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Abstract

Digital transformation and firm environmental performance have emerged as central topics in the field of corporate sus-
tainability. However, few publications have explored how managerial characteristics influence this relationship. This paper
aims to address this gap by examining the impact of digital transformation on firm environmental performance, with a
particular focus on the moderating role of managerial overseas experience. Using a sample of Chinese listed companies
from 2011 to 2021, we employ robust econometric models to analyse the effects and variations across firms. Our findings
reveal that digital transformation significantly enhances firm environmental performance. This positive impact is more
pronounced in non-high-pollution firms compared to high-pollution firms. Furthermore, we identify managerial overseas
experience as a critical moderating factor, strengthening the positive relationship between digital transformation and firm
environmental performance. This study provides valuable insights for firms pursuing sustainable development strategies
through digital transformation, emphasizing the importance of managerial overseas experience in achieving improved
environmental outcomes.
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Introduction

As global concerns about environmental sustainability
intensify, firms face increasing pressure to address envi-
ronmental performance while maintaining competitive
advantage. Against this backdrop, digital transformation
has emerged as a transformative force, enabling firms to in-
novate, optimize operations, and pursue sustainable devel-
opment goals [1; 2]. By integrating advanced technologies
such as artificial intelligence, big data, cloud computing,
and blockchain into their business processes, firms can re-
duce resource consumption, improve operational efficien-
cy, and enhance transparency, thereby driving significant
improvements in environmental outcomes [3]. However,
while the literature increasingly acknowledges the role of
digitalization in fostering sustainability, the specific mech-
anisms and contextual factors shaping this relationship re-
main insufficiently explored.

One critical yet underexamined factor is the role of man-
agerial overseas experience. Managers with international
exposure bring unique insights, diverse perspectives, and
a global mindset to decision-making, which can influence
how firms leverage digital transformation for environmen-
tal performance. The Upper Echelons Theory [4] suggests
that managerial overseas experience can enhance firms’
ability to adopt and implement advanced digital technol-
ogies in ways that align with environmental goals. These
managers are more likely to recognize the long-term stra-
tegic benefits of environmental initiatives, adopt inter-
national best practices, and embrace stakeholder-driven
sustainability standards [5]. However, empirical evidence
on whether and how managerial overseas experience mod-
erates the digital transformation — environmental perfor-
mance relationship remains scarce.

Furthermore, firms face varying degrees of environmen-
tal challenges depending on their industry characteris-
tics. In high-pollution industries, such as manufacturing
or energy, firms may prioritize short-term financial gains
over long-term environmental improvements, limiting
the potential benefits of digital transformation [6]. In con-
trast, non-high-pollution firms often operate under less
intense environmental scrutiny and are better positioned
to capitalize on the efficiencies and innovations enabled by
digitalization. These industry variations raise important
questions about the differential impact of digital transfor-
mation on firm environmental performance.

To address these gaps, this study empirically examines the
relationship between digital transformation and firm en-
vironmental performance, with a particular focus on the
moderating role of managerial overseas experience. Using
a comprehensive dataset of Chinese listed firms from 2011
to 2021, we reveal that digital transformation significantly
enhances firm environmental performance. Notably, this
positive effect is more pronounced in non-high-pollution
firms compared to high-pollution firms. Furthermore,
managerial overseas experience positively moderates this
relationship, amplifying the environmental benefits of dig-
ital transformation.

This study makes several important contributions to the
existing literature. First, it provides robust empirical evi-
dence on the role of digital transformation in improving
firm environmental performance, advancing the under-
standing of how digital technologies drive sustainabil-
ity outcomes. This adds to the growing body of research
emphasizing the strategic importance of digitalization for
addressing environmental challenges. Second, our analy-
sis identifies managerial overseas experience as a critical
moderating factor, offering fresh insights into the role of
leadership characteristics in facilitating the successful
implementation of digital strategies for sustainability. By
doing so, it highlights the significance of globalized man-
agerial perspectives in shaping environmental outcomes.
Third, this study underscores the importance of industry
heterogeneity by demonstrating that the positive impact of
digital transformation on environmental performance is
more evident in non-high-pollution industries. This find-
ing provides a nuanced understanding of the contextual
factors influencing the environmental benefits of digitali-
zation, offering valuable implications for industry-specific
policy and managerial strategies.

The remainder of this paper is structured as follows. Sec-
ond section reviews the relevant literature and theoretical
foundations, leading to the development of hypotheses.
Third section outlines the data, variable construction, and
empirical methodology. Fourth section presents the re-
sults, including robustness checks, and discusses the find-
ings. Finally, fifth section concludes the study and suggests
avenues for future research.

Theoretical Foundations
and Hypothesis Development

Resource-Based Theory

The resource-based view (RBV) is a foundational theory in
strategic management that emphasizes the role of firm-spe-
cific resources and capabilities in achieving and sustaining
competitive advantage [7]. According to RBV, resources
that are valuable, rare, inimitable, and non-substitutable
form the basis for long-term performance and differenti-
ation in competitive markets. These resources can include
tangible assets, intangible assets, and organizational capa-
bilities that enable firms to effectively exploit opportunities
and mitigate threats in their environments [8].

Within the RBV framework, technological advancements,
particularly digital transformation, are increasingly recog-
nized as strategic resources that can unlock operational ef-
ficiencies, promote innovation, and address environmental
challenges [9]. Digital transformation, defined as the inte-
gration of advanced digital technologies - such as big data,
artificial intelligence, cloud computing, and blockchain -
into firms’ operations, equips organizations with dynamic
capabilities to optimize resource utilization and improve
sustainability outcomes. By enabling firms to transform
business processes and manage resources more efficiently,
digital transformation serves as a strategic tool to enhance
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environmental performance, aligning with the core tenets
of RBV.

Upper Echelons Theory

The Upper Echelons Theory (UET), introduced by Ham-
brick and Mason (1984) [4], posits that organizational
outcomes — such as strategies, performance, and innova-
tion - are significantly influenced by the demographic and
experiential characteristics of top managers. According
to UET, managerial decisions are not purely rational but
are shaped by cognitive frames, values, and experiences,
which arise from factors such as age, education, functional
background, and international exposure [10]. These char-
acteristics serve as filters through which managers perceive
challenges, evaluate opportunities, and formulate strate-
gies, ultimately determining firm performance and strate-
gic direction.

Among the various managerial traits, overseas experience
is increasingly recognized as a key determinant of manage-
rial cognition and decision-making capabilities. Managers
with overseas backgrounds are exposed to diverse institu-
tional environments, global best practices, and advanced
technologies, which broaden their cognitive scope and
enhance their ability to identify strategic opportunities. In
the context of digital transformation and environmental
performance, managerial overseas experience equips top
executives with a global mindset, fostering greater aware-
ness of sustainability imperatives and innovative pathways
to achieve environmental goals [11]. Thus, UET provides a
robust theoretical lens to understand how managers’ inter-
national exposure moderates the relationship between cor-
porate digitalization and firm environmental performance.

Hypothesis Development
Direct Effect Hypothesis

RBV provides a strong theoretical foundation for under-
standing how digital transformation positively influences
firm environmental performance. As firms face increas-
ing pressure to achieve environmental sustainability, their
ability to leverage unique and strategic resources becomes
critical. Digital transformation, as a technological and or-
ganizational resource, enhances firms’ capabilities to re-
duce environmental impact through improved operational
efficiency, innovation, and resource optimization.

First, digital transformation facilitates efficient resource
management, which directly supports environmental sus-
tainability. Advanced digital technologies, such as big data
analytics and artificial intelligence, enable firms to moni-
tor and optimize energy consumption, emissions, and re-
source utilization in real time [12]. By providing granular
insights into operational inefficiencies, these technologies
empower firms to adopt cleaner production methods and
reduce their environmental footprint. For instance, big
data analytics allows firms to identify patterns in energy
usage, while artificial intelligence optimizes production
processes to minimize waste and emissions [13]. Such ef-
ficiency gains align with RBV, as firms with superior tech-

nological capabilities are better positioned to capitalize on
these resources to improve environmental performance.

Second, digital transformation promotes technological in-
novation, a key driver of sustainable environmental prac-
tices. According to RBV, innovation capabilities are critical
for firms to develop and sustain competitive advantages in
dynamic environments [14]. Digital technologies enable
firms to invest in green innovations, such as eco-friendly
products, low-carbon technologies, and circular economy
practices. Cloud computing, for example, reduces firms’
reliance on energy-intensive physical infrastructure by
enabling virtualized systems, while blockchain enhances
transparency and traceability in supply chains, ensuring
compliance with environmental regulations [15]. Firms
that leverage these innovative capabilities can gain a
first-mover advantage in addressing environmental chal-
lenges, further supporting the RBV assertion that strategic
resources drive firm-level outcomes.

Third, digital transformation enhances firms” dynamic ca-
pabilities, enabling them to respond to external environ-
mental pressures and institutional demands effectively.
Firms operating in resource-constrained environments
face challenges in balancing economic growth with envi-
ronmental sustainability. However, digital transformation
equips firms with the ability to sense, seize, and transform
environmental opportunities by integrating digital solu-
tions into their strategic planning and operations. For ex-
ample, digital platforms enhance firms’ ability to engage
with stakeholders, disclose environmental performance,
and comply with regulatory requirements, further align-
ing firm strategies with sustainability goals [16]. According
to RBV, such capabilities are essential for firms to adapt to
evolving environmental standards and maintain long-term
competitiveness. Thus, we propose the following hypoth-
esis:

H1: Digital transformation has a positive and significant ef-
fect on firm environmental performance.

Moderating Effect Hypothesis

UET suggests that managers’ characteristics, such as over-
seas experience, influence their ability to perceive and lev-
erage strategic opportunities [17]. In the context of digital
transformation, managerial overseas experience provides
exposure to international best practices and environmen-
tal standards, which can influence how managers guide
firms in deploying digital technologies for sustainability
purposes. Importantly, while overseas experience may not
independently lead to improved environmental perfor-
mance — especially when misaligned with local operational
contexts — it can serve as an important contextual enabler,
strengthening the positive effects of digital transformation
on firm environmental performance.

First, managers with overseas experience tend to possess
a broader cognitive framework, allowing them to better
identify and interpret the environmental value of digital
transformation. Their familiarity with advanced digital ap-
plications — such as Al for emissions forecasting or big data
for energy optimization — enhances their ability to amplify
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the environmental benefits of digital investments [18-21].
In this sense, overseas experience does not act as a direct
driver of sustainability, but as a catalyst that enhances the
strategic utility of digital tools.

Second, international exposure often brings with it a
heightened sensitivity to long-term environmental objec-
tives and stakeholder expectations, especially in jurisdic-
tions with strict environmental regulations [22-24]. Man-
agers with such backgrounds are better positioned to align
digital transformation initiatives with emerging regulatory
frameworks and sustainability norms, thereby elevating
the effectiveness of digital transformation in addressing
environmental challenges.

Third, managerial overseas experience enhances firms’
dynamic capabilities, which are critical for navigating the
complexities of digital transformation and sustainability
[25]. Managers with international exposure are adept at
sensing, seizing, and transforming opportunities within
rapidly changing technological and environmental land-
scapes. For instance, they are more likely to adopt digital
innovations, such as blockchain for supply chain transpar-
ency or cloud computing for energy-efficient operations,
to improve environmental performance [26]. Their global
perspective also facilitates cross-border knowledge transfer
and collaboration, enabling firms to integrate cutting-edge
digital practices that magnify the ecological value of digital
transformation.

All in all, we argue that managerial overseas experience
plays a complementary and reinforcing role in the digital
transformation - environmental performance relationship,
serving as a strategic asset that conditions the success of
digital initiatives aimed at sustainability.

H2: Managerial overseas experience positively moderates the
relationship between digital transformation and firm envi-
ronmental performance.

Heterogeneous Effect Hypothesis

RBV posits that firms’ competitive advantages are derived
from resources and capabilities that are valuable, rare, in-
imitable, and non-substitutable [27]. Firms with superior
capabilities are better positioned to optimize resources and
adapt to changing market or institutional demands. Dig-
ital transformation, as a strategic resource, enables firms
to achieve operational efficiency, optimize resource uti-
lization, and foster environmental innovations, thereby
improving firm environmental performance [28]. How-
ever, the extent to which digital transformation enhances
environmental performance depends on firms’ resource
flexibility and environmental constraints, which differ sig-
nificantly between high-pollution and non-high-pollution
firms.

First, non-high-pollution firms typically exhibit greater
resource flexibility, allowing them to harness the benefits
of digital transformation more effectively to improve envi-
ronmental performance. Digital transformation facilitates
precise resource allocation, energy optimization, and waste
reduction through technologies such as big data analytics

and artificial intelligence [29]. Non-high-pollution firms,
facing lower regulatory compliance costs and fewer legacy
constraints, can allocate more resources toward integrating
digital technologies for proactive environmental manage-
ment [30]. In contrast, high-pollution firms often divert re-
sources toward mandatory pollution control and regulato-
ry compliance, which limits their ability to leverage digital
transformation for innovation and process optimization
tully [29-30].

Second, digital transformation provides firms with the ca-
pability to pursue green innovation, a critical pathway to
environmental performance improvement. Non-high-pol-
lution firms are less burdened by immediate environmen-
tal pressures that constrain innovation investments in
high-pollution industries [31]. These firms can leverage
digital technologies to develop sustainable products, im-
plement cleaner production processes, and adopt circular
economy models, aligning with RBV’s emphasis on inno-
vation as a source of competitive advantage. By contrast,
high-pollution firms often focus on meeting baseline envi-
ronmental standards, leaving little room for investments in
proactive and innovative environmental strategies driven
by digital transformation. This leads to the following hy-
pothesis:

Ha3: The positive impact of digital transformation on firm en-
vironmental performance is stronger in non-high-pollution
firms than in high-pollution firms.

Methodology

Sample and Data

This study utilizes a comprehensive dataset of 1,316 Chi-
nese A-share listed firms spanning the period from 2011
to 2021. The data for executive characteristics and finan-
cial indicators were meticulously extracted from the Chi-
na Stock Market and Accounting Research (CSMAR) da-
tabase, while firm environmental performance data were
obtained from the Bloomberg database, which is widely
recognized for its reliability in ESG-related research.

To ensure the rigour, relevance, and robustness of the
dataset, a systematic data preprocessing procedure was
employed. First, firms in the financial industry were ex-
cluded due to their distinct governance structures and
regulatory frameworks, which could introduce bias into
the analysis. Second, companies designated as “ST” (Spe-
cial Treatment) by the China Securities Regulatory Com-
mission (CSRC) - indicating financial distress for two
consecutive years — were removed to minimize the in-
fluence of severely underperforming firms on the results.
Third, firms lacking sufficient financial or accounting in-
formation were excluded to preserve the completeness
and consistency of the dataset. Fourth, to mitigate the
impact of outliers that could distort statistical inferences,
all continuous variables were subjected to winsorization
at the 1st and 99th percentiles. This technique effectively
controls for extreme values while maintaining the integ-
rity of the data distribution. After the above procedures
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were applied, the final sample comprised 10,593 firm-
year observations. The resulting panel is unbalanced due
to variations in listing dates and missing values across
years. This structure is common in empirical corporate
finance studies and allows for the retention of a larger
and more representative sample without introducing se-
lection bias.

Variable Measurement

and Estimations Techniques

The dependent variable in this study is firm environmental
performance, proxied by environmental rating scores from
the Bloomberg database. These scores comprehensively
evaluate a firm’s environmental practices, encompassing
aspects such as resource efficiency, carbon emissions, en-
ergy consumption, waste management, and environmental
disclosures. Derived from publicly available sustainability
reports and independent third-party sources, Bloomberg’s
ratings ensure objectivity and comparability across firms
and industries. By reflecting multiple dimensions of en-
vironmental performance over time, these standardized
scores serve as a robust and dynamic proxy for assessing
firms’ environmental outcomes [33; 34].

The independent variable in this study is digital transfor-
mation, which reflects the extent to which firms adopt and
integrate advanced digital technologies into their strategic
operations. Digital transformation involves the deploy-
ment of technologies such as artificial intelligence (AI), big
data (BD), cloud computing (CC), blockchain (BC), and
digital technology applications (DTA) to optimize business
processes, improve decision-making, and enhance opera-
tional efficiency. Given the strategic importance of digital
transformation, this study relies on firms’ annual reports -
particularly the Management Discussion and Analysis
(MD&A) sections — as a primary source to capture their
engagement with digital initiatives.

To measure digital transformation, we take a textual anal-
ysis approach using advanced natural language process-
ing (NLP) techniques. First, the Jieba segmentation tool
is used to perform precise word segmentation on Chinese
corporate texts. Next, we apply Word2Vec models (CBOW
and Skip-Gram) to identify and embed digital transfor-
mation-related terms, ensuring that the measure captures
both frequent and contextually nuanced keywords. The
digital transformation index is constructed by calculating
the logarithmic transformation of the frequency of these
keywords in each firm's MD&A section. This methodolo-
gy not only overcomes the limitations of traditional key-
word-based approaches but also ensures greater semantic
accuracy and robustness, providing a comprehensive and
dynamic measure of firms’ digital transformation levels.

The moderating variable in this study is managerial over-
seas experience, which reflects whether a firm’s top execu-
tives have international work or educational backgrounds.
This variable is constructed as a dummy variable (binary
indicator): it takes the value 1 if at least one member of the
top management team (TMT) - such as the CEO, board

chairperson, or other senior executives — has studied or
worked overseas, and 0 otherwise.

To control for potential confounding factors that may in-
fluence the relationship between digital transformation
and firm environmental performance, this study includes
a set of control variables widely adopted in the existing lit-
erature [35; 38]. Listing age (LA) is measured as the natu-
ral logarithm of the number of years since a firm’s initial
public offering, accounting for firm maturity and expe-
rience. Financial leverage (LEV), defined as the ratio of
total debt to total assets, reflects a firm’s capital structure,
as higher debt levels may constrain investments in digital
transformation and environmental initiatives. Return on
equity (ROE), calculated as net income divided by total
shareholders’ equity, serves as a proxy for profitability, with
financially successful firms being more capable of adopt-
ing advanced digital technologies to improve sustainabil-
ity outcomes. Cash holdings (CH), measured as the ratio
of cash and cash equivalents to total assets, capture firm
liquidity, which can facilitate or limit resource allocation
toward digital transformation and environmental efforts.
With regard to corporate governance, board size (BS),
measured as the total number of directors on the board,
reflects governance capacity and decision-making struc-
ture, while the proportion of independent directors (ID)
captures board independence and its ability to monitor
managerial actions. Ownership concentration (OC), de-
fined as the percentage of shares held by the largest share-
holder, indicates the degree of shareholder control, which
may influence firms’ strategic priorities, including envi-
ronmental sustainability. Finally, managerial ownership
(MO), measured as the percentage of shares held by senior
management, aligns managerial interests with sharehold-
ers, potentially motivating executives to pursue long-term
digitalization and environmental goals.

To test hypothesis H1-H3, we construct the following em-
pirical models:

FEEJ =ay+ alDTl—J + azLAl-)t + a3LEVi’t +
+a4ROE; , +asCH; , +a¢BS; , +;ID; , + (1)
+030C; , + agMO; , + Year + Firm + ¢,

FEF,, = oy +o DT, , + a,MOE; , +

+o3 DT, *MOE, , + ayLA4; , + asLEV, , +
+o4ROE; , + a,CH,; , + a3 BS; , + ayID; , +

+a,00C; , + o ;MO; , + Year + Firm + ¢.

(2)

where @, denotes the intercept, and @; —a;; the coeffi-

cients to be estimated. Year and Firm are dummy variables
that control for year and firm fixed effects to account for
unobserved, time-invariant firm-specific characteristics
that may influence the dependent variable; ¢ is the error
term; i denotes the cross-sectional dimension for firms;
and t denotes the time series dimension.

Equation (1) is used to test the direct effect and the hetero-
geneity effect, while Equation (2) is aimed at examining the
moderating role of MOE.
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Findings and Discussion

Descriptive Statistics
and Correlation Matrix

Table 1 presents the descriptive statistics for the variables
used in this study, based on 10,593 firm-year observations,
computed using Stata 17. The dependent variable, Firm
Environmental Performance (FEP), has a mean value of
8.900, with a relatively large standard deviation of 12.250,
indicating significant variation across firms. The values
range from 0 to a maximum of 73.815, suggesting that
some firms perform exceptionally well in environmental
practices while others lag behind.

The key independent variable, Digital Transformation
(DT), has a mean of 1.393 and a standard deviation of
1.386, with values ranging from 0 to 6.301, reflecting var-
ying levels of digital technology adoption among firms.
The moderating variable, Managerial Overseas Experience
(MOE), is a binary indicator with a mean of 0.630, sug-
gesting that 63% of the firms’ executives possess overseas
backgrounds.

Among the control variables, Listing Age (LA), measured
as the logarithmic number of years since listing, shows a
mean of 2.478 with a standard deviation of 0.676 and rang-
es between 0 and 3.367. Leverage (LEV) averages 0.478, re-
flecting that firms finance 47.8% of their assets with debt,
and has a relatively low dispersion (standard deviation
of 0.199). Return on Equity (ROE) has a mean value of
0.087 yet displays notable variation, with a standard devi-
ation of 0.128 and extreme values ranging from -0.926 to
0.419, suggesting profitability disparities across firms. Cash
Holdings (CH) exhibit a mean of 0.059 and a standard de-
viation of 0.069, with values ranging between -0.199 and
0.257, indicating varying levels of liquidity among firms.
Board Size (BS), expressed as the natural logarithm of the

Table 1. Descriptive Statistics

number of board members, has a mean of 2.175 and a low
standard deviation of 0.201, with values between 1.609
and 2.708. Independent Directors (ID), measured as the
percentage of independent directors on the board, has a
mean of 37.534% with notable variation (standard devia-
tion of 5.503) and ranges from 28.570% to 60.000%. Own-
ership Concentration (OC), defined as the percentage of
shares held by the largest shareholder, averages 36.821%,
with significant dispersion (standard deviation of 16.104)
and a wide range from 8.087% to 75.779%. Finally, Mana-
gerial Ownership (MO) has a mean value of 7.079% with
substantial variability (standard deviation of 14.884) and
ranges from 0 to 70.382%, indicating considerable hetero-
geneity in managers’ equity stakes across firms.

Overall, these statistics reveal substantial variation across
firms in terms of environmental performance, digital
transformation, managerial characteristics, and govern-
ance indicators.

Table 2 presents the results of the Pearson correlation anal-
ysis and Variance Inflation Factor (VIF) diagnostics for the
key variables in this study. The correlation analysis focus-
es on the relationships between the independent variable
(digital transformation), the moderating variable (mana-
gerial overseas experience), and the dependent variable
(firm environmental performance). The results show that
DT is positively and significantly correlated with FEP (r =
= 0.070, p < 0.01), indicating a preliminary positive asso-
ciation between DT and firms’ environmental outcomes.
Similarly, the moderating variable (MOE) exhibits a sig-
nificant positive correlation with FEP (r = 0.108, p < 0.01),
suggesting that firms with managers possessing overseas
experience tend to achieve better environmental perfor-
mance. Furthermore, DT and MOE are positively correlat-
ed (r = 0.124, p < 0.01), implying that managerial overseas
experience may enhance the effectiveness of digital trans-
formation in improving environmental performance.

Variable Definition Obs Mean Std. dev. Min Max
FEP Firm Environmental Performance 10.593 8.900 12.250 0.000 73.815
DT Digital Transformation 10.593 1.393 1.386 0.000 6.301
MOE Managerial Overseas Experience 10.593 0.630 0.483 0.000 1.000
LA Listing Age 10.593 2.478 0.676 0.000 3.367
LEV Leverage 10.593 0.478 0.199 0.032 0.908
ROE Return on Equity 10.593 0.087 0.128 -0.926 0.419
CH Cash Holdings 10.593 0.059 0.069 -0.199 0.257
BS Board Size 10.593 2.175 0.201 1.609 2.708
ID Independent Directors 10.593 37.534 5.503 28.570 60.000
ocC Ownership Concentration 10.593 36.821 16.104 8.087 75.779
MO Managerial Ownership 10.593 7.079 14.884 0.000 70.382

Source: calculated by authors.
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Table 2. Pearson Correlation and Variance Inflation Factor

FEP 1.000

DT 0.070*** 1.000 1.06
MOE 0.108*** 0.124*** 1.000 1.04
LA 0.036*** -0.061** -0.096*** 1.000 1.42
LEV 0.046*** -0.082+** -0.022** 0.261* 1.000 1.21
ROE 0.065%** 0.026*** 0.038*** -0.161+** -0.218%** 1.000 1.20
CH 0.108*** 0.013 0.025*** -0.088*** -0.251%* 0.361* 1.000 1.20
BS 0.037+** -0.094*** 0.050*** 0.090*** 0.123*** -0.014 0.004 1.000 1.34
ID 0.036*** 0.054*** 0.003 -0.015 -0.000 0.020** 0.019* -0.454*** 1.000 1.28
oC 0.035*** -0.146%** -0.057** -0.076%** 0.085*** 0.112*** 0.069*** 0.023** 0.072%** 1.000 1.11
MO -0.029*** 0.133*** 0.091*+** -0.495%** -0.268*** 0.122%*%* 0.073*** -0.186*** 0.034*** -0.152%%* 1.000 1.47

Note: * p < 0.1, ** p < 0.05, *** p < 0.01.
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To further assess multicollinearity, VIF values were cal-
culated for all explanatory variables. The results indicate
that multicollinearity is not a concern, as all VIF values
are well below the critical threshold of 10. Specifically, the
VIF values for DT and MOE are 1.06 and 1.04, respective-
ly, suggesting very low collinearity. The highest VIF value,
1.47, is observed for managerial ownership (MO), which
remains within acceptable limits. Overall, the combination
of correlation and VIF results confirms that the regression
models are free from multicollinearity issues, ensuring the
robustness and reliability of the empirical analysis.

Baseline Results

Table 3 presents the baseline regression results for the
impact of DT on FEP. In column (1), the key independ-
ent variable DT demonstrates a positive and highly sig-
nificant relationship with FEP, indicating that digital
transformation plays a crucial role in enhancing firms’
environmental performance. This positive relationship
remains robust, though with a slight reduction in magni-
tude, even after the inclusion of additional control varia-
bles in column (2).

The control variables included in column (2) provide fur-
ther insights into the determinants of firm environmental
performance. Firm characteristics, such as listing age, in-
dicate that older firms, benefiting from accumulated expe-
rience and resources, tend to achieve better environmental
outcomes. In contrast, firms with higher leverage may face
financial constraints that limit their capacity to invest in
sustainability initiatives. Profitability, reflected in return
on equity, positively influences FEP, as financially sound
firms are more capable of implementing environmental
strategies. Corporate governance variables, such as board
size, proportion of independent directors, ownership con-
centration, and managerial ownership, all exhibit positive
associations with environmental performance, underscor-
ing the importance of governance structures and aligned
interests in supporting firms’ environmental efforts. Col-
lectively, these findings highlight that financial strength,
experience, and governance quality play pivotal roles in
driving firms’ environmental outcomes alongside digital
transformation.

Overall, the results strongly support Hypothesis 1 (HI1),
which posits that digital transformation positively influ-
ences firm environmental performance. These findings
are consistent with RBV, which emphasizes that firms’ val-
uable, rare, inimitable, and non-substitutable resources —
such as digital technologies — can generate competitive
advantages [30; 35]. By integrating advanced technologies
like artificial intelligence, big data, and cloud computing,
firms can enhance operational efficiency, reduce emissions,
and achieve environmental sustainability [31]. The results
align with prior studies that link digital transformation to
improved environmental practices through innovation,
resource optimization, and supply chain transparency [23;
28; 29]. Furthermore, the findings suggest that firms with
stronger governance mechanisms are better positioned to
exploit digital technologies, reinforcing the RBV argument
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that organizational resources and capabilities underpin en-
vironmental performance [39].

Robustness Check

To ensure the reliability and consistency of the baseline re-
sults, we conduct several robustness checks (Table 4). Spe-
cifically, three approaches are employed: adding year-in-
dustry interaction fixed effects, replacing the independent
variable with an alternative measure, and incorporating
additional control variables.

First, column (1) incorporates year-industry interaction
fixed effects to account for unobserved heterogeneity that
may vary simultaneously across time and industry. This ap-
proach is particularly useful for controlling for time-vary-

Table 3. Baseline Regression Results

(1) )
FEP FEP

DT 0.387™ 0.351""
(0.129) (0.128)
LA 3.116™
(0.541)
LEV -1.762°
(0.917)
ROE 4.577"
(0.708)
CH 0.447
(1.380)
BS 2.939™
(0.887)
ID 0.114™
(0.027)
oC 0.040™
(0.015)
MO 0.043™
(0.016)
_cons 8.286™ -11.439™
(0.192) (3.019)
Year FE yes yes
Firm FE yes yes
N 10531 10531
Adj. R? 0.646 0.650

Note: * p < 0.1, ** p < 0.05, *** p < 0.01. Robust standard
errors are given in parentheses.
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Table 4. Robustness Check

DT 0.342™ 0.349™ 0.344™ 0.275"
(0.130) (0.128) (0.128) (0.126)
DT-dummy 0.411"
(0.235)
LA 3.212™ 3.181™ 3.118™ 3.056™ 3.702™
(0.548) (0.540) (0.541) (0.542) (0.524)
LEV -1.857" -1.692° -1.707° -1.930 -3.393™
(0.916) (0.916) (0.919) (0.920) (0.890)
ROE 4.501™ 4.617" 4.128™ 4.244™ 4.237"
(0.716) (0.707) (0.903) (0.722) (0.689)
CH 0.338 0.367 0.483 0.232 0.028
(1.381) (1.381) (1.379) (1.384) (1.358)
BS 2.900™ 3.011™ 2.945™ 2.867™ 2.142"
(0.892) (0.887) (0.887) (0.889) (0.866)
ID 0.107™ 0.112"" 0.114™ 0.114™ 0.100™
(0.027) (0.027) (0.027) (0.027) (0.026)
OoC 0.0417™ 0.039™ 0.040™ 0.040™ 0.047™
(0.015) (0.015) (0.015) (0.015) (0.015)
MO 0.053™ 0.043™ 0.043™ 0.044™ 0.034"
(0.016) (0.016) (0.016) (0.016) (0.015)
LOSS -0.290
(0.351)
MFEE -4.437"
(1.824)
SA 244327
(1.974)
_cons -11.378™ -11.469™ -11.4117 -10.666™ 83.154™
(3.057) (3.026) (3.020) (3.051) (7.867)
Year FE yes yes yes Yes yes
Firm FE yes yes yes Yes yes
Year * Industry yes no no No no
N 10531 10531 10531 10531 10531
Adj. R? 0.653 0.650 0.650 0.650 0.662

Note: * p < 0.1, ** p < 0.05, *** p < 0.01. Robust standard errors are given in parentheses.
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ing industry-specific shocks, as it captures any systematic
variation in FEP attributable to interactions between in-
dustry-level factors and temporal trends. The coefficient
of DT remains positive and significant, further confirming
the robustness of the baseline results.

Second, column (2) replaces the continuous measure
of digital transformation (DT) with a dummy variable
(DT-dummy), which equals 1 if a firm’s digital transfor-
mation index is above the sample median and 0 otherwise.
This test checks whether the relationship between digital
transformation and FEP holds when one uses a simplified
binary measure of digitalization. The results indicate that
DT-dummy maintains a positive and significant effect on
FEP, reinforcing the robustness of the baseline findings to
alternative variable specifications.

Third, columns (3) to (5) introduce additional control
variables to address concerns about omitted variable bias.
Specifically, firm losses (LOSS), management expense ratio
(MFEE), and financing constraints (SA index) are includ-
ed. Firm losses, measured as a dummy variable equal to
1 for firms reporting negative net profits, are controlled
because financial distress can limit investments in sustain-
ability initiatives, thereby influencing environmental per-
formance [40]. The management expense ratio (MFEE),
calculated as the ratio of management expenses to reve-
nue, serves as a proxy for agency costs, which may affect
managerial efficiency in implementing digital transforma-
tion strategies [41]. Finally, the SA index, a widely used
measure of financing constraints, is included to control for
firms’ financial flexibility, as constrained firms may strug-
gle to adopt costly digital technologies for environmental
improvements [42].

The results in columns (3)-(5) demonstrate that the pos-
itive effect of DT on FEP remains significant even after
including these additional controls. While firm losses
(LOSS) are not statistically significant, both management
expense ratio (MFEE) and SA index show significant ef-
fects, suggesting that agency costs and financial constraints
play critical roles in shaping firms’ environmental perfor-
mance. Significantly, the coeflicient for DT remains robust
across all specifications, further supporting the validity of
the main findings.

In conclusion, these robustness checks — using year-indus-
try interaction fixed effects, alternative measures of digital
transformation, and additional controls — confirm that the
positive relationship between digital transformation and
firm environmental performance is both consistent and
reliable. The findings underscore the critical role of digital
technologies in driving environmental outcomes, even un-
der varying model assumptions.

Moderating Role of Managerial
Overseas Experience

As shown in Table 5, the interaction term ¢.DT#c.MOE is
significantly positive (a, = 0.454, p < 0.05 in model (1);
a, =0.434, p <0.05in model (2)), indicating that MOE
strengthens the positive relationship between DT and FEP.

14

This suggests that firms with internationally experienced
managers are better positioned to leverage digital technol-
ogies for environmental outcomes, as their global perspec-
tives enable more effective integration of advanced digital
strategies into sustainability initiatives.

These findings support Hypothesis 2 (H2) and align with
the predictions of the Upper Echelons Theory [17], which

Table 5. Moderating Effect

(1) 2

FEP
DT 0.372" 0.337°
(0.185) (0.185)
MOE -0.578 -0.559
(0.366) (0.364)
¢.DT#c.MOE 0.454" 0.434"
(0.220) (0.219)
LA 3.043™
(0.888)
LEV -1.784
(1.416)
ROE 4.525™
(0.920)
CH 0.452
(1.610)
BS 3.0717
(1.336)
ID 0.116™
(0.039)
oC 0.039"
(0.023)
MO 0.045
(0.025)
_cons 8.633™ -11.252"
(0.332) (4.628)
Year FE yes yes
Firm FE yes yes
N 10531 10531
Adj. R? 0.647 0.651

Note: * p < 0.1, ** p < 0.05, *** p < 0.01. Robust standard
errors are given in parentheses.
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emphasizes that executives’ experience shapes their strate-
gic decisions and ability to leverage organizational resourc-
es. Managers with overseas backgrounds bring a global
mindset and exposure to advanced sustainability practices,
allowing them to better recognize and implement digital
technologies such as Al and big data to improve environ-
mental performance [34; 42]. These results are consistent
with prior studies which show that international experi-
ence enhances firms’ innovation and sustainability efforts
[5; 20]. While the direct negative effect of MOE may reflect
challenges in aligning global strategies with local contexts,
its significant interaction with digital transformation un-
derscores its critical enabling role in amplifying environ-
mental benefits.

Heterogeneity Analysis

The heterogeneity analysis in Table 6 examines the differ-
ential impact of DT on FEP across high-pollution firms
(High Pollution = 1) and non-high-pollution firms (High
Pollution = 0).

In column (1), which represents high-pollution firms, the
coefficient for DT is negative but not statistically signifi-
cant. This result suggests that digital transformation does
not significantly enhance environmental performance for
firms in highly polluting industries. One possible explana-
tion is that high-pollution firms often face rigid regulato-
ry pressures, legacy systems, and higher transition costs,
which may limit their ability to leverage digital technolo-
gies effectively for environmental improvements.

In contrast, column (2) shows a significantly positive co-
efficient for DT in non-high-pollution firms (f = 0.713,
p <0.01), indicating that digital transformation significant-
ly improves environmental performance in these firms.
Non-high-pollution firms, which generally face fewer reg-
ulatory constraints and operate in less resource-intensive
environments, are better positioned to adopt and integrate
advanced digital technologies such as big data, Al, and
cloud computing to optimize operations and achieve envi-
ronmental efficiency.

These findings support Hypothesis 3 (H3), which predicts
that the positive impact of digital transformation on firm
environmental performance is stronger in non-high-pol-
lution firms compared to high-pollution firms. The results
align with RBV, which posits that firms must strategically
deploy valuable resources, such as digital technologies, to
enhance performance [32; 43]. Non-high-pollution firms
are better able to capitalize on digital transformation due to
lower technological adaptation costs and fewer structural
barriers. Consistent with prior studies, Zhang et al. (2023)
[44] argue that firms in less resource-intensive industries
can implement digital solutions more efficiently to achieve
sustainability outcomes, while Firoozi et al. (2024) [45]
highlight that digital transformation is more effective in
environments with fewer compliance burdens, enabling in-
novation and resource optimization. In contrast, high-pol-
lution firms face substantial financial and operational hur-
dles during their transition to digital processes [46], which
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Table 6. Heterogeneity Analysis

High Pollution =1 High Pollution=0

(1) (2)
FEP FEP
DT -0.089 0.713™
(0.229) (0.157)
LA 1.960° 3.651"
(1.071) (0.629)
LEV -0.321 -1.964"
(1.697) (1.098)
ROE 2.577" 4,349
(1.399) (0.800)
CH -1.029 1.249
(2.750) (1.540)
BS 2.358 3.459™
(1.667) (1.021)
ID 0.107" 0.115™
(0.050) (0.031)
ocC -0.005 0.057""
(0.025) (0.019)
MO 0.011 0.038"
(0.031) (0.019)
_cons -3.318 -15.934™
(5.863) (3.421)
Year FE yes yes
Firm FE yes yes
N 3584 6916
Adj. R? 0.669 0.641

Note: * p < 0.1, ** p < 0.05, ** p < 0.01. Robust standard
errors are given in parentheses.

limits the environmental benefits of digitalization. The
insignificant result for high-pollution firms also reflects
the challenges of path dependence in environmentally in-
tensive industries, where reliance on outdated technologies
and strict regulatory pressures reduce flexibility for adopt-
ing innovative, digital-driven solutions. In comparison,
non-high-pollution firms are better positioned to integrate
digital technologies into their operations, achieving meas-
urable improvements in environmental performance.
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Conclusion

This study investigates the impact of digital transformation
on firm environmental performance while examining the
moderating roles of managerial overseas experience and
industry heterogeneity. The results confirm that digital
transformation significantly enhances firm environmen-
tal performance, as advanced technologies like artificial
intelligence, big data, and cloud computing enable firms
to optimize resource usage and reduce environmental
footprints. Further, the moderating effect analysis reveals
that managerial overseas experience amplifies this posi-
tive relationship, as internationally experienced managers
bring a global perspective and familiarity with advanced
sustainability practices, enhancing the effectiveness of
digital transformation. Heterogeneity tests show that the
positive effect of digital transformation on environmental
performance is more pronounced in non-high-pollution
firms, which face fewer regulatory and structural barriers,
while the effect is insignificant in high-pollution firms
due to path dependence and the costs of transitioning to
cleaner processes. These findings collectively highlight the
significant role of digital transformation in improving en-
vironmental performance and emphasize the importance
of managerial expertise and industry context in shaping
its effectiveness.

This study makes several important theoretical contri-
butions. First, it extends the Resource-Based View by
demonstrating that digital transformation serves as a val-
uable strategic resource for firms to achieve environmen-
tal sustainability, particularly under favourable organiza-
tional and contextual conditions. Second, by integrating
the Upper Echelons Theory, we highlight the critical ena-
bling role of managerial overseas experience in enhancing
firms’ capabilities to utilize digital technologies for envi-
ronmental improvements. Third, this study contributes to
the literature on industry heterogeneity by illustrating how
firms operating in different environmental contexts (e.g.,
high-pollution vs. non-high-pollution industries) show
varying degrees of effectiveness in their digital transforma-
tion efforts.

The findings offer several practical insights for corporate
leaders, policymakers, and stakeholders. For firms, the re-
sults emphasize the importance of strategically investing in
digital transformation technologies to improve environ-
mental performance. Managers with overseas experience
should be actively leveraged to drive these initiatives, as
their global perspectives can enhance the effective im-
plementation of sustainability-oriented digital strategies.
Firms in high-pollution industries, however, may need
additional support, such as targeted policy incentives or fi-
nancial assistance, to overcome barriers to adopting digital
solutions for environmental improvements.

For policymakers, our findings highlight the need to create
favourable conditions for firms to invest in digital trans-
formation and leverage managerial expertise. Policies that
support technological upgrading and provide regulatory
flexibility for high-pollution firms could help them better
harness digital technologies for sustainability. Addition-
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ally, fostering leadership development programmes that
encourage international exposure among corporate man-
agers could amplify the environmental benefits of digital
transformation.

Despite its contributions, this study has several limita-
tions. First, the analysis focuses on Chinese publicly listed
firms, which may limit the generalizability of the findings
to other institutional contexts. Future research could ex-
plore cross-country or cross-regional comparisons to pro-
vide broader evidence on the relationship between digital
transformation and environmental performance. Second,
while this study identifies managerial overseas experience
as a key moderating factor, other leadership characteristics
- such as managerial risk appetite or innovation mindset
- could also play a role. Third, further investigation into
the mechanisms through which digital transformation im-
pacts environmental performance, such as green innova-
tion or supply chain optimization, could deepen our un-
derstanding of these dynamics.
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Abstract

The subject of the study is an enterprise based on ESG principles, which implies its concern for the interests of not only
the current but also future generations. The study was undertaken to develop a sustainable growth model that takes into
account economic uncertainty and is capable of covering a period of time sufficient for ESG program implementation.
Despite the widespread desire to achieve sustainable growth, there is no unanimity in regard to the methods of integrating
long-term development programs with traditional commitment to current profit maximization. One of the difficulties is
associated with reaching intergenerational planning horizons. In addition to their short-term nature, existing sustainable
growth models do not include an indicator of the uncertainty associated with the activities of the enterprise. To solve this
problem, the paper uses methods of integrating stochastic differential equations, which allows to move away from the
deterministic dependencies of predecessor models. The resulting stochastic trend model takes into account the systematic
long-term impact of the environment. This approach turns it into a hyper-long-term planning tool commensurate with
the duration of the enterprise life cycle. According to this model, the probability density of revenue growth rate is subject
to a logarithmically normal law with numerical characteristics changing under the influence of competition and inflation.
The paper envisages several development scenarios characterized by different dynamics of the random component. If the
enterprise follows ESG principles, then the typical growth scenario will be the most suitable one. The random component
of growth of a typical enterprise degenerates over time, and its rate is determined by the risk-free interest rate. From the
concept of intersecting generations, it follows that typical enterprises contribute to the dynamic efficiency of the economy.
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Introduction

To ensure sustainable economic development, one has to manage
uncertainty that influences key business decisions: amount
of investment, expense structure, pricing policy, planning
horizon. Modern enterprises attempt to reduce it in various
ways: diversification, long-term agreements, subscription for
services, hedging of price and exchange rate risks, and also
implement sustainable development programs based on ESG
principles. The distinctive feature of hedging is its hyper-
long-term horizon, which encompasses several generations
[1]. Empirical data about the influence of ESG on enterprises’
financial performance is ambiguous. A review of the practice of
implementation of ESG transformation programs demonstrates
a positive effect in 60% of cases, neutral - in 9%, mixed - in
25%, and negative — in 6% [2]. These figures suggest that some
companies are unable to implement ESG without damaging the
core value measured by profit [3]. It is difficult to transition to
the sustainable development track due to the underdevelopment
of hyper-long-term planning methods. The existing studies are
premised on probability-based models, which can confirm
statistical relationships between the analyzed indicators but are
unsuitable for operational business planning.

The situation with ESG implementation may be rectified by
means of a sustainable development trend model that allows
to combine hyper-long-term financial objectives with current
indicators [4]. The model describes the enterprise’s revenue
dynamics over a time interval comparable with its life cycle span.
The addition of long-term trends of financial ratios to the model
allowed to shift to this modelling horizon. One of possible trend
combinations describes how the enterprise moves towards the
equilibrium state. However, the trend model fails to take into
consideration the economic uncertainty factor, thus, it becomes
less feasible. The present research eliminates this gap by
adding the standard deviation of revenue to the list of financial
ratios. Since the existing empirical data about dynamics of its
uncertainty is insufficient, we had to use economic theory when
describing this indicator. In order to determine the uncertainty
level that corresponds to the enterprise’s equilibrium state, we
used a stochastic model of intersecting generations with safe
assets (public debt) and dynamic efficiency [5]. Exponentiality
of uncertainty is introduced similarly to that of other financial
ratios of a typical enterprise whose dynamics have been
thoroughly studied empirically.

Probability density of financial variables’ growth rate often
comprises heavy tails, which account for the excessive
frequency of extreme events. Since the implementation of
ESG programs decreases the enterprises’ dependence on rare
but strong shocks [6], it seems acceptable to use a lognormal
distribution that does not take into account abnormalities of
a frequency distribution to describe the revenue growth rate.

The existing empirical data proves that this assumption is true
in four cases out of seven [7]. It is comparable to the statistics
of successful ESG implementation. In spite of the unchanged
standard deviation of the logarithm of the revenue growth rate
over a long period of time for the majority of enterprises, in a
considerable number of cases it tends to decrease gradually. No
satisfactory explanation of this volatility phenomenon has been
offered yet by corporate finance theory. Along with long-term
changes, the influence of short-term external shocks such as
economic crises, manufacturing innovations, a sudden change
in prices and demand for products, on the uncertainty level has
been understudied. Such factors may cause structural changes
in dynamic properties of enterprises’ time series and require
further research.

The purpose of the study is to develop a stochastic trend model
of sustainable development capable of covering the whole
enterprise’s life cycle. To achieve this goal, revenue is described
by a stochastic process where drift and volatility are influenced
by competition and inflation. The model is intended for practical
application in ESG transition planning.

Theory

Due to economic uncertainty, revenue S, at time ¢ has a random
value. To model this variable, we apply geometric Brownian
motion whose cross-section complies with the logarithmically
normal law:

ds, =gS,dt+o,5,dw,, (1)

where g, and o, are the drift and volatility parameters; W, -
Wiener process (t > 0). Parameters g, and o, in equation (1)
are time-dependent because the enterprise growth rate and the
uncertainty level related to its operations change along with
its life cycle stages. Usually, an enterprise demonstrates the
fastest growth at the initial stages, and subsequently its devel-
opment slows down. The sustainable development stage is the
longest, and the last one with a positive growth rate. At this
stage, programs aimed at decreasing the uncertainty level are
implemented .

Drift

The drift parameter accounts for the rapidity of average revenue
growth rate. In order to account for the influence of the external
environment, we use the sustainable development trend model
[4], where the rapidity of revenue growth rate - taking into
account the changes caused by inflation and competition - is
described by the following equation:

27
g=mty, pe, @
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Py =hofoe, 1+1), =7 s =hofon (1-9)(1+1y), q,=",
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where ¢ — profit tax rate; e — the share of assets subject to addi-
tional evaluation due to price inflation, which are financed from
equity and debt capital; a - the share of debt with free floating
interest rate.

Equation (2) was obtained by introducing trends of financial
ratios into the sustainable development inflation model [8; 9],
including: investment b, asset turnover (S/A), return on sales m,
financial leverage (D/E), the spread between the inflation rates
of product and manufacturing resource prices z and the rate
of inflation of manufacturing resource prices j, which reveal a
change in statistical expectations of ratios over time:

E, (b)=h0 +h165t» E, (%jzfo +fle§t)

E, (m) =¢+ Cleyt > E, (%j =1 +lle/u > 4)

Et(z)=J/o +ye”, Et(j)=n0+nlem,

where h, ., ¢, I, y,» 1, - final values responsible for extreme val-
ues of financial ratios when t>eo; b, f,, ¢, 1, y,, n, — deviations
from final values at time ¢ = 0; §, £, y, A, , 7 — rates of deviation
increment.

Since models [8; 9] provided the basis for equation (2), here, as
in those models:

economy-wide inflation determines changes in manufacturing
resource prices of an enterprise and the nominal interest rate on
borrowed funds, and is added to the real rate according to the
Fisher effect;

the investment ratio takes into consideration the amount
of invested funds, as well as additional capital related to the
increases in the value of an enterprise’s assets, which is a result
of an inflation-related increase in their nominal value.

21
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Volatility

The volatility parameter controls the random change in the
analyzed indicator. We use an exponential function to describe
its time dependence:

_ @ost
o, =0y e, (5)

where g, - the rapidity of revenue volatility growth rate.
According to (5), the direction of the volatility trend depends
on the sign of q,,. If this constant is below zero, uncertainty
decreases over time, if the constant equals zero - it remains
constant, if the constant takes on a positive value - it increases. In
practice, the rapidity of volatility growth rate may be calculated
by comparing the volatility of several parts of a time series of the
revenue growth rate logarithm.

Model

By applying (2) and (5) in (1), we obtain a stochastic differential
equation of revenue:

27
ds, :(p0 +zk:1pkeq’°’)Stdt+0'Oeq2"'StdW,. (6)

After integrating it (see Appendix 1), we have the following
stochastic model of the revenue growth rate logarithm for time
points t and t+T:

In (—S;T ] =pol + 227 p—k[eqk(HT) —et } -
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where o7, =0 In| == - standard deviation of the
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revenue growth rate, which equals:

0,5
62428(HT) _ eZqZXt

Ora =% | T 5 — | - (8)
q23

Since financial ratios’ trends allow to account for changes in
corporate operating performance on a long-term horizon,
model (7) covers the entire life cycle of the enterprise. The final
values of trends produce the most significant influence in the
revenue growth trajectory. It may be typical, logistic, exponential
or ending in the decline stage [4]. If the growth rate of financial
ratios, including volatility, equals zero, then after integrating (6),
we obtain geometric Brownian motion that describes growth in
an environment without external influence.

Data

The primary information source was the SKRIN database. We
selected companies with non-zero reporting for 1998-2018 out
of the enterprises with the largest revenue as of 1998. Subsequent
analysis was differentiated by industry according to the Russian
National Classifier of Types of Economic Activity (OKVED)
(Table 1). Using the criterion offered in paper [10], we checked
time series for structural changes. In spite of the 2008 economic
crisis, market fluctuations, and technological innovations, no
structural changes were detected in the overwhelming majority
of enterprises. To analyze the dynamics of uncertainty, we
verified statistical hypotheses about the variances of the first

2 2 . .
07 and second 05 halves of the time series of the revenue

growth rate logarithm and evaluated the volatility growth rate
q,,- The reason for choosing this method was the limited span of
the enterprises’ time series, which renders the use of more
complex calculations statistically unjustified. Besides, it should
be noted that this method is of limited accuracy given the
expected nonlinearity of the analyzed indicator. Variances were

Table 1. Inconstancy of the uncertainty level

Presence of
structural

Industry Sample size

compared at the significance level of a = 0.05. The speed g,, was

. . . . 2
calculated using equation (8), assuming that variances 07 and

0'22 are in the middle of the halves of the time series. The

distribution density of the volatility growth rate is demonstrated
using enterprises engaged in the extraction of commercial
minerals as an example (Figure 1). The presented data reveals
that at the industry level, the tendency towards decreasing
volatility prevails, while at the enterprise level, the model with
constant volatility is more relevant. There may be a discrepancy
present because the analyzed period is not sufficiently long, and
q,, is too low for a statistically significant change in uncertainty
to be found for all enterprises. The macroeconomic uncertainty
index also indicates a slow rate of uncertainty decline (see
Appendix 2). Thus, empirical analysis fails to provide an
unambiguous answer concerning the direction of revenue
volatility over a long-term horizon. Consequently, the issue of
its exponential decrease at the enterprise level remains unsolved.

Statistical Modelling

We are going to consider the results of statistical modelling of
the revenue growth rate logarithm using equation (7) (Figure 2).
The dashed and solid lines show the results of calculations when
0,= 0. The enterprise’s drift parameter is calculated on the basis
of the average values of the financial ratios for JSC Kuzbasskaya
Toplivnaya Company for 2001-2021. Random trajectories were
constructed using truly random numbers from random.org. The
rapidity of the volatility growth rate q,, = -0.044 corresponds
to the average value for enterprises engaged in extraction of
commercial minerals. Over time, the logarithm of the revenue
growth rate gravitates towards to the level of p, (see Figure 2),
which is indicative of the marginal growth rate. A decrease in
the uncertainty level causes a degeneration of the stochastic
component.

Number of enterprises with

a confirmed hypothesis Mean value

changes

Extraction of commercial

2 2
oy >0,

. 68 13 0 -0.044
minerals
Commercial manufacturing 356 34 1 -0.037
Supply of electric power, en-
ergy, gas and steam; air condi- 32 12 1 -0.065
tioning
Wholesale a'nd retal!; vehicle 107 17 1 -0.056
and motorbike repair
Transportation and storage 58 9 0 -0.057
For all enterprises 621(100%) 28(4.5%) 85(14%) 3(0.5%) -0.045
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Figure 1. Density of the distribution of the revenue volatility
growth rate

Figure 2. Logarithm of the revenue growth rate
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Discussion a negative rapidity of growth rate. Thereby, we obtain the

Hyper-long-term Nature of ESG
Transformation

The ESG approach to operating a business has become the
standard for enterprises seeking sustainable development [11].
To achieve actual changes in the environmental, social, and
governance (ESG) spheres, it is necessary to apply ESG principles
for a long time and go beyond strategic planning since there is
a delayed effect of investment in sustainable growth. Model (7)
meets these requirements and allows to model growth at a time
horizon comparable with the length of the enterprise’s life cycle.
At the same time, it models sustainable growth, which is the key
goal of ESG transformation.

Typical Enterprise and Proactive Planning

With different final trend values (4), the growth trajectory
describes natural, typical, logistic growth or ends in a
period of decline. Given that ESG programs are focused on
sustainable development, the most suitable conditions for their
implementation are offered in a typical development scenario
aimed at achieving a stable growth stage. The financial indicators
of a typical enterprise tend towards the levels established by
industry medians [12-14]. The emergence of clear financial
benchmarks limit the management’s attempts to over-indulge
in current profits at the expense of long-term development.
There emerges an opportunity for proactive planning
[15, p. 84]. It allows the enterprise not merely to respond to
changes but to predict the trajectory of its development in
advance, thus creating an ESG agenda and the environment for
its implementation.

From Typical Uncertainty
to Dynamic Efficiency

Model (7) allows for decreasing, sideways and growing trends
of uncertainty. If revenue uncertainty is typical, then, similarly
to other financial ratios of a typical enterprise, it demonstrates
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dependence with > instead of (7):
S, =S8, )

where p, accounts for the rapidity of the revenue growth rate at
the deterministic growth stage. Aslong as there is no uncertainty,
P, corresponds to risk-free return. The rapidity of an enterprise’s
equity growth rate takes on the same value because its financial
ratios remain unchanged. According to the intersecting
generations model, if the capital growth rate and the risk-free
return are equal, it is possible to avoid overaccumulation of
capital, achieving the dynamic efficiency of stochastic economy
with public debt [5]. At the enterprise level, this corresponds
to a typical growth scenario, which allows to achieve a balance
between current profit and long-term ESG objectives.

Factors of Uncertainty Decrease

ESG programs are not among “quick” volatility reduction tools,
but as the effects from reducing regulatory, reputational and
operational risks accumulate, they gradually reduce volatility:

o implementation of  environment  protection
technologies (E) guards against regulatory and price
risks. Revenue fluctuations related to a decline in
production caused by accidents and administrative
prohibitions decrease. Transition to renewable power
sources guards against the volatility of fossil fuel prices;

«  responsible social policy (S) drives consumer loyalty.
Such enterprises have more stable demand even
during financial crises. The risks of conflicts with local
communities, strikes and consumer boycotts that may
bring down sales disappear;

» improvement of corporate governance (G) mitigates
corruption risks and reduces the potential for financial
fraud, which causes reputational damage. This
increases the number of reliable contract partners who
maintain continuous renewal of production facilities
and stable sales.
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Conclusion

In spite of a general consensus concerning the prospects of
the ESG economy, the issues of enterprises’ transition to the
sustainable development track have been understudied. The
existing studies focus on the analysis of the consequences
caused by introducing economic incentives and disciplinary
measures that encourage ESG implementation, while the issues
related to adapting corporate planning to new requirements
remain unsolved. Such a one-sided approach makes it difficult
to practically implement ESG programs. Hyper-long-term
planning tools, including the stochastic trend model of
sustainable growth, point towards a solution. Empirical data
is indicative of two volatility trends that correspond to the
constant and gradually decreasing levels of revenue uncertainty.
The final conclusion about the prevailing direction of changes
may be made after a study of time series exceeding twenty
years. The offered model supports both versions and indicates
that there is a connection between the latter one and the typical
growth scenario. When this scenario is implemented, revenue
growth rate gravitates towards the risk-free rate, thus fostering
the economy’s movement towards dynamic efficiency. When the
latter is achieved, there is no need in non-market mechanisms
for stimulating ESG programs.
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Appendix 1
Integration of a Stochastic Differential Equation of Sustainable Growth

We are going to solve the stochastic differential equation for steadily growing revenue:
27
s, =( o+ X1 e |S;drs et s a;, (10

where S, - stochastic process; p, p,, q,> 0, and q,, — constants;

t - time (t 0) ; W, - Wiener process.
We use the Ito formula for functions (St ,t) =InS,, so that:
dF (S,,t)=p(t)dt + o™ dW,, (11)

where

t
OF (S,,t) oF (5,.) (oue™ S,) ’’F
+ E e —+ = E el —0,507e™ . 12
@ = (Po _Px j 25, 5 3 52 _ Pk (12)

The solution of the stochastic differential equation (11) is described by the following process:

F(S.0)=F(50.0)+ [ o(0)d0+ [ e awy. )

where S - value of the stochastic process at the initial time point.

We get the first integral on the right side of the equation (13):

t t t t t
jgo(e)daz I Pod O+ I pedO+ ...+ I Dare??do - I 0,502¢242% 40 =
0 0 0 0 0

2 (14)
= pot+ 2L (eql —1)+ B (eq27’ 1)—a—°(ezq28t —l).
q 427 4453
Since F(St,t) =1InS; according to (13) we have:
S 27 p o) (2 ! 0
In| 2L | = pyt + Sk (et —1)—-—2(e*® —1 +I o™ dW, . (15)
(3] (e ) (i)
With g, # 0 the standard deviation of process (15) equals
0,5 ) 0,5
S !
o,=0 ln[_tj = {J. |:O' e‘hs@] dﬁ} = O-_O(ezqzst _1) . (16)
So 0 2453
For revenue from (15) we obtain:
2
O 2q5t ! 0
S, =Sy exp| pot + el —1)——2 (e —1 +I 0™ dW, |. (17)
e ) (),

Random quantity (17) is log-normally distributed with statistical expectation equal to:

E(S,)=S, exp{ {ln[; H+0 507 } S exp{]’onk » (e"kt —1)—%(62‘“*’ —1)+%(e2‘m‘ —1)}:
=S, exp{pot—zn_ &(l—eqkt )} (18)

If g,,= 0 the standard deviation is described by the following formula:

o, = l:h{S H {J‘ nga} ’ [aét}o’s. (19)
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Appendix 2

Uncertainty Index

The macroeconomic uncertainty index [16] equal to the weighted average of standard deviations of forecast errors over a 12-month
horizon calculated on the basis of 39 macroeconomic indicators of the Russian economy has a two-component structure (Figure 3).
The barely noticeable monotonic decrease in the indicator is interrupted by the outbursts that mark the periods of macroeconomic

shocks. After approximating the background level with an exponential equation, the rapidity of the annual growth rate of the index
turned out to be —0.00015.

Figure 3. Macroeconomic Uncertainty Index
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Source: [16].
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Abstract

This study investigates the effect of institutional investor ownership on the financial performance of firms in the oil and gas
(O&G) industry. Using a panel of the 50 largest O&G companies worldwide from 2006 to 2020, we test the hypothesis that
institutional investors enhance shareholder value and market capitalization through active monitoring and strengthened
corporate governance. To address endogeneity and unobserved heterogeneity, we apply the System Generalized Method of
Moments (GMM-Sys). Results demonstrate that institutional ownership has a positive and statistically significant effect on
Tobin’s Q, supporting the view that these investors can improve governance and align managerial decisions with long-term
value creation. Dividend payouts also display a positive association with performance, consistent with agency theory. Car-
bon emissions are likewise positively related to valuation, indicating that carbon-intensive operations continue to yield sub-
stantial returns despite increasing environmental pressures. In contrast, firm size, leverage, and ESG scores do not emerge
as significant determinants of performance, possibly reflecting industry-specific dynamics and measurement constraints.
Overall, the findings highlight the dual reality in O&G valuation — where both investor-driven governance improvements
and short-term drivers, such as dividends and fossil-fuel-based revenues, shape performance. The study contributes to
the literature on institutional ownership with industry-specific evidence, suggesting that if institutional investors adopt
long-term, sustainability-oriented strategies, they could play a pivotal role in guiding high-emission sectors through the
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investment horizons, and their role in advancing ESG practices and long-term value creation in the O&G industry.
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Introduction

Oil has become an indispensable product for economic
progress since it was consolidated as the main energy re-
source of modern economies. Society has established a de-
pendence on this commodity due to its high energy density
and extensive supply chain, ranging from exploration and
extraction through processing to end use. In this context,
companies with significant financial scale were created and
have ranked among the largest companies in the world for
decades. However, the energy paradigm shift to renewable
sources is imposing a relevant redirection on the strategies
of these corporations, challenging their leadership [1; 2].

The oil and gas (O&G) industry has also been facing chang-
es in its strategic decision-making process with the emer-
gence of the financialization phenomenon. This process is
characterized by the progressive interrelation between the
productive and financial areas of non-financial companies,
implying a new finance-dominated accumulation regime
[3]. Lazonick and O’Sullivan [4] emphasized that this pro-
cess reorients corporate management strategies with a fo-
cus on shareholders’ interests, resulting in a shift from the
“retain-and-reinvest” pattern to “downsize-and-distribute”.
The cornerstone of this transformation is the shareholder
value maximization (SVM) perspective. This new dynamic
tends to be validated by the financial market by the appre-
ciation of the stock price, influencing the company’s mar-
ket value [5-7].

The impacts of financialization have scaled up significantly
since the late 1970s, with the increasing presence of institu-
tional investors in the ownership structure of non-financial
companies. In general, an institutional investor is a finan-
cial intermediary that “manages and invests other people’s
money” [8]. Pension funds, mutual funds, investment
funds, hedge funds, and insurance companies are examples
of institutional investors. In addition to the increase in the
number and diversity of these entities, the volume of assets
managed by them has been growing. To illustrate, accord-
ing to Bebchuk et al. [9], between 1950 and 2017, insti-
tutional ownership of US corporate equity increased from
6.1 to 65%, which means that “institutional investors now
control a large majority of the shares of public companies
and have a dominant impact on vote outcomes at those
companies”. In the early 2020s, the three largest invest-
ment managers in the world, known as the “Big Three” -
BlackRock, Vanguard, and State Street - managed more
than US$ 20 trillion in assets [10-12]. Considering the piv-
otal S&P 500 stock index, Fichtner et al. [13] pointed out
that “the Big Three combined constitute the largest owner
in 438 of the 500 most important American corporations,
or roughly in 88 percent of all member firms”

Several studies have investigated the influence of institu-
tional investors on the corporate strategies of non-financial
companies [14-16]. Since these agents do not represent a
homogenous group, their influence on company strategies
varies widely, according to the “business model” of institu-
tional investors [8; 14] and their monitoring efforts in the
companies that they invest in. Despite the vast literature
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on this topic, no study has explored the influence of in-
stitutional investors on corporate finance strategies in the
O&G industry using a dynamic panel data approach. This
novelty allows us to contribute to the literature by provid-
ing empirical evidence on how institutional investors may
influence financial performance in a strategic sector under
pressure to adapt to a low-carbon economy.

In this context, the purpose of this study is to evaluate
whether the participation of institutional investors in the
ownership structure impacts the financial performance of
O&G companies. The research question guiding this study
is: Does institutional investor ownership improve the fi-
nancial performance of O&G companies? The hypothesis
is that, by monitoring the activities of these companies and
establishing corporate governance guidelines, the partic-
ipation of these investors enhances value generation and
increases market capitalization.

This study provides a comprehensive analysis of how insti-
tutional investors have impacted the financial performance
of O&G companies. Given the importance of the O&G in-
dustry in the world’s economy, research that evaluates how
the decision-making process in O&G corporations can be
influenced is relevant. Findings can provide relevant points
for discussion regarding the role of institutional investors
in guiding companies’ strategic decisions. This point is par-
ticularly relevant nowadays since this industry has reached
its mature phase and needs to adapt to a new energy para-
digm. Institutional investors have the potential to influence
the transition to a low-carbon economy, reorienting com-
panies’ strategies.

Literature review

Due to the amount of resources under their management,
institutional investors have the potential to impact the
global financial dynamics [17-19]. With the consolida-
tion of the shareholder value maximization principle as a
standard of corporate governance [20] and their increasing
participation in the ownership of non-financial companies,
these entities have played a significant role in defining cor-
porate strategies.

One of the key contributions of institutional investors is
their ability to provide liquidity to the markets. By invest-
ing large amounts of capital, they increase the supply of
financial resources, which can benefit companies that need
funding for their projects [21; 22]. On the other hand, some
authors argue that these agents exert ‘myopic’ pressures on
corporate management to achieve short-term returns [15:
23; 24] undermining long-term strategies [12; 25].

Focusing on the impact of institutional investors on corpo-
rate performance, the studies present mixed evidence. For
instance, Abedin et al. [26] found evidence using a sam-
ple of publicly traded companies in Bangladesh that these
agents have a positive influence on Tobin’s Q and the return
on asset (ROA) of the companies. Daryaei and Fattahi [27]
conducted a similar analysis, showing that Tobin’s Q, ROA,
and Return on Equity (ROE) increase with institutional
ownership. Similar evidence is reported by Han and Xiao
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[28], who found that private placements involving only
institutional investors are significantly linked to improved
long-term performance in Chinese A-share listed compa-
nies.

Bajo et al. [29] also contributed to this debate. The authors
verified that the central and more active institutional in-
vestors enhance the value of US companies since their
presence produces a certification effect on the firm re-
ceiving the investment. Further, using a sample of firms
in 30 countries, Bena et al. [30] showed that foreign in-
stitutional investors foster long-term investment, increas-
ing innovation, firm valuation, and internationalization
of companies’ operations. Additionally, Alghorbany et al.
[31] demonstrated that institutional investors enhance the
effectiveness of IT investments by reducing agency-related
concerns, thereby improving corporate performance.

On the other hand, Charfeddine and Elmarzougui [32] in-
vestigated the influence of institutional investor sharehold-
ing on the performance of French companies and found a
negative and significant relationship between institutional
ownership and financial performance. Satt et al. [33] found
similar results in the Moroccan market, showing that the
negative effect lingers regardless of the characteristics of
the institutional investor (government or private institu-
tions). According to the authors, since the majority of these
investors presented small shareholdings, they did not exert
a close monitoring effort, presenting short-term trading
interests, rather than a long-term-oriented view. Finally,
Bazhair and Alshareef [34] observed no effect of institu-
tional shareholding on financial performance among Saudi
companies.

Recent studies have also investigated the relation between
institutional investors, corporate environmental perfor-
mance (CEP), and corporate financial performance (CFP).
Nguyen et al. [35] found that long-term institutional in-
vestors help U.S. firms align corporate social responsibil-
ity (CSR) with shareholder value by reducing cash flow
risk. Similarly, Miller et al. [36] showed that institutional
investors strengthen the CEP-CFP link when they inter-
nalize the costs of poor environmental practices, adopt a
stakeholder-oriented perspective, and prioritize long-term
value creation. In particular, local socially responsible and
dedicated funds play a key role in reducing risks and foster-
ing innovation. Following this debate, Li et al. [37] demon-
strated that foreign institutional ownership improves the
positive relationship between CSR performance and firm
value in Chinese firms, especially in non-state-owned en-
terprises and those with high customer awareness or for-
eign board members. Complementarily, Alkurdi et al. [38]
found that institutional ownership is positively associated
with higher sustainability disclosure, particularly among
more profitable firms.

Overall, these studies suggest that institutional investors
can positively influence financial outcomes by strengthen-

ing corporate governance, reducing agency costs, and sup-
porting long-term strategies. Although findings vary across
contexts, there is growing evidence that the type, orienta-
tion, and active engagement of institutional investors are
critical for translating CSR and sustainability practices into
financial gains and lower risks. Moreover, the long-term
investment horizon typical of institutional investors allows
firms to convert environmental and social initiatives, often
costly in the short term, into long-term value through risk
mitigation, operational efficiency, and innovation.

While most empirical studies have focused on non-finan-
cial firms within specific countries or regions, they often
overlook the industry-specific dynamics that may influence
corporate behavior. This study addresses this gap by exam-
ining the impact of institutional investors on firm perfor-
mance within the O&G sector. Although recent research
has explored the relationship between ESG adoption and
financial performance in O&G companies [39-42], limited
attention has been paid to the role of institutional investors
in this context. This remains a critical oversight, given the
strategic importance of the O&G sector in ongoing energy
transition efforts and environmental policy discussions.

Methodology
Model

To evaluate the influence of institutional investors on fi-
nancial performance in the O&G industry, we use a model
that explores the relationship between market value (Tob-
ins’s Q) and institutional investors participation in the
ownership structure of O&G companies.

The variable of interest is the institutional investor share-
holding. On the one hand, the greater the potential of the
firm to generate value, the greater the incentives for the
participation of these investors. On the other hand, due to
the monitoring and the new management guidelines, this
presence tends to enhance the market value of the compa-
nies [26; 43; 44]. That is, we have a reciprocal relationship
between Tobin’s Q and the presence of institutional inves-
tors in the ownership structure [32; 45; 46]. Thus, the hy-
pothesis of strict exogeneity of the regressors is invalidat-
ed, which makes estimators with random effects or fixed
effects inadequate.

The problem of the interdependent relationship between
the variables, quite common in corporate finance [47], can
be mitigated by using the Generalized Method of Moments
(GMM), developed by Arellano and Bond [48]. The GMM
focuses on estimating dynamic models, which include
lagged values of the dependent variable and explanatory
variables, supposedly not correlated with errors, as instru-
mental variables.! Equation (1) describes the estimated
model:

TO, =aTQy_ + By + Bixyy + PaXay +; + 1. (1)

! While the System GMM estimator is appropriate for addressing endogeneity and dynamic relationships, other methods, such as fixed effects or
Dynamic Panel Threshold Regression, may also be suitable, depending on the assumptions regarding endogeneity and potential non-linearity.
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Where i and t represent, respectively, the firm and the time

(years). The dependent variable ( 70;; ) is Tobin’s Q, which
is calculated by the ratio between the equity market val-
ue and the equity book of the company. The intercepts are

represented by £, /3, and B . The vector that constitutes
the explanatory variables, x;; , is divided into two subvec-
tors: endogenous or predetermined ( x;;,) and exogenous

(Xxy; ). Finally, a; +u; represents, respectively, the ran-
dom effects and the error term of the model, given that
E[ 44, ]= B[e;] = 0.

In the model developed by Arellano and Bond [48], the
variables are transformed into the first difference to cor-
rect the effects on the unobserved heterogeneity. Thus, the
assumption of strict exogeneity can be more flexible, con-
sidering only a sequential exogeneity of the regressors. To
this end, the hypothesis that the regressors are correlated
with past values of the error term, but not with its present
or future values, is accepted. This approach enables the use
of past or future values of the regressed variables or of vari-
ables external to the model as instruments, provided that
they meet the same assumptions [14; 47].

The procedure consists of calculating the differences of the
variables in terms of their lagged values. Then, we can ac-
commodate the hypothesis that endogenous regressors are
correlated with past values of the error term, but not with
their present or future values, configuring a sequential ex-
ogeneity of the regressors [14; 47; 49]. However, according
to Arellano and Bover [50], the model described, estimat-
ed by the Generalized Method of Moments in Differences
(GMM-Dif), although capable of conceiving asymptotical-
ly valid and consistent statistics, can generate inaccurate
and biased results.

To deal with these issues, Blundell and Bond [51] devel-
oped an extension of the method, namely the Systemic
Generalized Method of Moments (GMM-Sys), which is
used in this research. In this approach, the estimators are
combined in a system of regressions in differences with
regressions in level, using the lags of the endogenous ex-
planatory variables in differences as instruments. If the
hypothesis of sequential exogeneity is validated, other mo-

ment conditions are imposed on the GMM-Sys, equations
(2) and (3):

E[Ayit—l (ai T My ):| =05 (@

E[A’Cm—l (a; + 4 )] =0.(3)

Another assumption is also considered, Ax;;_; and g; are
not correlated. This premise remains if the form of the cor-
relation does not change over time. Therefore, the GMM-
Sys takes advantage of the same momentary conditions as

the GMM-Dif and adds others, increasing the efficiency
and performance of the estimator [47; 52]. The GMM-Sys
modeling occurs in two stages, which can generate under-
estimated standard errors. Thus, the study uses Windjmei-
jer’s correction for finite samples, ensuring that the two-
stage results are more efficient and the standard errors are
not biased [14; 53].

Data and variables

Companies were selected based on the European Classi-
fication of Economic Activities (NACE Rev. 2), focusing
on firms engaged in exploration, support services, refin-
ing, and equipment manufacturing within the oil and gas
sector. From the initial range of firms listed in the Refin-
itiv Eikon database, we retained the 50 largest companies
based on total sales revenue, which together accounted for
approximately 83% of the sector’s revenue® - Appendix A.
To ensure consistency across the panel, firms with miss-
ing values for any of the model variables in all years were
excluded. The final dataset covers the period from 2006 to
2020.

To capture the influence of institutional investors on fi-
nancial performance, we considered Tobins Q (TQ) as the
dependent variable - equation (4). This variable has been
widely used to evaluate the performance of companies in
the financial markets [26; 32; 43-45; 54-56].

EMY,
Y, BV, )

Where TQ; is the ratio between the equity market value
(EMYV) and equity book value (EBV) of the company i in

year t. Tobin's Q was scaled by the book value of equity to
ensure comparability across firms.

We also considered the following control variables: com-
pany size, financial leverage, dividends, carbon emission,
and the presence of institutional investors in the ownership
structure of O&G companies (Table 1). Next, we explain
these control variables and their expected relationship be-
tween these variables and TQ:

o Average Sales (Size): the sales (in logarithm) were
used as a proxy for size [57]. The O&G industry
comprises companies with high revenue generation
capacity and a high degree of maturity, which tends
to influence asset pricing. Also, the larger the size of
the company, the greater its visibility [54]. Therefore,
the expected relationship between TQ and Size is
positive.

o Debt (Debt): financial leverage was analyzed by the
debt-to-equity ratio [44]. On one hand, an increase
in financial leverage may signal a larger future cash
flow, which can positively influence a firm’s valuation.

2The sample was based on companies operating in both upstream and downstream segments of the O&G sector. Specifically, 26 integrated companies —
engaged in production, transportation, and refining — were selected; 8 crude oil producers focused on exploration, drilling, production, and supply of
crude oil; 14 companies specialized in refining and marketing petroleum products; and 2 suppliers of equipment and services to oil fields and offshore
platforms. Regarding ownership structure, the sample includes 15 international oil companies and 35 national oil companies. Geographically, the
sample was composed of firms originating from a wide range of regions, including 16 companies from the United States and Canada, 18 from Asia
(Russia included), 13 from Europe, 2 from Latin America, and 1 from Oceania.
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On the other hand, a higher debt-to-equity ratio can
restrict future cash flow due to amortizations and
interest payments in the next period [26; 32; 56; 58].
Thus, the level of leverage is lagged by one period and
the expected relationship between this variable and
Tobin’s Q is undefined.

«  Dividends (Dividends): the payout of the company is
analyzed by the total dividends paid during the fiscal
year relative to net income®. O&G companies have
a history of high distribution of dividends [59]. The
payment of dividends contributes to the reduction
of agency costs and can improve firm performance
[60; 61]. We expect a positive relationship between
Dividends and TQ.

«  Carbon emission (CO,): this variable is calculated as
the ratio between a company’s total CO,-equivalent
emissions (in million tons) and its total assets.

It includes both direct emissions from owned or
controlled sources (e.g., combustion from plants,
vehicles, and equipment) and indirect emissions
from purchased energy (e.g., electricity), but
excludes emissions from the broader value chain
(e.g., suppliers and customers). To account for firm
size and reduce scale-related bias, CO, emissions
were normalized by total assets — a particularly
relevant adjustment in the O&G industry, where
carbon intensity varies substantially across

firms. While environmental performance has
become increasingly important for non-financial
corporations, especially in carbon-intensive sectors,
revenues in this industry remain closely tied to fossil

Table 1. Explanatory variables used in the model

Explanatory

Description Definition

variable

fuel activities. As such, the relationship between CO,
and TQ is undefined [56].

Environmental, Social, and Governance (ESG):

is defined as a binary variable that equals 1 if the
company’s ESG score - calculated by Thomson
Reuters* - exceeds the average for the oil and gas
industry, and 0 otherwise. This operationalization
allows for the differentiation of firms within the same
sector, capturing relative rather than absolute ESG
performance. Several studies indicated that the higher
the ESG performance, the higher the capability of the
firm to attract investors [62-64]. The use of a dummy
variable represents a simplified approach to capturing
ESG performance. The expected relationship between
ESG and TQ is positive.

QTobin, | (TQ,_,: OXG companies are mature
companies, with a good history of appreciation in
the financial market. These characteristics lead to
inertial behavior, or a temporal persistence regarding
the value of these companies [47]. Consequently, the
expected relationship between this variable and TQ is
positive.

Institutional Investors (/]): this variable is obtained
by the ratio between the number of voting shares
(common shares — CS) held by institutional investors
and the total number of common shares. The
expected relationship is positive [26; 43].

We also considered dummies for years to isolate shocks
that could impact the valuation of companies, such as
changes in the oil price.

Ratio between the equity market value and equity book value

T . .

0, Financial Performance (lagged by one period) (+)
Size Size Total sales, in logarithm. (+)
Debt Debt-to-Equity Ratio Ratio b?twec?n total debt (lagged by one period) and share- (undefined)

holders’ equity.
Dividends Dividends Ratlo.between dividend distribution and net income, in +)
logarithm.
Environmental Ratio between carbon emissions (in millions of tons of CO,
CO, . (undefined)
Performance equivalent) and total assets.
ESG Environmental, Social, Dummy variable that takes 1 if the company’s ESG score is +)
and Governance above average in the O&G industry, and 0 otherwise.
o Ratio between the number of common shares held by institu-
1I Institutional Investors (+)

tional investors and the total number of common shares.

* It does not include share buybacks. This decision ensure consistency, given that dividends and buybacks, which are reported separately in the database
and represent distinct mechanisms of shareholder remuneration potentially associated with different firm strategies and valuation implications.

* The ESG score methodology, adopted by Thomson Reuters, comprises more than 400 individual measures, grouped into 10 categories, incorporating
indicators related to environmental performance, workforce management, innovation capacity, shareholder relations, and other relevant dimensions [65].
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Table 2. Descriptive statistics

Variable Obs. Average 221?3?;i Minimum Maximum
TQ 695 1.92 1.94 0.08 15.96
Size 726 24.29 1.33 18.43 26.89
Debt 720 59.65 57.16 0.00 700.76
Dividends 591 -0.98 1.00 -5.77 3.70
Co, 502 0.04 0.03 0.00 0.23
ESG 750 0.45 0.50 0.00 1.00

II 747 22.93 20.46 0.00 83.71

Note: TQ = Tobin’s Q; Size = natural logarithm of total sales; Debt = debt-to-equity ratio; Dividends = ratio between
dividend distribution and net income, in logarithm; CO,: the ratio between carbon emissions (in millions of tons of CO,
equivalent) and total assets; ESG = dummy variable that takes 1 if the company’s ESG score is above average in the O&G
industry, and 0 otherwise; II = the ratio between the number of common shares held by institutional investors and the

total number of common shares.

The variables TQ, , and II were treated as endogenous,
whereas the other variables were considered exogenous. To
deal with this issue, the estimators were adapted to instru-
mental variables. Using lags of the original regressors as
instrumental variables contributes to minimizing dynam-
ic endogeneity. This problem occurs due to the feedback
effects of the response variable for the regressors, that is,
shocks that affect the dependent variable and will possi-
bly affect the independent variables in subsequent periods
[47]. The variables “Carbon emission (CO,)” and “Dum-
mies for years” were also incorporated as instrumental var-
iables. According to the literature, the participation of in-
stitutional investors tends to reduce the carbon emissions
of companies [66]. Therefore, environmental performance
is correlated with the endogenous variable.

Results

Table 2 presents the descriptive statistics of the variables.
The mean Tobins Q (TQ) was 1.92, with a minimum of
0.08 and a maximum of 15.96, indicating high dispersion
among the O&G companies of the sample. The mean sales
(Size), in logarithm, was 24.29. This value was expected
since the sample is characterized by the presence of large
companies. The average financial leverage was around
60%, whereas the mean ratio between dividends and net
income (in logarithm) was —0.98.

In addition, for every US$ 1 billion in total assets, the set
of companies emits, on average, 400,000 tons of CO,. The
maximum was recorded by Formosa Petrochemical in
2015, reaching 2.3 million tons of CO, equivalent for every
billion dollars of total assets. The ESG dummy mean was
0.45 - considering 750 observations, 336 were above av-
erage.

The average participation of institutional investors in the
ownership structure of the sample companies was 22.93%,
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ranging from zero to 86.71%. The literature shows that the
shareholding control of institutional investors varies ac-
cording to the selection of companies and the definition
used for their classification. For example, focusing on the
US market, Bebchuk and Hirst [67] estimated that, for S&P
500 companies, the “Big Three” (BlackRock, Vanguard,
and State Street) “collectively held a median of 27.6% of
votes cast at annual meetings” at the end of 2021. For Indi-
an firms, Panda [68] verified institutional investor partici-
pation of 21%. In addition, Al-Sartawi and Sanad [69] and
Musallam et al. [70] verified participation of around 50%
among Bahraini and Indonesian companies, respectively.

Appendix B shows the set of descriptive statistics and the
distribution of the variables by year. We note a decrease
in the maximum point reached by companies in Tobins Q
and a higher average indebtedness during 2015 and 2016
when the international oil price dropped sharply. The data
also shows an increasing participation of institutional in-
vestors (median), as verified by previous studies [9; 13]. In
addition, the ESG dummy shows an inflection point be-
tween 2014 and 2015. Whereas, in 2006, only 12 compa-
nies were above the mean ESG score, in 2020, this number
reached 31 companies that showed an improvement in
ESG performance in this period.

Table 3 shows the correlation matrix between the varia-
bles. Contrary to expectations, we observe a negative and
significant correlation between Tobins Q and company
size (Size). In addition, carbon emission (CO,) registered
a positive and significant correlation with financial per-
formance. Whereas carbon emissions showed a negative
and significant correlation with the ownership of these
investors, the ESG metric showed a positive and signifi-
cant correlation. These findings point out the importance
of environmental performance and corporate governance
for institutional investors. As indicated by previous studies,

Higher School of Economics



Journal of Corporate Finance Research / New Research

Vol. 20 | N2 3 | 2025

Table 3. Correlation matrix

Variable (1) (2) (3) (4) 6) (©) )
(1) TQ 1.000
)11 0.032 1.000
(0.393)
(3) Size ~0.240% 0.087* 1.000
(0.000) (0.019)
(4) Debt 0.074 ~0.086* ~0.040 1.000
(0.050) (0.021) (0.282)
(5) Dividends -0.026 ~0.105* 0.080 0.043 1.000
(0.532) (0.011) (0.053) (0.301)
(6) CO, 0.199* -0.128* 0.011 0.000 0.031 1.000
(0.000) (0.004) (0.809) (1.000) (0.523)
(7) ESG -0.055 0.195* 0.323* -0.015 0.238* -0.146* 1.000
(0.144) (0.000) (0.000) (0.692) (0.000) (0.001)

© p < 0.01, ** p < 0.05,* p <0.1.

institutional investors are in the process of changing their
portfolio allocation to reduce their exposure to carbon-in-
tensive assets [71; 72], seeking to mobilize resources under
the aegis of ESG. In 2021, BlackRock, a preeminent capital
management corporation, stated that ESG has become a
critical factor in company valuation [73].

Table 4 presents the results of the first and second stages
of model estimation, showing the estimated coeflicients,
standard deviations (in parentheses), and significance level
(represented by asterisks). For all coefficients, we used the
correction of standard errors proposed by Windjmeier for
finite samples, orthogonal deviations, and corrections for
small samples.

The results indicate a robust fit of the model to the data. In
the Hansen test of overidentifying restrictions, we do not
reject the null hypothesis, which attests to the suitability
of the instruments. The Arellano and Bond [48] autocor-
relation tests found a first-order negative autocorrelation
in the idiosyncratic errors of the first difference, but not of

the second. Thus, the hypothesis that ¢4 is not autocor-
related is corroborated.

The two-stage estimator is more efficient but biased. How-
ever, with Windmeijer’s correction, the two-stage specifi-
cation becomes asymptotically more efficient and unbiased
[53]. Therefore, the interpretation of the model will focus
on the results from the second stage.

The results indicate that Tobin’s Q lag in a certain period
is statistically significant and positively correlated with its
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current value, which confirms the hypothesis of the iner-
tial behavior of the variables, in line with the theoretical
assumption [47].

The analysis reveals that the dividend variable has a posi-
tive and statistically significant effect on financial perfor-
mance, consistent with the empirical evidence reported by
Bossman et al. [74] and Farrukh et al. [75]. This finding
aligns with agency cost theory, which posits that dividend
payments serve as a governance mechanism to mitigate
conflicts of interest between managers and shareholders.
As Easterbrook [76] notes, higher dividend payouts reduce
the free cash flow under managerial discretion, compelling
firms to raise external financing and thereby subjecting
managerial decisions to greater investor scrutiny. Such
monitoring fosters transparency, accountability, and align-
ment of managerial incentives with shareholder interests,
while promoting disciplined investment and more efficient
capital allocation - factors that collectively improve firm
performance [76; 77].

The strength of this relationship may also reflect the ma-
turity of many O&G companies, which often operate with
stable cash flows and limited high-return reinvestment op-
portunities, making dividends a preferred means of return-
ing value to shareholders. Regular dividend payments can
also signal financial stability and management’s confidence
in future earnings, reinforcing investor trust and support-
ing firm valuation. In the O&G sector - characterized by
high capital intensity, cyclical commodity prices, and sub-
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stantial cash generation during upturns - dividends may
be perceived both as a commitment to shareholder returns
and as a hedge against market volatility, further strengthen-
ing their positive association with financial performance.

A positive relationship between carbon emissions and
Tobin’s Q is also observed. This outcome reflects the pre-
vailing cash flow structure in O&G companies, which re-
mains heavily reliant on carbon-intensive activities that
continue to deliver strong market returns despite their
environmental costs. During the 2010s, institutional in-
vestors maintained substantial positions in such assets,
while O&G firms began repositioning themselves as
broader energy providers, a strategy that helped sustain
their market valuations during the ongoing energy tran-
sition [78; 79].

This positive association may reflect a short-term effect,
whereby immediate cash flows from carbon-intensive op-
erations continue to drive firm valuation during this tran-
sitional period [80]. However, as global pressure for carbon
neutrality intensifies and green investments gain traction,
O&G companies have increasingly diversified into renewa-
bles, biofuels, and electricity distribution, while expanding
R&D efforts to align with evolving market expectations —
even though ESG scores have not yet shown a significant
impact on firm performance [81].

Institutional investors are also adapting, as they recog-
nize the potential to align environmental sustainability
with financial performance. As a result, they are gradu-
ally redirecting capital toward climate-aligned strategies
and reshaping market perceptions around the valuation
of carbon-intensive assets [81-83]. Supporting this trend,
Machado et al. [79] found that firms with higher levels of
environmental innovation increasingly attract institutional
investments.

In addition, results indicate that institutional investors’
presence in the ownership structure positively impacts the
financial performance of O&G companies. These agents
not only provide capital but also actively engage in mon-
itoring and advising firms, encouraging the adoption of
practices that enhance long-term value [35; 36]. This in-
fluence can be particularly relevant in industries charac-
terized by capital intensity and exposure to commodity
cycles, where investor pressure can drive firms toward
operational efficiencies, lower litigation and crash risks,
and sustainable innovation pathways [37; 44]. Moreover,
institutional investors can act as certification mechanisms
that signal firm quality to the market, enhancing valuation
beyond direct monitoring effects [29].

Finally, size, debt, and ESG show no significant influence
on financial performance. The absence of a size effect is
likely due to the homogeneity of the sample, which com-
prises only the largest companies in the O&G industry,
thereby limiting variation in this dimension. As for debt,
although the coefficient is not statistically significant, the
relatively high standard deviation suggests a polarized dis-
tribution: while some firms operate with little or no debt,
others are highly leveraged. This divergence may neutral-
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Table 4. GMM-Sys estimation results

1st stage 2nd stage

TQ,, 0.805  *** 0806  ***
(0.099) -117 .

Size -0.111 0.035
(0.390) (0.270)

Debt 1.211 * 0.634
(0.715) (0.552) .

Dividends 0.509 Rkl 0.375 e
(0.180) (0.143)

CO, 3.240 bl 2.850 *
-1.582 -1.500

ESG —-0.108 —-0.058
(0.383) (0.400)

II 1.945 ot 1.533 bl
(0.682) -0.786

(I))f“g:r‘ies YES YES

oNf“;E]S’.er 394 394

No. of groups 45 45

i(:n (:§ instru m 44

AR(1) ~2.50 -2.12

p-value 0.013 0.034

AR(2) ~1.13 ~0.99

p-value 0.258 0.322

Hansen 18.05 18.05

p-value 0.755 0.755

Notes: i) *** p < 0.01, ** p < 0.05, * p < 0.1; ii) The ‘YES’
indicates that year dummies were incorporated into the
model (their coefficients were not presented due to a
space constraint); iii) For the Hansen, AR (1), and AR
(2) tests, we highlighted the statistics and just below the
p-value.

ize the average effect, indicating that the impact of debt
depends on firm-specific factors such as capital structure,
risk tolerance, and financial strategy. With respect to the
ESG variable, the lack of statistical significance may reflect
both the characteristics of current practices in the O&G
industry and limitations of the available data. While ESG
performance has gained visibility among investors, many
sustainability initiatives in this sector remain in their early
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stages, potentially delaying their impact on market valua-
tion. In addition, the use of an industry-relative dummy
simplifies ESG measurement and may not capture varia-
tions in specific environmental, social, or governance di-
mensions that could influence firm performance more di-
rectly — an analysis that would require a dedicated focus on
this dimension.

Conclusions

Several studies have investigated the influence of insti-
tutional ownership on corporate strategies. While some
emphasize the positive role of institutional investors in
monitoring and improving firm value, other suggest these
agents may exert short-term pressure on managerial deci-
sion-making. This study contributes to this debate by eval-
uating the impact of institutional investor ownership on
firm performance in the O&G industry - one of the most
strategic sectors of the global economy which is currently
under financial and environmental pressure.

Based on a panel of the 50 largest O&G companies and us-
ing the GMM-Sys, our findings indicate that institutional
ownership has a positive and significant influence on fi-
nancial performance. These results are consistent with pri-
or evidence that highlights the beneficial role institutional
investors can play in enhancing governance and aligning
corporate strategies with shareholder interests.

The results confirm the relevance of institutional investors
in capital markets and, in particular, in the O&G sector.
As major capital holders and significant shareholders, they
can influence both governance practices and long-term
strategies, including those related to the energy transition.
This underscores the need for regulatory approaches that
address not only corporate practices but also the incentives
and monitoring capacity of these investors. In a sector fac-
ing substantial sustainability challenges, their engagement
can accelerate the adoption of sustainable practices and
support low-carbon transitions.

Our results reveal that carbon emissions and dividend
payments continue to exert strong influence on firm per-
formance, suggesting that short-term financial metrics
remain central to valuation in the sector. This coexistence
points to a transitional moment: while institutional inves-
tors appear to support value-enhancing strategies, firms
still rely on carbon-intensive activities and short-term
shareholder rewards, reflecting the ongoing tension be-
tween legacy business models and the imperative of long-
term transformation.

These insights are particularly relevant for investors, ex-
ecutives, and policymakers seeking to understand the
drivers of performance in carbon-intensive industries.
They reinforce previous literature that suggests that in-
stitutional investors can play a positive role in improving
corporate long-term performance and implies that these
investors may serve as catalysts for change, with the po-
tential to guide companies through the challenges of the
energy transition — provided they adopt long-term, sus-
tainability-oriented approaches.
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Nonetheless, this study has limitations. A key constraint is
the treatment of institutional investors as a homogeneous
group, despite the diversity of their objectives, time hori-
zons, and levels of engagement. This simplification may
overlook important nuances in how different types of in-
vestors influence firm behavior. Future research should
explore these dynamics by distinguishing between pres-
sure-sensitive and pressure-resistant investors, as well as
examining the role of investment tenure in shaping firm
strategies.

In addition, further research should explore the interaction
between institutional ownership, ESG performance, and
financial outcomes, particularly in industries undergoing
structural transformation. Future studies could also break
down ESG performance into its individual pillars - Envi-
ronmental, Social, and Governance - to generate deeper
insights. Additionally, examining the role of long-term-ori-
ented institutional investors in aligning environmental ob-
jectives with financial performance represents a promising
avenue for research. These investors may contribute to risk
reduction and foster innovation, supporting the alignment
of sustainability goals with financial outcomes, an area of
increasing relevance amid the global transition toward de-
carbonization.
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Appendix A. Selected companies of the study

AMPOL (CALTEX AUSTRALIA LIMITED)

BHARAT PETROLEUM CORPORATION LIMITED
BP PLC

CANADIAN NATURAL RESOURCES LIMITED
CENOVUS ENERGY INC.

CHEVRON CORPORATION

CHINA PETROLEUM & CHEMICAL CORPORATION
CNOOC LIMITED

CONOCOPHILLIPS

COSMO ENERGY HOLDINGS CO., LTD.

EMPRESA COLOMBIANA DE PETROLEOS - ECOPETROL S.A.
ENEOS (JXTG HOLDINGS, INC.)

ENIS.PA.

EOG RESOURCES INC

EQUINOR ASA

ESSO SA

EXXON MOBIL CORP

FORMOSA PETROCHEMICAL CORPORATION
GALP ENERGIA, S.G.PS., S.A.

HALLIBURTON CO

HINDUSTAN PETROLEUM CORPORATION LIMITED
HOLLYFRONTIER CORPORATION

HUSKY ENERGY INC.

IDEMITSU KOSAN CO., LTD.

IMPERIAL OIL LIMITED

KUNLUN ENERGY COMPANY LIMITED
MARATHON PETROLEUM CORPORATION

MOL MAGYAR OLAJ-ES GAZIPARI RT.

NATIONAL COMPANY KAZMUNAYGAZ JSC

NESTE OY]

OCCIDENTAL PETROLEUM CORPORATION

OIL & NATURAL GAS CORPORATION LIMITED
OMV AKTIENGESELLSCHAFT

PBF ENERGY INC.

PETROCHINA COMPANY LIMITED

PETROBRAS

PHILLIPS 66

PJSC SURGUTNEFTEGAS

POLSKI KONCERN NAFTOWY ORLEN SA.

PTT PUBLIC COMPANY LIMITED

PUBLIC JOINT STOCK COMPANY GAZPROM NEFT
PUBLIC JOINT STOCK COMPANY OIL COMPANY LUKOIL
PUBLICHNOE AKTSIONERNOE OBSCHESTVO NEFTYANAYA KOMPANIYA ROSNEFT
REPSOL S.A.

ROYAL DUTCH SHELL PLC

SCHLUMBERGER N.V.

SUNCOR ENERGY INC.

TOTAL S.A.

TURKIYE PETROL RAFINERILERI A.S.

VALERO ENERGY CORP
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Appendix B

Figure 1. Descriptive statistics and distribution graph of the variable
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Note: Each graph contains the median (point) and the interquartile range (vertical bar in the center). TQ = Tobins Q;
Size = natural logarithm of total sales; Debit = debt to equity ratio; Dividends = ratio between dividend distribution and
net income, in logarithm; CO: the ratio between carbon emissions (in millions of tons of CO, equivalent) and total assets;
ESG = dummy variable that takes on a value of 1 if the company’s ESG score is above average in the O&G industry, and 0
otherwise; II = the ratio between the number of common shares held by institutional investors and the total number of
common shares.
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Abstract

In recent years, with the rapid development of technology and the ICT field, enterprises and governments have been ac-
celerating the digitalisation process. However, alongside technological advancements, climate change has become a matter
of global concern. As the core participants in economic activities, enterprises play a crucial role in promoting economic
development through digital transformation while reducing carbon emissions. Nevertheless, questions remain: Can dig-
ital transformation further assist enterprises in reducing carbon emissions, facilitating the realisation of China’s “dual
carbon” goals? And are there differences among different types of enterprises? This study employs the fixed effects model
to conduct an in-depth analysis of these issues based on listed companies, state-owned enterprises, and large local private
enterprises in China over the past decade. The research findings indicate that the digital transformation of enterprises
can significantly reduce regional carbon emission intensity. Further study reveals that digital transformation promotes
the low-carbon development of regions by driving technological innovation. Additionally, heterogeneity analysis shows
that the impact of digital transformation is more significant in traditional high-energy enterprises. The innovation and
contribution of this paper lie in exploring the effect of enterprise digital transformation on regional energy conservation
and emission reduction from a digital perspective. It demonstrates that, in addition to the transition to clean energy, accel-
erating the digital transformation of enterprises provides another approach to achieving carbon neutrality. It also enriches
academic research results in the fields of digital economy, energy conservation and emission reduction.
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Introduction

In recent years, the digital economy has become the core
driving force of global economic growth. According to sta-
tistics from the International Monetary Fund (IMF), the
global digital economy accounted for more than 40% of
the world’s total economy in 2023[1]. According to World
Bank data, the total global digital trade volume reached
7.13 trillion US dollars in 2023, representing 22.5% of
total international trade [2]. With its advantages in digi-
tal technology innovation, the United States had a digital
economy of 17.2 trillion US dollars in 2022, accounting for
more than 65% of the GDP [3]. The European Union has
also achieved remarkable results in digital economic gov-
ernance, promoting the steady development of the digital
economy [4].

China’s digital economy has experienced rapid expansion,
with its scale surpassing 50 trillion CNY in 2022, account-
ing for 41.5% of the GDP [5]. By 2023, this figure further
increased to 53.9 trillion CNY, contributing 42.8% to the
GDP and driving 66.45% of annual GDP growth [5]. Inno-
vations in digital technologies - including big data, cloud
computing, and artificial intelligence - have been instru-
mental in sustaining this growth trajectory [6].

While digital technologies — such as big data, cloud com-
puting, and artificial intelligence — drive productivity and
innovation, their environmental implications remain con-
tested [7]. Prior research has extensively examined the
economic benefits of digitalization [3-5], yet its role in
mitigating climate change, particularly through corporate
carbon emission reduction, lacks systematic evidence. This
gap is critical to address, as digital transformation may ei-
ther accelerate decarbonization through efficiency gains or
exacerbate emissions via increased energy demand.

As the world’s largest carbon emitter, China generated
11 billion metric tons (Mt) of CO, in 2022, representing
28.87% of global emissions [8], China has pledged ambi-
tious “Dual Carbon” targets (peaking emissions by 2030
and achieving neutrality by 2060 [9]). While China’s digital
economy booms, existing studies predominantly analyse
its macro-level impacts, overlooking how enterprise-level
digitalization influences regional emission intensity — a key
determinant of climate policy efficacy.

This study bridges three critical gaps in the literature.
First, while prior work analyses digitalization’s economic
outcomes [3: 6], we provide granular evidence on its envi-
ronmental effects by linking corporate digital transforma-
tion to regional carbon emission density. Second, existing
metrics for digitalization (e.g., patent counts or broadband
penetration) fail to capture firm-specific investments; we
propose a novel financial-statement-based measure, quan-
tifying digital assets (software, IT infrastructure, and in-
tellectual property) to reflect true adoption depth. Third,
we identify sectoral heterogeneities, revealing which in-
dustries benefit most from digitalization’s decarbonization
potential - a finding crucial for targeted policymaking.

Our findings offer timely insights for governments and
firms balancing digital growth with sustainability. By
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demonstrating how enterprise digitalization can reduce
emission intensity, this study informs China’s “Dual Car-
bon” strategy while providing a replicable framework for
other economies navigating the digital-climate nexus.

Literature Review

Research on the Relationship between
Digital Economy and Carbon Emissions

The Carbon-Reducing Effect of the Digital Economy
Many scholars believe that the digital economy has an in-
hibitory effect on carbon emissions, mainly achieving car-
bon reduction through means such as optimizing resource
allocation, promoting green technology innovation, and
driving industrial structure upgrading.

The digital economy can enhance the accuracy and effi-
ciency of resource allocation by virtue of technologies such
as big data and cloud computing. For example, Kuang Y
and Fan Y [10] found that the digital economy, by ana-
lysing massive amounts of data, can effectively reduce in-
formation asymmetry, enabling resources to flow and be
distributed more rationally among various industries and
enterprises. This avoids the idling and waste of resourc-
es and reduces carbon emissions caused by unreasonable
production.

In terms of green technology innovation, the digital econ-
omy provides strong technological support and an inno-
vative environment. Yumeng Sun [11] pointed out that
digital technologies can accelerate the dissemination and
sharing of knowledge, reduce innovation costs, and stimu-
late enterprises’ enthusiasm for green technology research
and development. The new business forms and models
spawned by the digital economy also provide a broad mar-
ket space for the application of green technologies, further
promoting the latter’s development and popularization.

Furthermore, the development of the digital economy can
promote the optimization and upgrading of the industrial
structure. The digital economy prompts the transforma-
tion of traditional industries towards digitalization and in-
telligence. The proportion of high energy-consuming and
high-emission industries gradually decreases, while indus-
tries with low energy consumption and high added value
are constantly emerging, improving energy efficiency and
significantly lowering carbon emissions [12]. The digital
economy can also reduce carbon emissions during the en-
ergy consumption process by improving energy efficiency.

Based on this, we propose our first hypothesis:

H1: Digital transformation exerts an inhibitory effect on
the carbon emissions of enterprises, thereby significantly
reducing the regional carbon emission intensity.

The Carbon-Increasing View of the Digital Economy

However, existing research has not yet reached a consensus
on whether the digital economy can significantly limit car-
bon emissions, as well as its influencing mechanisms and
effects. Some scholars hold other views, believing that the
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digital economy can lead to an increase in carbon emis-
sions during its development. Data centres, a key infra-
structure of the digital economy, consume a large amount
of energy during their operation. According to statistics,
the electricity consumption of global data centres as a pro-
portion of total global electricity consumption has been
rising year after year, and the resulting carbon emissions
cannot be ignored. Some research pointed out that the
rapid development of the digital economy has led to a
substantial increase in the demand for data storage, pro-
cessing, and transmission, thus promoting the large-scale
construction of data centres and resulting in an increase in
carbon emissions [13-15].

The development of the digital economy also drives the
development of related industries manufacturing servers,
communication equipment, etc. The production processes
of these devices consume a lot of energy and generate car-
bon emissions. At the initial stage of digital economy de-
velopment in some regions, energy efficiency and environ-
mental protection may be overlooked in favour of speed,
leading to an increase in carbon emissions.

In recent years, research has increasingly shown that the
relationship between the digital economy and carbon
emissions is non-linear. Weihang Du and Xinnuo Liu [16]
demonstrated empirically that, with the development of
the digital economy, carbon emissions follow an inverted
U-shaped curve. At the initial stage of digital economy de-
velopment, the development of the digital economy may
lead to an increase in carbon emissions due to limited tech-
nological levels and imperfect infrastructure. However,
when digital economy development attains a certain stage,
its functions of optimizing resource allocation, promoting
green technology innovation, and upgrading the industrial
structure gradually come into effect, achieving a reduction
in carbon emissions.

Based on this, Zhang and Qi [17] introduced a spatial
econometric model and found that the digital economy
has a significant inverted U-shaped relationship with lo-
cal carbon emissions and a U-shaped relationship of “first
inhibition, then promotion” with carbon emissions in
neighbouring regions. This indicates that the impact of the
digital economy on carbon emissions not only exists lo-
cally but also affects neighbouring regions through spatial
spillover effects.

Based on this, we propose our second hypothesis:

H2: The digital transformation of different types of enter-
prises contributes differently to the reduction of regional
carbon emission intensity.

Exploring the Influence of the Digital
Economy on Carbon Emissions

Industrial Structure Upgrading

The digital economy, with its strong technological advan-
tages and innovation capabilities, plays a crucial role in
promoting the transformation of the industrial structure
towards low-carbonization. This is mainly reflected in two
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aspects: fostering emerging industries and transforming
traditional industries [18].

With regard to the former aspect, the vigorous develop-
ment of digital technologies has given rise to a series of
highly promising emerging industries. A case in point is
the big data industry. With the explosive growth of data
volume, the demand for data storage, analysis, and appli-
cation is increasing with each passing day, giving birth to a
large number of enterprises engaged in data mining, data
analysis, data visualization, and other processes. Through
the in-depth analysis of massive data, these enterprises
provide accurate decision-making support for various in-
dustries, optimize resource allocation, and thus reduce the
energy consumption and carbon emissions of the entire
society [19]. The cloud computing industry, by providing
powerful computing power and storage resources, enables
enterprises to avoid building large-scale local data cen-
tres, reducing the energy consumption and carbon emis-
sions of hardware devices [20]. The artificial intelligence
industry, through intelligent production and management,
improves production efficiency, reduces production costs,
and channels the development of industries into the green
and low-carbon directions [21: 22]. Driven by digital tech-
nologies, the new energy vehicle industry has achieved
breakthroughs in batteries, autonomous driving technolo-
gies, etc., accelerating the electrification of the automotive
industry and significantly reducing carbon emissions in
the transportation sector [23].

Regarding the transformation of traditional industries, the
digital economy provides technological support for the dig-
ital and intelligent transformation of traditional industries
[24]. Traditional manufacturing industries, by introducing
technologies such as the Industrial Internet and the Internet
of Things, have realized intelligent monitoring and manage-
ment of the production process. Production equipment can
collect data in real time and, through data analysis, optimize
the production process, improve production efficiency, and
reduce energy consumption [25: 26]. The digital economy
has promoted the servitization of traditional industries.
Manufacturing enterprises have shifted from simple prod-
uct production to providing comprehensive solutions of
products and services, increasing product-added value and
reducing carbon emissions in the production process [27].
In the agricultural field, the application of digital technol-
ogies has led to the emergence of precision agriculture. By
employing real-time monitoring and analysing data such
as soil, climate, and crop growth, precise fertilization and
irrigation are carried out, improving agricultural produc-
tion efficiency and reducing agricultural non-point source
pollution and energy consumption [28].

Driving Force of Technological Innovation

The digital economy provides comprehensive support for
technological research, development, application, and dif-
fusion, strongly promoting the reduction of carbon emis-
sions [29].

At the research and development stage, the digital econ-
omy, through technologies such as big data and cloud
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computing, provides abundant data resources and power-
ful computing capabilities for green technology research
and development. Enterprises can use big data analysis
to integrate and analyse information such as global green
technology research results, market demands, and poli-
cy orientations, quickly discover breakthroughs in green
technology research and development, avoid duplicate re-
search, and improve research and development efficiency
[30]. Cloud computing technology provides a powerful
computing platform for complex green technology simu-
lations and experiments, reducing research and develop-
ment costs [31]. The digital economy also promotes the
deepening of industry-university research cooperation.
By building digital innovation platforms, it breaks down
barriers between universities, research institutions, and
enterprises, accelerating the flow and integration of green
technology innovation factors [32: 33].

At the application stage, the digital economy promotes
the wide application of green technologies in various
industries [34]. Smart grid technology, through the in-
telligent management of the power system, realizes the
efficient transmission and distribution of electricity, re-
ducing power losses [35: 36]. Energy management sys-
tems use digital technologies to monitor and analyse the
energy consumption of enterprises in real-time, help-
ing enterprises formulate scientific energy management
strategies and improve energy efficiency [37]. The sharing
economy models spawned by the digital economy, such
as shared mobility and shared office spaces, improve re-
source utilization efficiency, reducing resource waste and
carbon emissions [38: 39].

At the diffusion stage, the network effects and platform
advantages of the digital economy accelerate the spread of
green technologies. Digital platforms provide convenient
communication and trading channels for both the sup-
ply and the demand sides of green technologies, reducing
the costs and risks of technology transfer. Enterprises can
quickly obtain the required green technologies through
the platform, accelerating the application and promotion
of technologies [40: 41]. Digital channels such as social
media and online forums also provide new ways for the
promotion and popularization of green technologies, facil-
itating the dissemination and sharing of green technology
knowledge [42: 43].

Other Influencing Factors

Investment plays a crucial role in the digital economy’s im-
pact on carbon emissions [44]. Venture capital investment
in green technology innovation enterprises accelerates
green technological research, development, and industrial-
ization, contributing to the reduction of carbon emissions
[45]. A large amount of capital flowing into the digital
economy field has promoted the construction of digital
infrastructure as well as research and development in the
field of digital technologies. Investment in 5G network
construction provides high-speed, stable network support
for the development of the digital economy, facilitating the
application of digital technologies in various industries,
thus indirectly affecting carbon emissions [46].
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The adjustment of the energy consumption structure is an
important part of the digital economy’s carbon reduction
efforts [47]. The development of the digital economy has
promoted the transformation of energy consumption to-
wards clean energy. The application of smart grid technol-
ogy has improved the absorption capacity of renewable en-
ergy, enabling clean energy such as solar and wind power
to be more stably connected to the grid, reducing reliance
on traditional fossil fuels, and thus lowering carbon emis-
sions [48]. Digital technologies can also improve energy ef-
ficiency and reduce energy waste by optimizing the energy
management system [49].

Government actions have an important guiding and regu-
lating effect on the relationship between the digital econo-
my and carbon emissions [50]. By implementing relevant
industrial, tax, subsidy and other policies, the government
promotes the development of the digital economy and the
realization of carbon reduction goals. The government
adopts industrial policies to encourage the development of
the digital economy, guiding resources to converge in the
digital economy field and promoting the innovation and
application of digital technologies [51]. Tax-preferential
policies for digital economy enterprises reduce the operat-
ing costs of enterprises and enhance their competitiveness
[52]. By formulating strict environmental regulations and
carbon emission standards, the government restricts the
carbon emission behaviour of enterprises, prompting them
to increase investment in green technological research, de-
velopment, and application to achieve energy conservation
and emission reduction [53]. The government can also
guide market demand to incline towards green products
and services through policies such as green procurement
and promoting the green upgrading of industries [54: 55].
This leads to our third hypothesis.

H3: The digital economy drives enterprises to promote
low-carbon development by enhancing green technology
innovation.

Data and Methodology

Data Sources

This study utilizes panel data from listed companies across
Chinese provinces over the past decade, including state-
owned enterprises, central enterprises, and large private
firms. The dataset primarily integrates China’s digital econ-
omy and carbon emission statistics. For digital economy
metrics, core data were extracted from the White Paper
on China’s Digital Economy Development (published by
the China Academy of Information and Communications
Technology, CAICT), which provides comprehensive sta-
tistics on digital economy scale, industrial structure, and
growth trends. Supplementary indicators, such as val-
ue-added outputs and employment figures in digital-re-
lated sectors (e.g., information transmission, software, and
IT services), were sourced from the China Statistical Year-
book [56].

Carbon emission data were obtained from the China Emis-
sion Accounts and Datasets (CEADs), a multi-scale car-
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bon accounting database covering regional and industrial
emissions [57]. Additionally, the Multi-resolution Emis-
sion Inventory for China (MEIC), developed by Tsinghua
University, was employed to enhance spatial and temporal
resolution [58].

To control for confounding factors, auxiliary variables -
including industrial structure, GDP, population size,
and energy consumption patterns — were compiled from
the China Statistical Yearbook [56] and the International
Energy Agency (IEA) database [59]. Missing values were
addressed using linear interpolation.

Further supplementary data were derived from the China
Statistical Yearbook on Science and Technology, provincial
statistical yearbooks, the CSMAR database, and the EPS
Data Platform [60: 61].

The final dataset consists of 6583 sample companies and
converges to 330 sample observations. This paper uses Sta-
ta 18.0 software for empirical analysis.

Variable Description

Dependent Variable: The dependent variable is regional
carbon emission intensity CO,, measured as total carbon
emissions divided by regional GDP for province i in year t.
Unlike studies focusing on aggregate emissions [62], this
metric captures emission efficiency dynamics, aligning
with IPCC guidelines for decoupling analysis. In the em-
pirical analysis, the carbon emission intensity was logarith-
mically calculated to take into account the magnitude of
the value.

Independent Variable: The independent variable is
the corporate digitalization level Digt.

Table 1. Variable Definitions

Currently, numerous studies assess digitalization levels by
analysing the frequency of digital-related keywords in cor-
porate annual reports, a method widely used to evaluate a
company’s degree of digitalization [63]. However, keyword
frequency only reflects the management’s attention to dig-
italization and does not represent the company’s actual
digital level. In contrast, evaluating digital assets is more
practical, as it directly measures a company’s investment in
digitalization. Therefore, this study adopts the methodolo-
gy of assessing a company’s digitalization level by calculat-
ing the proportion of digital assets [64], such as software,
cloud, servers, and big data, disclosed in annual financial
statements. Specifically, the ratio of digital assets to in-
tangible assets at year-end serves as a proxy indicator for
measuring the degree of digitalization. Additionally, data
from companies within the same province are aggregated
to represent the digitalization level of that region.

Mediating Variable: Technological innovation Tech;, is
proxied by the annual count of granted patents per enter-
prise. Patent data were sourced from the China National
Intellectual Property Administration (CNIPA) database,
with utility models and design patents excluded to focus
on substantive innovations.

Control Variable: It is necessary to add control variables
to study whether enterprise digital transformation can
drive green and low-carbon development. In this paper,
we refer to related research studies to select the follow-
ing control variables: the ratio of added value of tertiary
industry to GDP (Pti), employment rate (Emp), urban-
ization level (Urb), foreign direct investment (FDI) and
government fixed investment (Fix). Taking into account
the magnitude of the values, we take the logarithm of FDI
and Fix (Tables 1 and 2).

Variable Type Variable Name  Variable Symbol Variable Description
Dependent Carbon emission Carbon emission per unit GDP was quantified and loga-
. . . CO N s R
Variable intensity % rithmically transformed to mitigate skewed distri