conclusion.

4.4.6. Length-Normalized Measure of Executive Environmental Awareness

Since the ECA variable is constructed based on the frequency of environmental-related
keywords appearing in annual reports, the estimated results may be affected by differences
in document length across firms. Specifically, firms with longer annual reports may me-
chanically exhibit higher keyword frequencies, thereby introducing potential measurement
bias. To alleviate this concern, we reconstruct the ECA variable by normalizing the total
frequency of ECA-related keywords by the total number of words in each annual report and
multiplying the resulting ratio by 10,000 to obtain the frequency of ECA-related keywords
per 10,000 words. We then apply the transformation In(1 + x) to reduce skewness. The
regression results are reported in Column (7) of Table 9. The coefficient of the length-
normalized ECA remains significantly positive, indicating that the positive relationship
between executive environmental awareness and corporate green transformation is not
driven by differences in annual report length or disclosure intensity. Therefore, the baseline
findings remain robust.

4.4.7. Excluding the Strategic-Orientation Dimension of GT

Although executive environmental awareness (ECA), green innovation, and corpo-
rate green transformation (GT) are conceptually related, they represent distinct stages of
the theoretical framework. Specifically, ECA reflects executives” environmental cognition,
awareness, and value orientation, capturing how managers perceive, interpret, and priori-

https://doi.org/10.3390/su18136567


https://doi.org/10.3390/su18136567

Sustainability 2026, 18, 6567

15 of 20

tize environmental issues in strategic decision making. Green innovation is measured by
green patent applications and reflects firms” actual innovation activities and technological
outputs, representing the behavioral mechanism through which managerial cognition is
translated into organizational actions. In contrast, GT captures firms’ overall green transfor-
mation practices and outcomes, including environmental governance, resource utilization,
green development, and sustainable operation. Therefore, ECA, green innovation, and GT
correspond to the cognitive, behavioral, and outcome stages of the green transformation
process, respectively, rather than alternative measures of the same construct.

To further alleviate concerns regarding potential conceptual overlap between ECA
and the strategic-orientation dimension of GT, we reconstruct the GT index by excluding
the strategic-orientation keywords and re-estimate the baseline model. The rationale is
that strategic-orientation expressions in the GT dictionary may conceptually overlap with
environmental strategy-related expressions contained in the ECA dictionary. The regression
results are reported in Table 9 As shown in Column (8) of Table 9, the coefficient of ECA
remains significantly positive.

4.4.8. Replacing the Dependent Variable with the ESG Environmental Pillar Score

To further address the concern that the text-based GT measure may not fully capture
firms” actual green transformation outcomes, we use the environmental pillar score of
ESG as an alternative dependent variable. Compared with word frequency measures, ESG
environmental scores provide a more direct assessment of firms’ environmental governance
and environmental performance. The result in Column (9) shows that the coefficient of
ECA remains positive and statistically significant at the 1 percent level. Specifically, the
estimated coefficient is 0.006, indicating that higher executive environmental awareness
is associated with better environmental performance. This finding is consistent with the
baseline results and suggests that the positive effect of executive environmental awareness
is not driven solely by textual disclosure, but also reflected in a more direct environmental
outcome measure.

4.5. Common-Source Bias and Multicollinearity Tests

ECA reflects executives’ environmental cognition, awareness, and value orientation,
representing the cognitive level of managerial decision making. Green innovation is mea-
sured by green patent applications and captures firms’ innovation activities and outputs,
representing the behavioral level. GT reflects firms’ overall green transformation practices
and outcomes, covering multiple dimensions such as environmental governance, resource
utilization, and green development. Therefore, the three variables correspond to different
stages from cognition to action and ultimately to transformation outcomes.

The Pearson correlation coefficient between GT and ECA is 0.413, indicating a moder-
ate association rather than a high degree of overlap. Moreover, the VIF of ECA is 1.05 and
the mean VIF is 1.31, both well below commonly accepted thresholds. These results suggest
that the two variables are related but not mechanically equivalent, and that common-source
bias or multicollinearity is unlikely to materially affect the empirical findings. The results
of the common-source bias and multicollinearity tests are reported in Table 10.

Table 10. Common-source bias and multicollinearity tests.

Variable GT ECA VIF
GT 1.0000
ECA 0.4129 1.0000 1.05
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4.6. Heterogeneity Analysis

This study first conducts a heterogeneity analysis based on ownership structure.
As shown in Table 11, executive environmental awareness promotes corporate green
transformation in both state-owned and non-state-owned firms, but the effect is stronger
among non-state-owned firms.

Table 11. Heterogeneity analysis.

1) 2)
GT GT
0.021 **
ECA X SOE (0'009)
0.062 ***
0.056 ***
ECA x EAST (0.005)
0.022
ECA x CENTRAL (0.015)
0.014 *
ECA x WEST (0.008)
Controls YES YES
cons —1.358 *** —1.405 ***
- (0.274) (0.279)
N 53,745 53,725
Firm FE YES YES
Year FE YES YES
R2 0.740 0.742

Standard errors are reported in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

This result suggests that green transformation in non-state-owned firms is more closely
associated with executives’ individual cognition and strategic judgment. Compared with
state-owned firms, non-state-owned firms are subject to relatively weaker administrative
green development mandates and policy constraints, and their green transformation is
therefore more likely to be shaped by internal governance, market opportunity recognition,
and executives’ proactive decision making. Consequently, when executives in non-state-
owned firms have stronger environmental awareness, such awareness is more likely to
be translated into green investment, green management, and green innovation. Although
state-owned firms are also influenced by executive environmental awareness, their green
transformation is often shaped simultaneously by government assessment, policy responsi-
bility, and public ownership attributes, which may weaken the marginal role of executive
environmental awareness.

This study further conducts a heterogeneity analysis across eastern, central, and
western regions. As shown in Table 11, the positive effect of executive environmental
awareness on corporate green transformation is mainly observed among firms located in
eastern China. The effect is weaker among firms in western China and is not statistically
significant among firms in central China. This result indicates that regional institutional
environments and resource conditions affect how effectively executive environmental
awareness is translated into green transformation practices.

Eastern China generally has a higher level of marketization, more developed green
finance, richer technological and human capital resources, and more mature environmental
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information disclosure mechanisms. These conditions make it easier for executives’ envi-
ronmental awareness to be converted into green transformation practices through resource
allocation and strategic implementation. By contrast, firms in central and western China
often face relatively insufficient green technology supply, capital support, and market
pressure. Even when executives possess a certain degree of environmental awareness,
resource constraints and transformation costs may limit their practical effect.

Overall, the heterogeneity analysis shows that the effect of executive environmental
awareness on corporate green transformation is not homogeneous, but is shaped by owner-
ship structure and regional development environments. Specifically, the effect is stronger
in non-state-owned firms than in state-owned firms, and stronger in eastern China than
in central and western China. This suggests that the effectiveness of executive environ-
mental awareness requires market-oriented institutional support, resource availability, and
organizational autonomy.

5. Further Analysis

Table 12 reports the effects of pressure-oriented and development-oriented environ-
mental awareness on corporate green transformation. Column (1) presents the result
for pressure-oriented environmental awareness, while Column (2) presents the result for
development-oriented environmental awareness. The results show that both PEA and
DEA have significantly positive coefficients, indicating that different dimensions of execu-
tive environmental awareness can promote corporate green transformation, although the
magnitude of their effects differs.

Table 12. Effects of pressure-oriented and development-oriented environmental awareness on
corporate green transformation.

1) (2)
GT GT
PEA 008
i
Controls YES YES
—1.598 *+* —1.611 ***
—cons (0.280) (0.297)
N 53,745 53,745
Firm FE YES YES
Year FE YES YES
R? 0.728 0.727

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

6. Conclusions and Implications

Using data on Chinese A-share listed firms from 2001 to 2024, this study examines
the effect of executive environmental awareness on corporate green transformation and
the underlying mechanisms. The results show that executive environmental awareness
significantly promotes corporate green transformation. This finding remains robust after
applying the instrumental variable approach, the Heckman two-stage model, alternative
model specifications, and sample adjustment tests.

The mechanism analysis shows that environmental awareness does not merely remain
at the level of managerial cognition, but is translated into green transformation practices
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through green innovation. However, this transmission mainly relies on symbolic green
innovation, whereas the mediating role of substantive green innovation is not significant.
Further distinguishing between different types of environmental awareness, the results
show that pressure-oriented environmental awareness has a stronger effect on corporate
green transformation than development-oriented environmental awareness. This suggests
that corporate green transformation in the current institutional context still exhibits a clear
external pressure response pattern.

The heterogeneity analysis further shows that the positive effect of executive en-
vironmental awareness is more pronounced among non-state-owned firms and firms
located in eastern China. This indicates that ownership structure and regional institutional
environments affect how effectively environmental awareness is translated into green
transformation practices.

First, firms should translate executive environmental awareness into a sustained
green strategic orientation. The findings show that executive environmental awareness
significantly promotes corporate green transformation. Therefore, firms should not treat
environmental protection merely as a compliance issue or a short-term response task, but
should integrate it into business decision making, investment planning, and performance
evaluation. In particular, boards of directors and top management teams should contin-
uously monitor changes in environmental policies, carbon reduction requirements, and
industry-level green development trends. Through targeted training, strategic discussions,
and the decomposition of green objectives, firms can enhance managers’ understand-
ing of the necessity and urgency of green transformation and ensure that environmental
awareness is embedded in the strategic decision-making process.

Second, firms should strengthen their ability to translate environmental awareness
into green innovation. The mechanism analysis shows that green innovation is an im-
portant pathway through which executive environmental awareness promotes corporate
green transformation, and that this pathway currently operates mainly through symbolic
green innovation. This suggests that, when responding to external green requirements,
firms should not remain at the level of green narratives, green certifications, or low-cost
patent deployment. Instead, they should gradually increase investment in substantive
green innovation. Firms can build more stable research and development investment
mechanisms and cross-functional coordination mechanisms around energy conservation,
cleaner production, green process upgrading, and green product development. In this way,
symbolic green innovation can evolve toward substantive green innovation, preventing
green transformation from becoming merely symbolic or superficial.

Finally, governments and market institutions should provide more targeted support
according to firm type and regional differences. The findings show that the effect of execu-
tive environmental awareness is stronger among non-state-owned firms and firms located
in eastern China, indicating that firms differ in their ability to translate environmental
awareness into green transformation actions. For non-state-owned firms, policy support
should focus on reducing transformation costs and strengthening their motivation for
proactive transformation through green finance, tax incentives, innovation subsidies, and
information services. For firms in central and western China, greater efforts should be
made to improve the supply of green technologies, environmental service platforms, and
policy guidance, so as to compensate for deficiencies in resources, talent, and market con-
ditions. In this way, environmental awareness can be translated into substantive green
transformation outcomes across a broader range of enterprises.
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