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Abstract: This study, situated in the context of China’s transportation and logistics industry, ex-
plores the impact of digital transformation on corporate environmental, social, and governance
(ESG) performance, as well as the role played by green innovation. Analyzing data from 95 A-share
listed transportation companies from 2011 to 2021, this paper examines the relationship between
digital transformation and corporate ESG performance, drawing on information asymmetry and
agency theories. The research finds that digital transformation significantly elevates corporate ESG
levels, with more pronounced effects in state-owned and large enterprises. The degree of financing
constraints modulates this relationship, indicating a stronger enhancement of ESG performance by
digital transformation under lower financing constraints. Moreover, green innovation serves as a
mediator between digital transformation and corporate ESG performance, revealing that digital trans-
formation boosts ESG outcomes through fostering green innovation. The contribution of this study
lies in providing new insights into the relationship between digital transformation and corporate
ESG performance in a specific industry context, expanding the field through a lens of mechanisms
and conditions, and underscoring the central mediating influence of green innovation.

Keywords: digital transformation; corporate ESG performance; green innovation; transportation and
logistics industry; financing constraints

1. Introduction

With the increasing severity of global climate change and resource constraints, the
environmental, social, and governance (ESG) performance of corporations is garnering
heightened attention [1]. The ESG concept, which emphasizes sustainable corporate de-
velopment, was first introduced in 1992 by the United Nations Environment Programme
Finance Initiative (UNEP FI). It encourages businesses to incorporate environmental, social,
and governance considerations into their decision-making processes. ESG principles prior-
itize the pursuit of social value and sustainable corporate growth over purely economic
gains, emphasizing the importance of quality and efficiency in business development [1].

These principles align well with China’s current goals of achieving high-quality eco-
nomic and sustainable development [2]. In recent years, the Chinese government has
been introducing new policies to promote the implementation of ESG practices among
businesses, supporting China’s dual carbon goals (peak carbon and carbon neutrality)
and the high-quality development of its economy and society. For instance, in May 2022,
China’s State-owned Assets Supervision and Administration Commission (SASAC) re-
leased the “Plan to Improve the Quality of State-Owned Enterprises’ Listed Companies”,
aiming to achieve full coverage of ESG reporting by central enterprises by 2023 and to
promote the establishment of an ESG rating system among these enterprises. These develop-
ments underscore the growing importance of ESG performance in corporate management
and development.
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In China, the transportation and logistics industry holds a strategic position in both
economic development and people’s lives, forming a crucial part of the national economy.
With the progression of the era, the current Chinese transportation and logistics industry
exhibits several distinctive features. First, it involves substantial asset investment. The
transportation and logistics sector, being a foundational and service-oriented industry
directly related to public welfare, grows rapidly in tandem with the national economy [3].
The continuous development of the Chinese economy and the increasing activities in
global trade have driven the expansion and rapid growth of this sector [4]. Second, it
is undergoing a transformational phase. To enhance operational efficiency and reduce
industry bottlenecks, the sector is integrating advanced digital technologies such as GPS
tracking, the Internet of Things (IoT), and AI-driven logistics management systems. Third,
the industry is characterized by high energy consumption and significant environmental
impact. It is the third-largest source of emissions in China [5], accounting for 12% of the
country’s total carbon emissions [6], and the energy consumption and carbon emissions
of the transportation sector are expected to continue rising rapidly with the high-speed
development of the economy. Fourth, the industry faces stringent regulation and intense
competition. The regulatory environment in China is evolving, increasingly emphasiz-
ing environmental standards and sustainable practices. The coexistence of state-owned,
private, and foreign enterprises also contributes to heightened competition within this
diverse sector.

Additionally, the COVID-19 pandemic has had significant negative impacts and
brought about considerable volatility to the global transportation systems and ports [7].
Xu et al. (2022) [8], utilizing the GARCH-MIDAS model, analyzed the volatility of the
Baltic Dry Index (BDI) during the pandemic. Their analysis highlights the vulnerability
of the global transportation network in the face of such crises, underscoring the need for
transportation companies to strengthen their resilience against risks. Hence, achieving
sustainable development in this industry is crucial not only for its own progress but also for
the comprehensive, superior development of the national economy. In response, China’s
transportation and logistics industry is focusing on ESG practices to facilitate a low-carbon
transformation and address issues related to high emissions, pollution, and challenges in
social and environmental governance that hinder high-quality development. ESG practices
in this industry are proving effective. According to the latest statistics from the “China
Listed Companies ESG Action Report (2022–2023)”, nearly 40% of the 121 A-share listed
companies in the Chinese transportation and logistics sector have an ESG rating of A or
higher. However, over 30% of these companies have an ESG rating of C or lower, indi-
cating significant potential and prospects for further development of ESG practices in the
transportation and logistics industry.

Meanwhile, digital transformation has become a key development trend across vari-
ous industries. Digital technologies have spurred the growth of a vibrant digital economy.
The prevailing view is that digital transformation is one of the essential pathways for
contemporary enterprises to foster innovation [9,10], enhance corporate value [11], and
achieve sustainable and high-quality development [12]. Additionally, new digital technolo-
gies such as big data analytics can be applied in internal data management, tracking, and
sharing, enhancing operational efficiency [13] and rational decision-making capabilities of
corporate leaders.

Consequently, this study aims to explore the impact of digital transformation on
ESG performance within China’s transportation industry and to unravel the underlying
mechanisms of this influence. The pertinent literature is categorized into three distinct
sections for a comprehensive analysis: the first section examines the effects of corporate
ESG; the second section delves into factors influencing corporate ESG practices; and the
third section assesses the outcomes of digital transformation.

Current research on corporate ESG is often carried out from the perspective of internal
governance, and the research related to the impact effects or economic consequences of
corporate ESG is one of the important topics [14]. On the one hand, the measurement
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and rating of corporate ESG has its limitations, and there is no unified measurement
standard and scale for ESG research worldwide [14], and there is no consistent view of
the data sources of ESG. The mainstream choices are the KLD database [15,16] and the
Thomson Reuters ASSET4 database [17], while other databases that are more in line with
the institutional context and characteristics of the country are also used in some emerging
countries. Existing research organizations have developed their own ESG evaluation
systems, with different databases and measurement frameworks referenced, while the
institutional data used in each study differ, which could result in skewed outcomes across
different research. On the other hand, there is no uniform view in the academic community
about the economic effects of corporate ESG. Some scholars believe that ESG performance
does not have a positive impact on companies, and even has a negative impact. Firstly, from
the neoclassical economic theory, for enterprises, environmental and social responsibility
have strong externalities, and spending on these two aspects will not bring monetary
benefits but rather increase additional costs, waste enterprise resources, and weaken
enterprise competitiveness [18,19] and enterprise value [20,21]. In addition, stakeholders
may perceive firms as over-investing in ESG performance, which may have a “crowding
out” effect on the firm’s primary business, leading to balance sheet deterioration due to
inefficient firm investment [22]. In addition, So Ra Park (2022) [23] and Liu (2023) [24]
argue that focusing on ESG performance can create a “greenwashing” effect, whereby
firms may seek higher ESG ratings by overstating their investments in environmental
protection and green carbon reduction, which can distort disclosure information. Other
studies, however, suggest that corporate ESG performance can have positive economic
consequences. Fundamentally, ESG performance can enhance stakeholders’ trust and satisfy
external requirements for firms in terms of environmental and social benefits [25]; superior
ESG performance can also enhance firms’ financial performance, promote operational
efficiency, alleviate firms’ financing constraints [26–28], and increase firms’ value [29–31].
For stakeholders and enterprises, ESG performance can effectively alleviate the principal–
agent conflict between internal and external shareholders, increase the degree of corporate
information disclosure, reduce the difficulty of information access for stakeholders, and
allow enterprises to obtain broader and deeper capital support [32] and higher return on
investment [33].

The factors influencing the fulfillment of corporate environmental, social, and gover-
nance (ESG) responsibilities are diverse and have been subject to various interpretations.
For instance, Haozhe Han (2022) suggests that domestic and foreign institutional investors’
investments and holdings can drive improvements in corporate ESG performance [34]. Re-
search by Chebbi et al. (2022) and Eliwa et al. (2023), using Saudi Arabian listed companies
as samples, indicates that the size and independence of the board of directors can enhance
corporate ESG disclosures, with board composition also impacting ESG performance [35,36].
From an external perspective, studies have found that the advancement of green finance
systems reform can significantly improve corporate ESG investment performance [37]. Ad-
ditionally, intensifying environmental regulation and enforcement can enhance corporate
ESG performance [38]. Despite these findings, substantial gaps and unexplored areas still
exist regarding the internal and external drivers of corporate ESG performance.

There is a growing body of research on digital transformation, exploring its impacts
from multiple dimensions, yet without a unified consensus. Some studies suggest that
digital transformation might have adverse effects on companies. For example, digital
transformation can lead to the broader disclosure of negative information about a com-
pany, potentially diminishing external confidence, weakening financial resilience, reducing
investment inflows, and lowering capital diversity [39]. Furthermore, the establishment
of digital platforms could potentially disrupt the functioning of traditional markets [40].
Conversely, other scholars have identified numerous positive effects of digital transforma-
tion. It represents a comprehensive and collaborative shift, integrating new digital tools
with traditional business management models [41,42] and combining information and
communication technologies to enhance a company’s ability to access internal and external
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information [11]. The impact of digital transformation on businesses can be broadly catego-
rized into two aspects: (1) Economic Performance: digital transformation can enhance a
company’s economic performance and promote value growth [43,44]. (2) Non-Economic
Performance: digital transformation also promotes non-economic performance, such as
enhancing corporate social responsibility and improving reputation [45]. Moreover, public
opinion shaped by digital platforms and network technologies can also influence corporate
behavior and strategy [46].

However, research specifically focusing on the impact of digital transformation on
businesses in certain industries remains limited. Further deepening and broadening the
study of digital transformation in businesses is necessary. Several research studies have
been initiated regarding the interplay between digital shift and corporate ESG outcomes.
For instance, Wu and Li (2023) found that the greater the external environmental unpre-
dictability, the more diminished the beneficial effect of digital transition on corporate
ESG performance [47]. Lu et al. (2022) focused on information disclosure and discovered
that the inclusivity of digital finance in digital transformation can enhance corporate ESG
disclosure [48].

In summary, from both theoretical and empirical perspectives, numerous scholars
have examined the macro and micro impacts of corporate digital transformation and ESG
performance. However, there is a notable gap in the literature regarding the influence
of digital transformation on corporate ESG performance, especially a lack of empirical
evidence from key industries like transportation and logistics.

Against this backdrop, this study seeks to explicitly investigate the following research
question: how does digital transformation impact the ESG performance of transportation
and logistics companies in China, and what roles do green innovation and financing
constraints play in this context?

Accordingly, this study selects a sample of 95 A-share listed companies in China’s
transportation industry from 2011 to 2021. It employs a two-way fixed effects model,
moderation effect testing model, and mediation effect testing procedure to investigate the
impact of digitalization on corporate ESG outcomes. Moreover, it delves into the “hidden
mechanisms” of how digital transformation influences corporate ESG achievements, of-
fering a deeper exploration of this relationship. Based on information asymmetry theory
and agency theory, digital transformation and financing constraints have interactive effects,
such as digital transformation can reduce information asymmetry to alleviate financing
constraints [47]. Also, some studies suggest that digital transformation can significantly
promote enterprises’ green innovation capability [48]. This article, based on agency theory,
selects financing constraints as a moderating variable. It also primarily examines the medi-
ating effect of green innovation from the perspectives of resource-based theory, legitimacy
theory, and stakeholder theory.

The novel contributions and incremental advancements of this research are manifested
in the subsequent aspects: (1) There is a lack of discussion in the context of specific
industries in the current existing studies, and this study selects such an important and
distinctive industry as the transport industry, which provides new evidence in the field and
offers policy implications for related practices. (2) This research centers on the association
between digitalization and companies’ ESG metrics, not only verifying its impact but also
expanding it from the perspectives of mechanisms and conditions. The moderating effect
of financing constraints is examined, the complexity of the interaction between the three is
discussed, and the differential impact of the nature of business operations and firm size
is explored. (3) The intermediary function of green practice in the impact of the digital
shift on the ESG efforts of transportation industry companies is explored, and the inner
mechanism of the effect is revealed, trying to open the hidden “black box”, which is a
useful addition the development of related theories.

The structure of the remaining sections of this study is outlined as follows: Section 2
delineates the research hypotheses of this paper; Section 3 details the research methodology,
encompassing the selection of samples, data sources, variable definition, and measure-
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ment, and model setup; Section 4 reports the empirical results and discussion; Section 5
describes the conclusions of the study, policy recommendations, limitations, and future
research directions.

2. Theoretical Analysis and Hypothesis Development
2.1. Digitalization and ESG Outcomes of Enterprises

Digital transformation has become an important trend in the development of today’s
industries. The application of artificial intelligence, big data, blockchain, and other cutting-
edge technologies can significantly improve the operational efficiency, management level,
and competitiveness of enterprises, which holds considerable importance for the endur-
ing advancement of businesses [41,43]. Especially for traditional industries such as the
transport industry, digital transformation can effectively achieve digital empowerment and
promote sustainable and high-quality development of enterprises. Moreover, digital plat-
forms and information-sharing platforms effectively link the information barriers between
stakeholders and enterprises and solve the problem of low information exchange efficiency
in transport enterprises [11]. At the same time, the integration of digital technology and
enterprise production, operation, and management promotes enterprise innovation [10],
which is conducive to the long-term development of traditional enterprises and better
performance of social benefits [43,49]. All of the above provide conditions and guarantees
for the improvement of the ESG performance of enterprises in the transport industry.

First, digital transformation can promote the green development of enterprises. On
the one hand, digital transformation can significantly promote the development of green
technology innovation [48]. The development of green technology can improve the envi-
ronmental performance of enterprises, help enterprises treat the symptoms, and reduce the
cost of pollution control. For example, the use of IoT and sensor technologies can detect
the energy use and pollutant emissions of enterprises in real time [50]. Conversely, digital
techniques amplify the extent of corporate environmental information disclosure. by build-
ing information sharing and management systems [25] so that stakeholders’ requirements
for corporate environmental performance can be efficiently and quickly transmitted to the
enterprise, thus enhancing the degree of corporate environmental protection.

Second, digital transformation provides technical support for the fulfillment of cor-
porate social responsibility. Firstly, drawing from information asymmetry theory and
stakeholder theory, digital technologies are instrumental in reducing information asymme-
try and transaction costs. This leads to increased transparency and enhanced disclosure
of corporate information [51], thereby facilitating more effective oversight and constraint
of enterprises by stakeholders and the external environment. As a result, this fosters a
greater assumption of social responsibilities by corporate management. Secondly, digital
transformation is conducive to strengthening the collaboration of various departments
within the enterprise, improving the efficiency of resource allocation, and enabling the
management to obtain comprehensive information more efficiently to make correct deci-
sions. Consequently, the use of digital technology will swiftly enhance the competitive edge
of businesses, and enterprises will have more focus on the practice and implementation
of social responsibility. Finally, while information barriers are broken down by digital
transformation, the ability of external information mastery of enterprises is also enhanced,
which improves the stability of financial resources and the availability of capital [42,52], and
thus enterprises will have more capital to obtain better social responsibility performance.

Thirdly, digital transformation contributes to the enhancement of enterprise gover-
nance. Based on the principal–agent framework, enterprise digital transformation builds
an internal information management system and information platform, accelerates the flow
of information within the enterprise, makes the executive decision-making information
transparent, and reduces the problem of information asymmetry, thus effectively mitigating
the problem of conflict of interest between the principal and agent, and finally improves
the governance efficiency of the enterprise [53]. In addition, the new generation of digital
technology has solved many of the difficulties of traditional enterprises when it comes to
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internal governance. For example, blockchain technology can be used to ensure that infor-
mation is transparent and difficult to tamper with, greatly enhancing the standardization
and transparency of corporate governance.

In addition, in China, the transport industry is gradually introducing relevant new
energy sources and technologies, and in the future, the transport and energy networks will
be more synergistic and linked, and systematic and sustainable reduction in greenhouse
gas emissions and green development will surely serve as an important direction. As a
result, society is paying more attention to the social benefits and governance level of these
enterprises, and ESG performance is regarded as an important indicator. Digitalization and
intelligence provide more convenient access and technological support for these needs in
the transport industry. In summary, this paper proposes the following hypotheses:

Hypothesis 1 (H1). Digital transformation positively promotes the ESG performance of enterprises
in the transport industry.

2.2. Mechanisms of Corporate Digital Transformation on Corporate ESG Performance
2.2.1. Corporate Digital Transformation, Financing Constraints, and Corporate
ESG Performance

Corporate financing constraints refer to the limitations and difficulties faced by enter-
prises in financing, mainly stemming from the information asymmetry between enterprises
and external financiers. Specifically, external investors do not have full access to private
information such as operating conditions and profitability within the enterprise, resulting
in the enterprise’s financing costs becoming more expensive and a difficult financing envi-
ronment. In contrast, firms with lower information symmetry can often obtain lower-cost
financing support, and severe financing constraints can constrain firms’ investment and
development [54].

Existing literature suggests that firms’ financing constraints can negatively affect
their ESG performance [55]. When a firm’s access to external financing is constrained,
the funds available for its ESG practices are also reduced, making it difficult to improve
ESG performance. In contrast, when firms have access to finance, the funds available
to them for investment increase, which can increase the likelihood that they will make
strategic investments. Specifically, for ESG practices, some scholars have pointed out that
reduced financing constraints can prompt firms to invest more in ESG aspects such as
environmental governance and employee welfare [56]. Reduced financing constraints
mean that firms have more abundant funds to spend on important ESG initiatives. For
example, firms can invest more resources in green technology research and development
and green production, which contributes to sustainable development. In addition, declining
financing constraints increase the likelihood that companies will make charitable donations
and employee training, which promotes greater corporate social responsibility. Adequate
financing can also be allocated toward improving internal controls and governance within
a company, such as the appointment of independent directors. This is beneficial in reducing
the agency costs associated with the enterprise. In summary, reduced financing constraints
create positive incentives for corporate ESG practices, giving them more abundant sources
of funding to improve their performance in environmental protection, social responsibility,
and corporate governance. Specifically for the transport sector, the industry is highly
capital-intensive, and infrastructure development requires substantial financial support.
As a result, financing constraints can more significantly constrain companies’ ESG inputs
and initiatives.

Meanwhile, digital transformation, as an important means to enhance corporate perfor-
mance and sustainable development, has received widespread attention for its contribution
to ESG performance. However, digital transformation also requires a certain amount of
financial support, and financing constraints may constrain firms from undertaking digital
transformation. In contrast, firms with fewer financing constraints have more adequate
funds to implement digitalization.
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Therefore, this study infers that in capital-intensive industries such as transport, firms
with smaller financing constraints are in a better position to carry out digital transformation
and derive positive effects from it in terms of enhancing ESG performance. In contrast,
firms with greater financing constraints have insufficient funds for digital transformation,
which may reduce the ESG-enhancing effect of digitization. Based on the above theoretical
analyses, this study proposes the following hypotheses.

Hypothesis 2 (H2). In the transport industry, financing limitations exert a dampening moderating
influence on the correlation between digital transition and companies’ ESG outcomes.

2.2.2. Enterprise Digital Transformation, Green Innovation, and Corporate
ESG Performance

First, enterprise digital transformation can promote enterprise green innovation
progress. Digital transformation improves the capital availability of enterprises by breaking
down information barriers and reducing information asymmetry [42,51]. At the same time,
information dissemination and digital management frameworks significantly bolster intra-
enterprise collaborative capabilities and enhance the efficiency of resource distribution
within the organization. This, in turn, offers financial stability for businesses to augment
investment in green technique development, thereby fostering the advancement of green
technologies more effectively. Additionally, as per the theory of principal–agent relation-
ships, digital transformation alleviates the conflict between stakeholders and enterprises
and allows corporate executives to be supervised by external and stakeholder supervision
to better fulfill the requirements of stakeholders on the environmental performance of the
enterprise and the development of green innovation technology [48].

Secondly, the rapid development of the transport industry has put pressure on the
environment and society, and it is imperative to achieve green and sustainable development
in this industry. Meanwhile, digital transformation has become an important means to
support the transformation and upgrading of traditional industries. By building intelligent
IoT systems and applying big data analysis, digitalization can help transport enterprises
achieve more accurate and optimized operations, reduce resource consumption and emis-
sions, and promote green development [57]. In addition, the innovative application of
digital technology can also inspire businesses to undertake research and development in
green technology and develop more environmentally friendly transport tools or systems.
By applying technologies such as digital twins and predictive analyses, enterprises can
better design green products. Some scholars have pointed out that digital transformation
significantly promotes green innovation investment and the performance of transport
enterprises [58]. Therefore, digital transformation is also a very important way and means
to develop green innovation technology in the transport industry.

Finally, green innovation can promote corporate ESG performance. Firstly, the contin-
uous enhancement of a company’s green innovation capabilities implies an improvement
in its green production capacity. According to the Resource-Based View, this leads to com-
petitive differentiation for the company, thereby achieving cost reduction and efficiency im-
provement in its green operations, as well as an enhancement in financial performance [59].
This is conducive to the company’s better fulfillment of its environmental responsibil-
ities. Second, an enterprise’s outstanding green innovation capability can serve as the
enterprise’s “green business card”, which can gain more stakeholder trust, improve the
enterprise’s reputation [60], and thus obtain more investment to achieve better enterprise
ESG performance. In conclusion, this study infers that digital transformation can promote
green innovation practices in transport companies and enhance corporate ESG performance
on this basis. Hence, this research puts forward the subsequent hypotheses.

Hypothesis 3 (H3). In the transport industry, corporate digital transformation can contribute to
corporate ESG practice by driving business eco-innovation.

We constructed hypotheses as a theoretical framework model, as shown in Figure 1.
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3. Methodology
3.1. Sample and Data

This paper selects companies in the transport industry listed on China’s A-share
market from 2011 to 2021 as the research object. The industry classification standard is
the Guidelines for Industry Classification of Listed Companies, and the transport industry
includes railway transport, road transport, water transport, air transport, loading and
unloading and transport agencies, warehousing, and postal industries. The sample selected
for this study encompasses all the aforementioned sub-sectors, ensuring a comprehensive
and diverse representation that facilitates a holistic view of the ESG levels and digital
transformation impacts in the entire transportation industry. The rationale for choosing this
specific sample and timeframe is threefold. Firstly, this period marks a rapid phase of digital
transformation and ESG development in China’s transportation and logistics industry,
representing a critical juncture. Additionally, considering data availability, this decade
offers an abundance of relevant data for research, providing direct and scientific evidence
for the study. Secondly, the target industry of this paper, namely, the transportation sector,
as a crucial driver of China’s economy, faces unique challenges and opportunities in digital
transformation and ESG integration and is also at the forefront of adopting technological
and regulatory changes. Furthermore, focusing on A-share listed companies ensures that
the sample comprises firms subject to rigorous reporting standards and investor scrutiny,
thereby providing reliable and detailed data for analysis.

The data in this paper come from the WIND database CSMAR database, in which
the ESG performance data of enterprises come from the Huazheng ESG rating system,
and the digital transformation data of enterprises are obtained through text analysis and
word frequency statistics of listed companies’ annual reports, which come from the official
websites of the Shenzhen Stock Exchange (SZSE) and the Shanghai Stock Exchange (SSE).

To ensure the accuracy of the research results, the sample data were processed as
follows: (1) The sample enterprises of ST and *ST categories in the current year were
excluded. This is because these enterprises have certain financial problems or other
abnormalities in the current year, which may lead to inaccurate research conclusions.
(2) Sample enterprises with serious missing relevant data were excluded. (3) Finally,
this study contains 726 sample observations of transport enterprises, totaling 95 listed
enterprises in the transport industry. The data processing software used was Stata16.0.

3.2. Variable Definition
3.2.1. Explained Variables

The explanatory variable of this paper is corporate ESG performance. Referring to
Shan Wu et al. (2023) [47], Deli Wang et al. (2022) [61], and Hu Jie et al. (2023) [62], the
Huazheng ESG rating data are used as a proxy variable for corporate ESG performance.
Among them, the Huazheng ESG ratings are divided into 9 levels (from low to high as C,
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CC, CCC, B, BB, BBB, A, AA, and AAA), and the ratings are conducted four times a year.
Thus, their rating results have certain scientific validity and effectiveness. Further, this
paper assigns a score of 1–9 to the ratings from low to high, with higher values indicating
higher ESG performance, and uses the average of the ratings for each year as the ESG
performance of the enterprise for that year. In addition, this paper further selects the ESG
performance score data provided by Bloomberg Consulting as the alternative explanatory
variables to ensure the robustness of this paper’s conclusions.

3.2.2. Core Explanatory Variables

The core explanatory variable of this paper is enterprise digital transformation. The
method of measuring enterprise digital transformation is difficult in current research; this
paper mainly refers to the method of Wu Fei et al. (2021) [42], which adopts the method of
text analysis and word frequency statistics to construct enterprise digital transformation
indicators and quantifies digitalization level through the frequency of digital-related terms
present in the annual reports of businesses.

3.2.3. Moderating Variables

Financing constraints are the moderating variables in this paper. There are many in-
dexes to measure financing constraints, among which the SA index reduces the interference
of the endogeneity problem to some extent and considers the financial characteristics of
enterprises. Therefore, this paper selects the SA index as the proxy variable for financing
constraints. The formula for measuring the SA index is as follows:

SA = −0.737Size + 0.043Size2 − 0.04Age (1)

In Equation (1), Size is the natural logarithm of the total assets of the enterprise in
millions, and Age indicates the age of the enterprise. The SA index calculated according to
the formula is negative, and its absolute value is used in the paper as a measure of financing
constraints, with larger absolute values indicating greater financing constraints.

3.2.4. Mediating Variable

The mediating variable in this paper is green innovation. It is measured in this paper
as the total count of green invention patents applied for and awarded to firms.

3.2.5. Control Variables

We referenced Hu Jie et al. (2023) [62] and Shan Wu et al. (2023) [47] to select relevant
control variables as follows: company scale (size), duration of company establishment
(age), rate of revenue increase (growth), debt-to-equity ratio (lev), ratio of non-executive
directors (indep), two positions in one (dual), shareholding concentration (top1), board size
(board), year (Year) and individual (Firm) fixed effects.

Control variables are intended to account for other factors that might influence a com-
pany’s ESG performance, thereby enabling a more accurate estimation of the relationship
between digital transformation and ESG outcomes. Specifically, this paper selects variables
related to corporate characteristics for control. Their impact on a company’s ESG level
may be attributed to the following reasons: 1. Size: larger companies may have more
resources to achieve ESG objectives. 2. Age: older companies might possess more mature
management systems, which could affect their ESG performance. 3. Growth: rapidly
growing companies are likely to face greater environmental and social responsibility pres-
sures. 4. Lev: higher levels of debt may limit a company’s ability to invest in the ESG
arena. 5. Indep: independent directors might be more capable of objectively assessing
a company’s ESG performance. 6. Dual: this governance structure could influence the
company’s decision-making process and ESG strategies. 7. Top1L: high concentration of
ownership might reduce attention to ESG issues. 8. Board: larger boards could provide a
diversity of perspectives but may also lower decision-making efficiency.

The above-mentioned main variables are defined in Table 1.
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Table 1. Definition and measurement of variables.

Symbol Variable Measurement

ESG ESG performance Based on the Huazheng ESG rating scale, the scores range from 1 to 9,
ascending from low to high

Digital Digital transformation Natural log of the total occurrences of digitization-related terms
within a corporate annual report, increased by one

FC Financing constraints SA index

Green Green innovation Natural log of the count of green invention patents, increased by one

Size Size of enterprise Natural logarithm of the total assets of the enterprise

Age Age of enterprise Natural logarithm of the year minus listing year plus one

Growth Increase rate of business revenue (current period operating income − previous period operating
income)/previous period operating income

Lev Asset-liability ratio Total business liabilities/total assets

Indep Percentage of independent directors Ratio of independent directors to the total board membership

Dual Two jobs in one Assigned 1 if the Chairman also serves as the Managing Director, and
0 in all other cases

Top1 Percentage of shareholding of the
largest shareholder

Number of shares held by the largest shareholder as a percentage of
the total number of shares in the enterprise

Board Board size Natural logarithm of the number of board members

3.2.6. Descriptive Statistics

Table 2 reports the results of the descriptive statistics of the variables. The minimum
value of the explanatory variable corporate ESG performance is 3, the maximum value is
8, and the mean value is 6.850, suggesting that the majority of companies in the sample
exhibit medium to high ESG practice levels, but there are still some differences between
firms within the transport industry. The core explanatory variable, Digital Transformation
(Digital), ranges from a minimum of 0 to a maximum of 5.638, with an average of 2.552 and a
standard deviation of 1.131. This range suggests that, while some enterprises in the sample
exhibit low digital development, there is significant variation in digital maturity levels
across companies, with certain businesses maintaining minimal digitalization or not having
embarked on digital transformation at all. The minimum value of financing constraints is
2.902, the maximum value is 4.617, the mean is 3.785, and the standard deviation is 0.302,
indicating that most of the enterprises face the existence of financing constraints because
the differences in the degree of fluctuation are not large. The minimum value of green
innovation is 0, the maximum value is 2.639, and the mean value is 0.126, which shows
that the overall level of green innovation of enterprises in the transport industry is still low.

Table 2. Descriptive statistics of variables.

Variable N Mean SD Min Max

ESG 726 6.850 1.126 3.000 8.000
Digital 726 2.552 1.131 0.000 5.638

FC 726 3.785 0.302 2.902 4.617
Green 726 0.126 0.389 0.000 2.639
Size 726 23.146 1.374 20.249 26.367
Age 726 2.648 0.570 1.099 3.367

Growth 726 0.132 0.466 −0.652 3.116
Lev 726 0.440 0.182 0.063 0.864

Indep 726 0.364 0.056 0.250 0.556
Dual 726 0.107 0.310 0.000 1.000
Top1 726 42.482 13.780 14.560 75.460
Board 726 2.408 0.209 1.946 2.996
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3.3. Model Setting

The primary methodology employed in this article is the two-way fixed effects model,
providing a stable framework for analyzing the dynamics of digital transformation in
the transportation industry and its impact on corporate ESG practices. This approach is
advantageous for several reasons. First, it is well-suited for handling panel data, which
comprises the sample data used in this study. The model facilitates the analysis of both cross-
sectional and time series variations. Second, the model effectively controls for unobserved
heterogeneity, which may be constant over time but vary across different entities. It
accounts for the time-invariant characteristics of individual entities as well as overall trends
over time, thus isolating the specific impacts of digital transformation on ESG performance.
Third, the model helps mitigate endogeneity issues, such as omitted variable bias, which
is crucial for accurately estimating the effects of digital transformation. Additionally, the
moderation effect model and mediation effect testing procedure are utilized to explore the
roles of financing constraints and green innovation capability in the relationship between
digital development and corporate ESG outcomes.

Specifically, Model (2) validates the effect of digitalization on enterprise ESG outcomes.
Model (3) incorporates the interaction variable between digital transition and financing
limitations, along with the financing constraints themselves, and the coefficients of the
interaction term can be used to analyze the moderating effect of financing constraints.
Models (4) and (5) use the “two-step method” to examine the intermediary function of
environmental innovation.

ESGit = β0 + β1Digitalit + βControlsit + ΣFirm + ΣYear + εit (2)

ESGit = β0 + β1Digitalit + β2Digitalit × FCit + β3FCit + βControlsit + ΣFirm + ΣYear + εit (3)

Greenit = β0 + β1Digitalit + βControlsit + ΣFirm + ΣYear + εit (4)

ESGit = β0 + β1Digitalit + β2Greenit + βControlsit + ΣFirm + ΣYear + εit (5)

where i denotes the firm, t denotes the year, the explanatory variable is the firm’s ESG per-
formance (ESG), the core explanatory variable is the firm’s digital transformation (Digital),
Controls is the aforementioned control variable, the mediating variable is green innovation
(Green), the moderating variable is the financing constraints (FC), and the moderating effect
is tested using the interaction term Digitalit × FCit. ΣFirm and ΣYear are the individual
fixed effect and the time fixed effect, respectively, and εit is the random error term.

4. Results and Discussion
4.1. Statistical Modeling

Table 3 presents the findings. The initial column reveals a significant and positive corre-
lation between digital shift and firms’ ESG outcomes at the 5% significance level, indicated
by a coefficient of 0.072. This suggests that an increase in the degree of digital transforma-
tion of firms in the transport industry has a facilitating effect on firms’ ESG performance,
validating research hypothesis H1. Column (2) of Table 3 examines the moderating effect
of financing constraints. At the 10% significance level, the interplay between financing
constraints and digitalization demonstrates a notably negative effect (with an absolute
coefficient value of 0.138), validating that financing constraints negatively moderate the
positive link between digital transition and ESG level. Specifically, as transport enterprises
face increased constraints, the beneficial impact of their digital transformation on ESG
performance diminishes, thereby corroborating the validity of hypothesis H2. The final
pair of columns in Table 3 examine the intermediary function of eco-innovation. Column (3)
indicates a significant and positive correlation between firms’ digital transition and green
technique progress at a 1% significance level (with a coefficient of 0.052), whereas column (4)
reveals that when considering both digitalization and environmental technologies, they
each positively influence firms’ ESG practice level at the 5% and 10% significance levels,
respectively (with coefficients of 0.066 and 0.112). To summarize, within the transport
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sector, digitalization development fosters the advancement of corporate green techniques,
which consequently bolster the corporate ESG level. This suggests that green technology
progress acts as an intermediary between digital shift and ESG outcomes. Consequently,
research hypothesis H3 is likewise confirmed.

Table 3. Regression analysis.

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

ESG ESG Green ESG

Digital 0.072 **
(2.462)

0.596 **
(2.159)

0.052 ***
(2.628)

0.066 **
(2.255)

FC - −0.763
(−1.596) - -

Digital × FC - −0.138 *
(−1.910) - -

Green - - - 0.112 *
(1.878)

Size 0.445 ***
(7.042)

0.465 ***
(7.399)

0.094 **
(2.208)

0.434 ***
(6.862)

Age −0.251 **
(−2.018)

−0.210
(−1.638)

−0.229 ***
(−2.715)

−0.225 *
(−1.805)

Growth −0.060 *
(−1.730)

−0.066 *
(−1.912)

0.054 **
(2.300)

−0.066 *
(−1.900)

Lev −0.280
(−1.418)

−0.394 **
(−1.985)

0.067
(0.498)

−0.288
(−1.458)

Indep 0.311
(0.966)

0.197
(0.614)

0.555 **
(2.542)

0.249
(0.771)

Dual −0.131 *
(−1.852)

−0.142 **
(−2.022)

0.085 *
(1.777)

−0.141 **
(−1.986)

Top1 −0.005
(−1.354)

−0.138 *
(−1.910)

−0.007 ***
(−2.823)

−0.004
(−1.135)

Board −0.017
(−0.155)

0.018
(0.164)

−0.143 *
(−1.952)

−0.001
(−0.007)

_cons −2.660 *
(−1.868)

−0.539
(−0.250)

−1.370
(−1.419)

−2.507 *
(−1.761)

Year & Firm Yes Yes Yes Yes

N 726 726 726 726
R_square 0.118 0.137 0.175 0.123

Note: t statistics in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01.

4.2. Robustness Test
4.2.1. Replacement of Explanatory Variables

The robustness test was conducted using benchmark regression. In the baseline
regression, this study utilizes the Huazheng ESG rating’s segmentation scale, ranging from
1 to 9, as a proxy measure for corporate ESG performance. In order to verify the robustness
of the core findings, this study substitutes the Huazheng corporate ESG performance data
(ESG) used in the baseline model with the evaluation scores of corporate ESG performance
data (PESG) provided by Bloomberg Consulting. Bloomberg’s corporate ESG data are
scored on a 0–100 scale and brought into the model for regression analysis after logarithmic
processing. Table 4, column (1), displays the outcome that digital shifts within transport
companies continue to make a significant contribution to corporate ESG performance at a
5% significance level, with a coefficient of 1.079. This proves that the conclusion of research
hypothesis H1 remains robust and credible.
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Table 4. Substitution of explanatory variables and endogeneity tests.

Variables
(1) (2)

PESG ESG

Digital 1.079 ** -
(2.545)

L.Digital - 0.044 *
(1.674)

Size
2.195 0.387 ***

(1.430) (5.676)

Age −1.157 −0.192
(−0.518) (−1.305)

Growth
0.837 −0.056 *

(1.349) (−1.671)

Lev
−3.136 −0.206

(−0.963) (−1.074)

Indep 9.392 ** 0.035
(2.256) (0.117)

Dual
1.677 * −0.102
(1.732) (−1.564)

Top1 −0.129 ** 0.002
(−2.229) (0.490)

Board
1.570 0.009

(1.075) (0.088)

_cons −29.014 −1.494
(−0.827) (−0.977)

Year & Firm Yes Yes

N 433 578
R_square 0.714 0.100

Note: t statistics in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01.

4.2.2. Endogeneity Test

The empirical testing process of this paper may be endogenous due to mutual causa-
tion, i.e., the digital transformation of enterprises in the transport industry affects the ESG
performance of enterprises, and at the same time, enterprises with better ESG performance
will be more inclined to carry out digital transformation.

In addition, because there is a certain time lag in the promotion effect of digital
transformation on firms’ ESG performance, this paper introduces the lagged-one period
(L.Digital) of the core explanatory variable of firms’ digital transformation (Digital) into
the model for the regression to complete the endogeneity test. Column (2) of Table 4
demonstrates the regression results; the variable of the lagged one period of firms’ digital
transformation is positive (coefficient of 0.044) at the 10% significance level, which verifies
that the paper’s core findings are documented to be credible.

4.2.3. Winsorize

Although this paper is only conducted within the transport industry and the sample
data size is not large, the findings may still be affected by outliers. Therefore, in this
paper, the explanatory variables (Digital), the explained variables (ESG), and all the control
variables are Winsorized at 1% and 99% of the quartiles, and then the treated variables are
replaced with the original variables for the benchmark regression analysis. The regression
results are shown in column (1) of Table 5. After the Winsorize process, the digital transfor-
mation of enterprises still has a significant positive contribution to the ESG of enterprises at
the 5% level, the coefficient of 0.071 is very similar to the coefficient of 0.072 in the original
model, and the significance levels and coefficients of the rest of the control variables are
also very similar to those in the original model, which proves the conclusion to be robust
and reliable.
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Table 5. Robustness tests.

Variables
(1)

ESG_w

Digital_w 0.071 **
(2.458)

Size_w
0.450 ***
(7.259)

Age_w −0.243 **
(−1.992)

Growth_w
−0.059 *
(−1.680)

Lev_w
−0.307

(−1.579)

Indep_w 0.354
(1.118)

Dual_w
−0.113

(−1.626)

Top1_w −0.004
(−1.192)

Board_w
−0.019

(−0.182)

_cons −2.837 **
(−2.027)

Year & Firm Yes

N 726
R_square 0.121

Note: t statistics in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01.

4.3. Heterogeneity Test

Different-sized transportation enterprises exhibit variability in how digital transition
enhances their corporate ESG outcomes. Firstly, large companies have abundant financial
strength and are better equipped to bear the high input costs required for digital transforma-
tion. If companies do not have sufficient reserve resources, they cannot fully release digital
dividends and thus obtain the positive effect of enhancing ESG performance. Secondly, the
decision-making and operation chains of large transport companies are more complex, and
digital transformation can open up information barriers and help coordinate various de-
partments to improve ESG levels. On the contrary, SMEs’ digital transformation often faces
difficulties such as insufficient management teams, which limits the role of digitalization
in promoting ESG. Based on the theory of economies of scale, this study argues that large
transport companies are able to take advantage of the synergies of digitization, have the
competitive advantage of economies of scale, and obtain greater ESG enhancement. There-
fore, this paper argues that in the transport industry, the positive effect of digitalization on
firms’ ESG practice is more pronounced for larger transportation enterprises. To examine
this hypothesis, the samples were categorized based on the median size of the enterprises,
followed by separate regression analyses for each group.

Columns (1) and (2) of Table 6 report the regression results. Column (1) demonstrates
that in large transport firms, the association between companies’ digitalization level and
their ESG achievements stands at 0.111, which is a significant positive correlation at the
1% significance level, whereas Column (2) shows that there is no significant correlation
between firms’ digital transformation and firms’ ESG performance when firms’ size is small.
Therefore, digital transformation has a better contribution to corporate ESG performance in
large transport companies.
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Table 6. Heterogeneity test.

Variables

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

Large-Size Small-Size State-Owned Non-State-Owned

ESG ESG ESG ESG

Digital 0.111 *** 0.030 0.083 *** 0.040
(2.749) (0.669) (2.671) (0.374)

Size
0.377 ** 0.469 *** 0.399 *** 0.594 **
(2.451) (6.177) (5.261) (2.210)

Age −0.198 −0.196 −0.157 −0.456
(−0.938) (−1.166) (−1.047) (−1.472)

Growth
−0.022 −0.089 * −0.068 * −0.038

(−0.441) (−1.684) (−1.747) (−0.372)

Lev
−0.134 −0.399 −0.310 0.137

(−0.405) (−1.431) (−1.446) (0.228)

Indep 0.408 0.235 0.367 −0.460
(0.966) (0.436) (1.056) (−0.470)

Dual
−0.206 * −0.112 −0.199 ** 0.118
(−1.940) (−1.128) (−2.471) (0.658)

Top1 −0.014 ** −0.001 −0.005 −0.002
(−2.467) (−0.202) (−1.291) (−0.180)

Board
0.099 −0.141 −0.005 0.025

(0.682) (−0.863) (−0.046) (0.068)

_cons −1.359 −2.957 * −1.825 −5.673
(−0.382) (−1.782) (−1.057) (−0.940)

Year & Firm Yes Yes Yes Yes

N 360 366 592 134
R_square 0.149 0.159 0.116 0.209

Note: t statistics in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01.

Additionally, past research indicates that the nature of a company’s ownership can
impact its digital transformation process. Wu et al. (2021) [42] suggest that state-owned
enterprises (SOEs), facing less competitive pressure in the market and lacking innovation
incentives, tend to have weaker engagement with digital technologies, which hinders their
digital transformation. However, some scholars argue that the effect of digital transforma-
tion on enhancing the ESG performance of SOEs is more pronounced. On the one hand,
SOEs, with ample resources, are well-positioned to develop digital technologies and have
stronger capabilities in implementing ESG practices [62]. On the other hand, SOEs often
take on more social responsibilities and are more inclined to endorse and implement digital
policies [55]. In summary, the nature of property rights is a significant yet unsettled factor
in determining impact. Studying its influence in the transportation industry can help in
tailoring appropriate policies to achieve desired objectives.

To examine if ownership type in transport sector firms influences the impact of the
digital shift on their ESG ratings, this study performs sub-sample regressions for both
state-owned and non-state-owned enterprises, and the results of the regression are shown
in Table 6, Column (3) and Column (4). Column (3) demonstrates that at the 1% level, in
state-owned enterprises, corporate digital transformation has a significant contribution
to corporate ESG. Column (4) reveals that within non-state-owned companies, the link
between corporate digitalization and ESG practice is not statistically significant. A plau-
sible explanation for this is that SOEs, owing to their inherent ties with the government,
are more apt to receive governmental financial backing. They encounter comparatively
milder external financing restrictions and experience reduced financing expenses than non-
SOEs. Moreover, in China, SOEs need to take on more social responsibility, and transport
companies need to carry out low-carbon reforms to protect the environment and achieve
sustainable development in accordance with the national call. In addition, SOEs receive
more technical support and assistance from the government for digital transformation than
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non-SOEs. Therefore, in the transport industry, the digital transformation of enterprises
shows a better contribution to the ESG performance of SOEs.

4.4. Discussion

Currently, the transportation and logistics sector is experiencing a rapid evolution
toward digitalization, greening, and decarbonization. However, there is a notable gap in
the literature regarding the relationship between ESG achievements and the level of digital-
ization in the transportation industry. Our study provides empirical evidence addressing
this gap, indicating that the digital transformation of enterprises positively contributes
to the enhancement of ESG practices in the transportation sector. This paper utilizes a
two-way fixed effects model to analyze panel data from 95 transportation companies listed
on China’s A-share market. Additionally, we endeavor to reveal the mediating role of green
technology innovation in this relationship and examine how different levels of financing
constraints might influence these outcomes. Our primary findings and discussions are
as follows.

Firstly, the results of our empirical analysis indicate that enhancing digital transfor-
mation capabilities in a transportation company is conducive to improving its ESG perfor-
mance. This conclusion aligns with mainstream academic perspectives [47–49,55,56,62].
This may be attributed to several factors. Initially, digital transformation drives green
development through innovative technologies like the IoT and big data, enhancing en-
vironmental performance and reducing pollution management costs. Secondly, in line
with agency and information asymmetry theories, digitalization supports corporate social
responsibility by increasing transparency and reducing information asymmetries, thus
facilitating more effective management and stakeholder engagement. Lastly, digitalization
enhances corporate governance through the integration of advanced technologies such as
blockchain, ensuring information transparency and mitigating internal conflicts of interest.
Our empirical findings corroborate that in the transportation industry, the advancement of
digital transformation similarly elevates the level of ESG outcomes.

Secondly, our research findings further demonstrate that in transportation companies
with lesser financing constraints, the impact of digital transformation on enhancing ESG
practices is more pronounced. This observation aligns with the studies of several schol-
ars [55,61] yet contrasts with the perspective of Lu et al. (2022) [48], who argue that digital
transformation in companies with greater financing constraints more effectively promotes
the fulfillment of ESG responsibilities. This discrepancy might be attributed to the cautious
investment decisions in financially constrained companies, where digital transformation
optimizes resource allocation and enhances transparency, reducing improper management
practices. Consequently, this aids in optimizing the environmental, social responsibility,
and governance structure of enterprises, meeting the market and investors’ demands for
high ESG standards. However, from the viewpoint of agency theory, our study posits that
transportation companies with fewer financing constraints possess more abundant funds
to support digital transformation, technological innovation, and infrastructure upgrades,
thereby better achieving environmental efficiency and refined operational management.
Digital transformation enhances internal control mechanisms through more accurate and
transparent data management, optimizing corporate governance structures, and reduc-
ing agency costs. This perspective is corroborated by the empirical research conducted
in our study. Therefore, we contend that in the context of higher capital accessibility,
digital transformation in transportation enterprises robustly drives the improvement in
ESG performance.

Thirdly, our study identifies a significant mediating role of green technology innova-
tion in the relationship between digital transformation and ESG levels in transportation
companies. This finding is in line with the research of Wu et al. (2023) and Hu et al.
(2023) [47,62]. On the one hand, digital transformation dissolves information barriers and
mitigates information asymmetry, providing ample funding for companies to engage in
green technological innovation. Digital platforms also facilitate closer communication
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between corporate management and stakeholders, hastening the fulfillment of external
demands for greening [48]. On the other hand, ecological technology innovation creates
favorable conditions for transportation companies to fulfill their ESG responsibilities. Ac-
cording to resource-based theory, green process innovation grants companies a competitive
edge; environmentally friendly transportation services become more popular in the market,
enhancing corporate financial performance [59]. Furthermore, from the perspectives of
legitimacy theory and stakeholder theory, enhancing green practices helps companies gain
public trust, improve relations with stakeholders, and access more external resources [63].
Additionally, scholars examining the ecological footprint in South Asia have empirically
validated that technological innovation can promote sustainable development [64]. There-
fore, we encourage transportation companies to focus on green product innovation in their
digital transformation endeavors, as it can significantly elevate ESG outcomes.

5. Conclusions and Implications
5.1. Research Conclusions

Using a sample of A-share listed companies in the transport industry from 2011 to
2021, this paper empirically examines the impact of digital transformation on corporate ESG
performance and the mediating mechanism, as well as the differences in this impact across
firms of different sizes and ownership types. The research initially identifies that digitaliza-
tion development significantly influences corporate ESG practice in the transport sector,
and this observation maintains its robustness following various endogeneity treatments
and robustness assessments. Secondly, this study observes that financing constraints can
influence the positive impact of digital transition on corporate ESG ratings. Specifically, this
positive effect is diminished when transport firms face heightened financing constraints.
Thirdly, regarding the mechanism of action, the digital transformation of transportation
companies aids in elevating their green innovation level, which in turn boosts their ESG
performance via the critical pathway of green innovation. This implies that the progress
of green techniques acts as an intermediary in the relationship between digitalization
development and ESG outcomes within transportation companies. Fourthly, additional
analysis reveals that the impact of digital transition on ESG ratings significantly differs
among various types of firms. Notably, its contribution to corporate ESG outcomes is more
substantial in larger transportation companies and state-owned transport enterprises.

Moreover, compared to non-state-owned enterprises, the facilitating effect of digital
transformation is more pronounced in state-owned transportation companies. This study
enriches the understanding of the impact relationship between corporate digital transfor-
mation and ESG ratings in the transportation sector. It offers exploratory research into the
pathways through which digital transformation affects the ESG level, providing empirical
insights for the transportation industry to further deepen its digital transformation and
implement ESG practices effectively.

5.2. Policy Recommendations

This study highlights the important role of digital transformation in improving envi-
ronmental, social, and corporate governance (ESG) performance in the transport industry.
It highlights the need for government-supportive policies and industry practices that fa-
vor this transformation. Drawing from these results, the following recommendations are
proposed in this paper.

5.2.1. Policy Recommendations for Governments

First, governments need to facilitate digital transformation. This can include tax incen-
tives, subsidies, or funding for technologies that directly address the unique operational
challenges of this sector [47], such as real-time tracking systems, advanced logistics manage-
ment software, and environmentally friendly transportation technologies. These incentives
should aim to foster an ecosystem where transportation enterprises are motivated to adopt
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digital solutions that enhance efficiency, reduce environmental impact, and improve supply
chain management.

Second, the government needs to help enterprises ease financing constraints and
promote green innovation. This can involve offering low-interest loans, guarantees, or
other financial aid for investments in digital technologies that contribute to eco-friendly
transportation solutions, like electric vehicle fleets, energy-efficient logistics operations, and
emission-reduction technologies. Additionally, public sector support for research and de-
velopment should be directed toward innovations that advance sustainable transportation
practices [62].

Third, governments should develop differentiated policies. The positive impact of
digital transformation can be maximized by developing targeted policies for enterprises
of different sizes and natures (SOEs and private enterprises). For SOEs, special funds
could be allocated to support digital innovation and R&D projects that enhance public
transportation systems, improve freight logistics, and promote sustainable urban mobility
solutions. Training in digital technologies should be provided to ensure employees are
equipped to implement these initiatives [55]. For private enterprises, especially SMEs, the
focus should be on alleviating financing challenges through guarantees or low-interest
loans, particularly aimed at digital improvements that increase operational efficiency and
reduce the environmental footprint in transportation and logistics services.

5.2.2. Recommendations for Transport Enterprises

First, business managers should increase their investment in digitalization and pay
attention to ESG performance. Business managers in the transportation sector should
prioritize investments in digital technologies that directly enhance the efficiency of transport
and logistics operations. This includes advanced fleet management systems, GPS tracking,
and automation technologies that streamline logistics processes [48,61].

Second, managers need to focus on innovation-driven strategies and seize various
financing opportunities. It is recommended to work on digitally driven green innova-
tions, such as the adoption of clean energy and energy-efficient technologies. Actively
seeking financing opportunities from governments and financial institutions should be
geared specifically toward supporting these transportation-focused digital transformation
programs, such as subsidies for electric vehicle adoption or grants for developing green
logistics infrastructure.

Finally, business managers should consider the size of the enterprise and the nature
of ownership. Large transport enterprises and state-owned enterprises should leverage
their scale and resources to lead digital transformation. They should focus on large-scale
initiatives like modernizing public transportation systems, investing in smart infrastructure,
or developing integrated logistics platforms. In addition, small- and medium-sized trans-
port enterprises should seek partnerships and government support to overcome resource
constraints. They should focus on niche areas like specialized logistics services or regional
transportation solutions. They should also be cautious about investing too much money to
avoid major losses caused by blind digitalization investments.

5.3. Research Limitations and Future Research

This study also has some limitations. Firstly, the multifaceted factors influencing
corporate ESG performance. The fulfillment of ESG responsibilities by companies is affected
by various elements, including the behavior of institutional investors, board structure,
management shareholding, external regulation, and enforcement. Due to the specific
industry focus and data availability in our sample, these variables were not considered
in the empirical study, and their complexity could lead to endogeneity issues. Secondly,
the multidimensional effects of digital transformation. The academic community has not
yet reached a consensus on the impacts of digital transformation. Some studies indicate
potential adverse effects, such as the amplification of negative corporate information
disclosure, while others find positive impacts. These divergent viewpoints could affect
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the interpretation of our findings. Lastly, although this research explores the relationship
between digital transformation and corporate ESG performance, the investigation into
the inherent mechanisms of this relationship is not yet thorough. For instance, while
some studies have demonstrated that information transparency and decision-making
efficiency are mediating pathways [62], whether these conclusions remain consistent in the
transportation industry is still unknown.

Future research should delve into the impact of broader socio-economic factors and
internal corporate factors on the ESG level of companies in the transportation industry. A
deeper understanding of how these elements interact could offer more nuanced insights
into ESG outcomes within the transport sector. Additionally, there exists an opportunity
to explore how various facets of digital transformation, including emerging technologies
like artificial intelligence and blockchain, uniquely influence ESG practice across different
industry contexts. Furthermore, comparative studies across industries could elucidate how
specific characteristics of certain sectors, such as transportation, affect the interplay between
digital transformation and ESG performance. These avenues of research could provide
a more detailed and comprehensive perspective on the complex relationships between
digitalization, socio-economic factors, and corporate sustainability practices.
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