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Abstract. Based on data from Chinese A-share listed firms on the Shanghai and
Shenzhen Stock Exchanges from 2005 to 2022, this study applies text analysis
and the coupling synergy model to measure the synergy level of corporate digital
and green transformation, and examines its impacts on firm’s financial and envi-
ronmental performance. Results show that digital-green synergistic transfor-
mation significantly promotes both types of performance through the mediating
role of corporate reputation, and this positive effect is strengthened by higher
regional marketization. Heterogeneity tests indicate that state-owned enterprises
benefit more in financial performance while non-state-owned enterprises im-
prove more in environmental performance. Digital-green synergy benefits small
firms more in profitability and environmental performance, but only significantly
enhances large firms’ market valuation. Regarding life cycle, declining firms
gain higher short-term returns, whereas growth and mature firms achieve greater
market value; mature firms also show significant improvement in environmental
performance. This study possesses theoretical worth and practical importance for
establishing a modern industrial system and attaining the "carbon peaking and
carbon neutrality" objective.

Keywords: Digitalization; Greening; Synergistic transformation; Enterprise
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1 Introduction

Facing the challenges posed by digitalization and the green transition, a growing num-
ber of countries are adopting synergistic strategies as a pivotal approach. In response to
the dual-carbon goals, China has incorporated the synergistic transformation of digital-
ization and greening into its 14th Five-Year Plan, explicitly proposing a two-way pen-
etration path of "practicing the green-oriented transformation in the digital industry”
and "digitally upgrading the environmental industry".

As an important economic entity in the macroeconomy, the business operations of
enterprises are closely related to macroeconomic fluctuations. Utilizing government
policies effectively is also an inevitable choice for enterprises to promote their own
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economic development!'. A new paradigm for enterprise development has emerged
from the synergy of digital and green transformation. However, research on either dig-
ital or green transformation in isolation is abundant, the collaborative mechanisms aris-
ing from their interaction remain theoretically limited.

This paper focuses on the impact of the digital-green synergy on enterprise perfor-
mance, exploring how companies can leverage this cooperative effect to achieve en-
hanced outcomes. Enterprise performance can be divided into financial performance
and environmental performance. To maintain and enhance an enterprise’s competitive
edge, a win-win situation between financial and environmental performance should be
achieved!!. It is recognized that the deep integration of digitalization and green transi-
tion can achieve a synergistic effect of “1+1>2". Specifically, green technologies can
mitigate the environmental impacts of digital technologies!®], while digital technologies
can facilitate the green transition by optimizing systems and raising consumer environ-
mental awareness*>,

Against this backdrop, this study draws on data from A-share listed companies on
the Shanghai and Shenzhen stock exchanges from 2005 to 2022 to construct an empir-
ical analytical framework. Concurrently, the study conducts a deeper investigation on
the mediating role of corporate reputation. With regard to the moderating effect, this
paper finds that enterprises with higher degree of marketization derive greater benefits
from the dual synergy in enhancing their performance. Given that enterprise character-
istics may influence the performance-enhancing effect of the dual synergy, we conduct
a heterogeneity analysis from three perspectives: ownership, firm size, and life cycle.
In terms of ownership, state-owned enterprises demonstrate a stronger synergistic effect
of digital and green transformation on financial performance, while non-state-owned
enterprises achieve greater improvements in environmental performance. In terms of
firm size, the interaction between digital and green transformation more significantly
enhances both profitability and environmental performance among small enterprises,
while its impact on market valuation is only significant for large enterprises. Across
life cycle stages, declining firms experience notable increase in short-term returns from
digital-green synergy. Conversely, growth-stage and maturity-stage companies demon-
strate significant progress in market value. When it comes to environmental perfor-
mance, firms in the maturity phase indicate significant enhancement through synergis-
tic transformation.

The marginal contribution of this paper is as follows: Firstly, it categorizes corporate
performance into financial performance and environmental, providing a more compre-
hensive examination than a single-angle approach. Secondly, this paper enriches the
research on digital-green synergy. We analyze how digital and green transformation
jointly affect enterprise performance, examining the moderating role of marketization
and the mediating mechanism of corporate reputation. Heterogeneity analysis across
ownership, firm size, and life cycle enhance the practical implications of the empirical
findings.

The remainder of this paper is structured as follows. Section 2 reviews the relevant
literature. Section 3 constructs the theoretical framework and presents the research hy-
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potheses. Section 4 describes the data sources, variable definitions, and empirical mod-
els. Section 5 reports and discusses the empirical results. Section 6 concludes the paper
and presents the corresponding implications.

2 Literature Review

2.1  Enterprise Digital Transformation and Enterprise Performance

Digital transformation is widely recognized as a key driver of firm performance, pri-
marily through pathways of cost reduction, operational efficiency, and innovation en-
hancement!®. Empirical studies confirm that digital initiatives optimize resource allo-
cation and mitigate information asymmetry, thereby supporting new business models
and revenue streams!”. However, the relationship is not uniformly positive. Significant
implementation hurdles, such as organizational resistance and substantial learning
costs, can stifle innovation and erode potential gains/®l. Furthermore, evidence suggests
a non-linear dynamic: while moderate digitalization improves performance, excessive
investment may lead to resource redundancy and governance complexity, resulting in
an inverted U-shaped relationship®!%. The strength of digital transformation’s impact
is also moderated by contextual factors including firm size, ownership structure, and
market conditions!' 12, Thus, while digital transformation holds clear performance po-
tential, its realization is contingent on strategic execution and organizational adaptabil-

ity.

2.2 Enterprise Green Transformation and Enterprise Performance

The literature presents a nuanced picture regarding the performance implications of
corporate green transformation. On one hand, green practices—particularly eco-inno-
vation and strong ESG performance—are associated with enhanced long-term financial
outcomes, attributed to lower capital costs, improved stakeholder trust, and reduced
regulatory risks!!3-14],

On the other hand, green initiatives often entail substantial upfront investments and
operational adjustments, which can dampen short-term profitability and operational ef-
ficiency!®l. Some studies further identify a non-linear effect, where the intensity of
green activities exhibits an inverted U-shaped relationship with firm efficiency, indi-
cating the presence of optimal implementation levels!'®l. These divergent findings un-
derscore the role of firm-specific factors, such as size, industry, and resource flexibility,
in mediating the green-performance link!!7-1%,

Despite ongoing debate, a prevailing consensus acknowledges that green transfor-
mation aligns with both social responsibility and strategic resilience, though its finan-
cial returns may unfold over varying time horizons.
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2.3  The "Dual Synergy" Relationship Between Digital and Greening
Transformation of Enterprises

Existing research has sufficiently explored how digitalization and greening inde-
pendently affect enterprise performance. However, the interaction between the two re-
mains underexamined. Current studies primarily focus on the one-way enabling role of
digitalization in advancing green objectives—such as through IoT and data analytics
improving resource efficiency and supporting low-carbon transitions?*2!l Emerging
work also notes that green imperatives can drive digital advancement, yet the bidirec-
tional and synergistic mechanisms remain poorly understood.?>-23],

Few studies have empirically investigated how the synergy of digital and green
transformations jointly enhances enterprise performance, particularly at the firm level.
Most existing synergy analyses rely on regional or provincial indices? , leaving a gap
in micro-level mechanism and pathway analysis. Specifically, the processes through
which digital and green transformations interact to improve environmental and finan-
cial performance are not fully articulated.

While the literature offers multifaceted insights into the individual pathways and
economic consequences of digital or green transformation, a significant gap remains.
The specific mechanisms and implementation paths through which their synergy en-
hances business performance are underexplored. As China's economy transitions from
rapid growth to a stage of high-quality development, fostering corporate dual synergy
has become an imperative. Investigating its impact on firm performance thus carries
substantial theoretical and practical significance. Therefore, this study aims to address
this gap by examining the specific mechanisms and implementation paths through
which the synergy between digital and green transformation affects enterprise perfor-
mance.

3 Theoretical Analysis and Hypotheses

3.1 The Dual Synergy of digital transformation and Green Transformation on
the Performance of Enterprises

Drawing on the resource-based view!?>! and dynamic capability theory!?®, this study
constructs a theoretical framework to analyze how the dual synergy of digital and green
transformations enhances enterprise performance.

The resource-based view posits that competitive advantage stems from valuable,
rare, inimitable, and non-substitutable resource combinations. Digital-green synergy
enables firms to build such distinctive resources. Digital technologies (e.g., cloud com-
puting, IoT, big data) enhance the acquisition, integration, and real-time monitoring of
resources, reducing waste and operational costs?-?8]. Concurrently, green technologies
improve energy efficiency and reduce emissions. Their integration creates novel, com-
plementary resource sets that optimize production processes, enable waste resource uti-
lization®], and support green product innovation, thereby improving both financial and
environmental outcomes(3%-31,
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Dynamic capability theory emphasizes a firm’s ability to integrate, build, and recon-
figure resources to address rapidly changing environments. The dual transformation
strengthens these capabilities. Digital tools provide real-time data on markets and en-
vironmental regulations, enhancing the speed and quality of decision-making and stra-
tegic adaptability®?, Green transformation fosters environmental adaptability, helping
firms comply with and exceed regulatory standards, thereby building market credibil-
ity(Song and Yu, 2018). Their synergy amplifies innovation capacity: digital technol-
ogy shortens R&D cycles for green innovation[33], while green objectives guide digital
optimization toward sustainable outcomes, shifting firms from “end-of-pipe treatment”
to “source prevention”34l. This collaborative dynamic capability enables efficient re-
source reallocation, rapid response to green market demands, and sustained competitive
advantage in a green economy.

This synergy drives financial performance through dual pathways. First, it generates
cost-reduction benefits: integrated monitoring and intelligent adjustment of production
and energy use lower operational expenses and improve total factor productivity®*,
Second, it enhances revenue generation: deep market insights and digital marketing
allow precise targeting of green consumer segments, fostering green brand building and
market share expansion[3¢-37,

Simultaneously, the synergy elevates environmental performance. It enriches envi-
ronmental monitoring and internal control mechanisms, reducing negative externalities.
By improving resource lifecycle tracking and conversion efficiency, it minimizes the
environmental footprint. Moreover, it establishes a foundational framework for green
innovation, reducing associated costs and risks, and promoting sustainable competitive-
ness(38-3%1,

Based on the above integration of theoretical perspectives, the following hypotheses
are proposed:

H1: The dual synergy of digital transformation and green transformation will signif-
icantly promote the improvement of corporate financial performance.

H2: The dual synergy of digital transformation and green transformation will signif-
icantly promote the improvement of corporate environmental performance.

3.2  The Path to Enhancing Enterprise Performance Through Dual Synergy:
Analysis Based on Enterprise Reputation

The synergy between digital and green transformation enhances informational trans-
parency, facilitating more effective signaling to external stakeholders. For instance,
digital tools enable the real-time disclosure of environmental data (e.g., carbon emis-
sions, energy consumption), which mitigates information asymmetry and bolsters the
credibility of corporate environmental commitments among customers and sharehold-
ersi*. Furthermore, this synergy reinforces corporate social responsibility (CSR).
While green transformation fosters the development of low-carbon products, digital
technology leverages precise marketing to communicate sustainable brand value,
thereby enhancing corporate reputation.



The Impact of the Dual Synergy of Digital Transformation and ... 459

Enterprise financial performance

A positive feedback loop exists between corporate reputation and financial perfor-
mance: Strong financial performance enhances reputation, which in turn further
strengthens financial outcomes, enabling sustained high performance*!!. First, a
stronger reputation contributes to cost reduction through several channels. For instance,
a favorable reputation mitigates information asymmetry for investors, improving credit
ratings and expanding access to lower-cost financing®?. It aids in attracting high-qual-
ity talent, which enhances operational efficiency and reduces human capital costs!*?!.
Meanwhile, reputation lowers transaction costs by fostering reliable partnerships. Sup-
pliers are more willing to engage in enduring cooperation with reputable firms, as con-
cerns over contractual risks are diminished™*,

Beyond cost reduction, reputation enhances financial performance by driving reve-
nue growth. It signals product quality and reliability, which strengthens customer loy-
alty and increases consumers' willingness to pay, thereby enhancing pricing power!*",
Furthermore, positive media coverage amplifies brand influence and attracts new cus-
tomers, contributing to market share gains™*’,

Thus, the following theories are put out in this paper:

H3: Dual synergy promotes the enhancement of an enterprise's financial perfor-
mance by enhancing its reputation.

Enterprise environmental performance

Reputation pressure serves as a catalyst for environmental innovation, compelling
firms to increase R&D investment in green technologies. High-reputation firms are sub-
ject to sustained stakeholder scrutiny; to maintain their reputational capital, they must
continually demonstrate commitment through green innovation*®!. Beyond this pres-
sure mechanism, a strong reputation attracts partners and investors, securing essential
financial and technical resources™*l. This support directly enables greater investment in
the research and application of environmental technologies, elevating firms' green
standards.

Thus, the following theories are put out in this paper:

H4: The dual synergy of digital transformation and green transformation drives en-
hancements in a firm's environmental performance by boosting its reputation.

The moderating role of the degree of marketization

A higher degree of marketization facilitates corporate digital transformation, which
helps reduce costs and improve operational efficiency”). This improved institutional
environment reflects healthier markets and more robust competitive dynamics, which
in turn significantly enhance firms' capacity for technological innovation*8!. Such in-
novation directly contributes to greater economic value and expected returns. Further-
more, well-developed markets broaden firms' access to resources and increase the like-
lihood of obtaining lower-cost financing. This access is conducive to cost reduction,
efficiency gains, and ultimately, enhanced firm performance®.

Furthermore, marketization encourages corporate green transformation, thereby pro-
moting sustainable and high-quality development®”, This effect operates through two
primary channels. First, as established, marketization facilitates digital transformation,
and the digital economy is a significant driver of green economic development®!. Sec-
ond, a market-oriented environment intensifies competitive pressures, increasing firms'
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imperative to optimize costs. In this context, environmental taxes act as a further cata-
lyst, effectively compelling regional enterprises to pursue green innovation®2],

Additionally, a high degree of marketization positively influences the dual synergy
between digital and green transformation. The marketization of data elements enhances
corporate ESG performance by accelerating digital evolution. Robust ESG perfor-
mance, in turn, improves financial outcomes and strengthens long-term corporate via-
bility33-4l, Moreover, marketization amplifies this synergistic effect institutionally. Re-
gions with advanced market mechanisms typically implement more comprehensive
digital and environmental policies—such as carbon emission trading systems and data-
sharing standards. These institutional frameworks reduce compliance costs for firms
and enhance the performance benefits derived from integrating digital and green initi-
atives.

HS5: The stronger the degree of marketization, the more significant the contribution
of the dual synergy of digital transformation and green transformation on enterprise
performance.

The theoretical model is illustrated in Fig.1.
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Fig. 1. Theoretical model of corporate synergetic transformation’s impact on corporate perfor-
mance

4 Research Design

4.1 Sample Selection and Data Sources

Our study utilizes yearly observational data from Chinese A-share companies that are
publicly traded in the Shanghai and Shenzhen stock exchanges, covering the period
from 2005 to 2022. The sample was selected depend on several criteria: (1) financial
firms were excluded. (2) Firms designated as ST or PT were removed. (3) firms with
missing key data were excluded. This selection process resulted in 36,951 observations.
The data primarily from the CSMAR and WIND databases, with environmental perfor-
mance (E scores) sourced from the Huazheng Index.
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4.2 Variable Definition

Core Explanatory Variable: Digital-Green Synergy Level (DG)

The core explanatory variable is the degree of digital-green synergy (DG) within
firms. To assess the mutual influence and development of digitalization and greeniza-
tion transformations, a coupling synergy degree model is employed for quantitative
analysis. This model is advantageous because it both captures the connection between
digitalization and greening transformation and measures the extent of their interaction.

For measuring digitalization transformation (D), this study adopts a commonly used
approach in academic research. Specifically, annual report text analysis is utilized to
evaluate the digitalization transformation level of firms. The process is as follows: First,
a digitalization transformation keyword library is constructed. Drawing from the ap-
proach proposed by, in this research, the frequencies of digital-related terms are di-
vided into two categories: basic technical applications and practical technical opera-
tions. Next, Python web scraping techniques are employed to gather annual report data
from A-share listed companies. Textual data is extracted from these documents using
the Java PDFBox library to assemble a corpus. The Python program is used to search,
count, and categorize the keywords from the digital transformation library within the
dataset, resulting in a total frequency count for key technological directions. To mitigate
scale differences across variables, the frequency data is log-transformed to build an
indicator system for firm digitalization transformation. For robustness, alternative
methods for measuring digital transformation are also used for validation in subsequent
analysis.

In measuring the level of greening transformation (G), adopts the method outlined
by, using textual analysis approach to evaluate the green transformation status of
companies. Compared to content analysis, text analysis combines natural language pro-
cessing (NLP) techniques, enabling more accurate extraction of information from un-
structured text in large datasets. This significantly lowers error margins and enhances
analytical reliability.

Building on previous research, the research set 113 keywords associated with cor-
porate greenization transformation, categorized into five key areas: advocacy and pro-
motion, strategic planning, green innovation, pollution control, and supervision man-
agement. By calculating the frequency of keywords within the annual report texts, the
overall count of terms related to greenization is obtained. To quantify the level of green
transformation, the study applies a logarithmic transformation of the keyword fre-
quency, adding one to each value for the analysis.

Coupling Synergy Model for Digital-Green Synergy(DG)

After measuring the extent of digitalization transformation (D) and greening trans-
formation (G), we utilize a coupling synergy degree model to evaluate the synergetic
level of DG. Since the DG represents a strategic relationship of mutual reinforcement
and promotion, this model is well-suited to capture the overall effectiveness and inter-
action of multiple subsystems in a holistic manner®-3%], The first step is developing the
model to compute the coupling degree (C) between digital and green transformations:

1
DXG ]E

C=2x [(D+G)2

Q)
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We further calculates the synergy degree (T) of digitalization and greening, which
is then used to derive the coupling synergy degree (DG) of the two transformations.
The specific calculation formulas are as follows:

T=axD+bxG ®)
DG=VC XT (€)]

In Equation (2), a and b represent the weight coefficients for digitalization and green-
ing. Considering that digitalization and greening are equally important for the dual

transformation, here we set a = b= % . Finally, the coupling synergy degree DG, calcu-

lated according to Equation (3), will be used to measure the synergetic transformation
of the firm.

Dependent Variable: Corporate Performance

The dependent variable is corporate performance, which is divided into two dimen-
sions: financial performance and environmental performance.

Financial performance is represented by two proxies: the TobinQ ratio and the return
on assets (ROA). TobinQ reflects a company’s market value, while ROA serves as a
comprehensive financial indicator, encompassing various factors such as production
efficiency, sales capacity, profitability, and financial leverage.

In recent years, the evaluation of environmental performance has expanded beyond
traditional metrics like air and water quality to include broader social aspects such as
education. The ESG indicators have become a vital tool for assessing environmental
performance due to their alignment with sustainable development principles and
China’s dual-carbon goals. The Huazheng ESG rating index considers various factors
in a company’s daily operations, including pollutant emission management, clean en-
ergy utilization, and waste disposal. It also applies differentiated weightings based on
industry characteristics. Due to its comprehensive coverage, strong data traceability,
and precise calculation methods, this index has become one of the most important and
authoritative metrics for evaluating environmental performance. Therefore, this study
uses the annual average environmental score (E score) from the Huazheng ESG rating
as a proxy for environmental performance.

Mechanism analysis: Corporate Reputation

Refer to the research of Zhang and Jiang!®this study collects all news reports of
sample companies from various media outlets such as television, the internet, and news-
papers for each year. These reports are then classified into three categories: positive,
neutral, and negative. To measure each company’s public reputation (Reputation) for a
specific year, we add 1 to the number of positive news and take the natural logarithm
of the result.
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4.3 Model Construction

Building upon the theoretical framework, a multiple linear regression model is devel-
oped to test Hypothesis 1 and Hypothesis 2, which examine the direct effects of digi-
talization and greenization synergetic transformation on corporate financial and envi-
ronmental performance. The model is constructed as follows:

ROA; =0+B:DGi+yiControls+) firm+) Year+s;, 4)
TobinQ; =a,+P2DGi ty.Controls+) firm+) Year+e;, 5)
E-scorei =033 DGi +ysControls+) firm+) Yearte;, (6)

The (i) and (t) represents the firm and the year respectively. The dependent variables
(ROA) and (TobinQ) represent the firm’s financial performance, and the (E-score) rep-
resents the firm’s environmental performance. The core explanatory variable (DG)
measures the level of synergetic transformation, with the parameter p depicting the im-
pact of (DG) on corporate performance. (Controls) refers to other firm-level control
variables. To control for macroeconomic factors and other unmeasurable influences,
fixed effects for both year and firm are included.

The mechanism test model is as follows:

Reputation; =a4+BsDG;i tysControls+) firm+) Year+ei, @)

We introduces the interaction term between the synergetic transformation and mar-
ketization into models (4) to (6) to test the moderating effect:

ROA| =05+BsDGi +usDGxmarket+vsmarket+ysControls+) firm+) Year+e; ®)
TobinQ; =ag+PoDG; DG xmarket+vomarket+ysControls+) firm+) Yeart+ei;  (9)

E-score i=010+B10DGirrpioDGxmarket+viomarket+yioControls+) firm+) Yearteit: (10)

5 Empirical Results

5.1 Descriptive Statistics

Table 1 reports the descriptive statistics. The DG measure ranges from a minimum of
0 to a maximum of 0.945, with a mean value of 0.359 and a standard deviation of 0.302.
These figures reveal substantial heterogeneity in the extent of synergistic development
across the sample of listed companies.

Table 1. Descriptive Statistics

VarName Obs Mean SD Min Median Max
DG 36951 0.359 0.302 0.000 0.488 0.945
ROA 36951 0.040 0.062 -0.965 0.039 0.786
TobinQ 36951 2.003 1.207 0.625 1.619 9.998

Escore 36951 60.437 7.348 29.460 60.250 95.160
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size

invt

Inage
DirectorNumberl
topl

big4

cr

lev

cflow

36951 22.186
36951 0.052
36951 2.039
36951 8.553
36951 34.545
36951 0.061
36951 0.576
36951 0.419
36951 0.048

5.2  Baseline Regressions

1.322 18.702
0.050 0.000
0.920 0.000
1.707 0.000
15.090 0.290
0.239 0.000
0.205 0.014
0.206 0.007
0.074 -0.744

21.984
0.037
2.197
9.000

32.330
0.000
0.593
0.412
0.047

28.636
0.642
3.497

18.000

89.990
1.000
1.000
0.997
0.771

The baseline regression results for the effect of synergistic transformation on corporate
performance is reported on Table 2.

Column (1) and (2) indicate that DG has a positive impact on ROA and TobinQ, at
the 1% and 5% significance level, respectively. Both of these results confirm that syn-
ergistic transformation positively influences financial performance, thus supporting
Hypothesis 1. Moreover, Column (3) indicates that the DG coefficient is significantly
positive at the 1% level, highlighting that dual integration synergy substantially en-
hances environmental performance, thereby confirming Hypothesis 2.

Specifically, the results suggest that for every 1-unit increase in DG, ROA increases
by 0.00522 units and TobinQ rises by 0.0531 units. Additionally, environmental per-
formance improves by 0.831 units.

Table 2. Baseline regressions

M B} 3)
VARIABLES roa tobin Escore
DG 0.00522%%* 0.0531%* 0.83]%%**
(0.00134) (0.0220) (0.148)
size 0.0182%** -0.558%%** 1.047%**
(0.00105) (0.0169) (0.0808)
invt 0.1171%%* 1.090%** -3.524%%%*
(0.00746) (0.121) (0.743)
Inage -0.00134 0.687%** -1.641%%*
(0.000873) (0.0165) (0.116)
DirectorNumber] 0.000488 -0.00333 -0.0748%%*
(0.000343) (0.00492) (0.0327)
topl 0.000498%*** -0.00254*** -0.00994*
(4.87¢-05) (0.000808) (0.00511)
big4 0.00376 0.0799* 0.433
(0.00244) (0.0469) (0.300)
cr 0.0749%** 0.395%** -1.303%%%*
(0.00367) (0.0575) (0.325)
lev -0.142%%* 0.0230 -0.475
(0.00460) (0.0550) (0.310)
cflow 0.194%%** 1.039%** 0.562
(0.00660) (0.0847) (0.448)
Constant -0.382%*%* 12.73%%* 42 32 %%
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(0.0227) (0.366) (1.753)
Year FE Y Y Y
Firm FE Y Y Y
Observations 36,950 36,950 36,950
R-squared 0.527 0.634 0.567
Note(s):

This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p <0.01.

5.3  Endogeneity Test

In empirical research, reverse causality can lead to endogeneity issues. Specifically,
better-performing firms may be more inclined to promote synergistic transformation,
meaning that improved performance could be the cause of synergistic transformation
rather than its effect. To address this concern and confirm the robustness of the findings,
we conducted endogeneity tests.

First, acknowledging the possibility of time lags in the effect of DG, the core ex-
planatory variable was lagged by one period (L1DG). As presented in Table 3, the es-
timated coefficients for synergistic transformation continue to exhibit statistically sig-
nificant positive values, reinforcing the consistency of our findings over time.

On the other hand, we addressed endogeneity using an instrumental variable (IV)
approach. Borrowing from[®”), we used the cubic difference between the synergistic
transformation index and the average value of synergistic transformation indicators cat-
egorized by industry and province as the instrument variable. This instrument is valid
because synergistic transformation exhibits peer effects—firms within the same indus-
try and region tend to influence each other’s transformation efforts—while a firm’s
performance is unlikely to be directly affected by the transformation activities of peers.
Consequently, the instrument satisfies both relevance and exogeneity requirements.

Column (1) of Table 4 reports the first-stage effect of the instrument on the inde-
pendent variable (DG), with a coefficient of 4.642, and is significantly positive at the
1% level, passing the weak instrument test. Columns (2) to (4) display the second-stage
results, where the coefficients for synergistic transformation are 0.005, 0.057, and
1.207.

These findings confirm that after addressing the endogeneity issue, the conclusion
that synergistic transformation significantly positively impacts corporate performance
remains valid.

Table 3. Results of first-order lag regression

M @) (3)
Variable ROA TobinQ E score
L1DG 0.00382*** 0.0384* 1.345%*%*
(0.00146) (0.0228) (0.159)
Controls Y Y Y
_cons -0.393%** 11.07%%* 39.00%**
(0.0243) (0.363) (2.041)

Year FE Y Y Y
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Firm FE Y Y Y

N 31,152 31,152 31,152
R? 0.529 0.656 0.594
Note(s):

This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p < 0.01.

Table 4. Instrumental Variable Method

(1) (2) (3) 4)

DG ROA TobinQ E score
lewbel IV 4.642%**

(0.044)
DG 0.005*** 0.057* 1.207***

(0.002) (0.031) (0.197)

controls Y Y Y Y
Year FE Y Y Y Y
Firm FE Y Y Y Y
N 36950 36950 36950 36950
R? 0.188 0.123 0.014
F 11043.011 294.618 291.109 39.921
CD Wald F 53119.813
SW S stat. 42.403
Note(s):

This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p < 0.01.

54 Robustness Test

High-dimensional Fixed Effects

Given the impact of changing macroeconomic conditions on corporate performance
within specific periods and regions, we conduct regressions using both year-city inter-
action fixed effects and firm fixed effects. As reported in Table 5, even after considering
these interaction effects, the synergistic transformation continues to exert a statistically
significant and positive effect on both financial and environmental performance. This
further strengthens the robustness of our findings.

Table 5. High-dimensional Fixed Effects

M @) 3)
VARIABLES ROA TobinQ Escore
DG 0.00557%+* 0.0451% 0.746%%*
(0.00145) (0.0242) (0.162)
size 00184+ -0.555%%x 1.020%%
(0.00111) (0.0180) (0.0902)
invt 0.105%%* 0.980%** -3.308%
(0.00801) (0.131) (0.830)
Inage -0.00147 0.687%+* -1.581 %%

(0.000946) (0.0182) (0.129)
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DirectorNumber1 0.000533 -0.00384 -0.0829%*
(0.000378) (0.00519) (0.0365)
topl 0.000464*** -0.00245%** -0.00897
(5.19¢-05) (0.000876) (0.00565)
big4 0.00446* 0.0595 0.400
(0.00250) (0.0493) (0.325)
cr 0.0705%** 0.317%** -0.835%*
(0.00393) (0.0607) (0.358)
lev -0.137%%* 0.00720 -0.526
(0.00473) (0.0599) (0.346)
cflow 0.186%** 0.934%** 0.538
(0.00702) (0.0899) (0.493)
Constant -0.386%*** 12.72%%* 42.62%**
(0.0242) (0.391) (1.965)
Firm FE Y Y Y
Year-City FE Y Y Y
Observations 35,065 35,065 35,065
R-squared 0.577 0.670 0.608
Note(s):

This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p < 0.01.

Substitution of Key Explanatory Variable

In light of the distinctive nature of digitalization, this study adopts an approach based
on®" using the proportion of digitization-related intangible assets relative to total in-
tangible assets as an indicator of digitalization(D2).

For measuring green transformation, there is no universally accepted standard. We
further use the share of green patent applications within a firm’s total patent applica-
tions as a proxy for green transformation (G2).

Building upon this, we recalibrate the degree of synergistic transformation as (DG2)
and incorporate it into the regression model. In Table 6, the results manifest that the
synergy measured by digital technology intangible assets and green patents signifi-
cantly enhances corporate performance, further confirming the robustness of our con-
clusions.

Table 6. Substitution of Key Explanatory Variable

(1) @ 3)
VARIABLES ROA TobinQ Escore
DG2 0.00692%%** 0.0428* 1.411%**
(0.00114) (0.0257) (0.187)
size 0.0107*%*%* -0.366%** 1.644%**
(0.000343) (0.00758) (0.0394)
invt 0.126%** 1.394%** -2.239%%*
(0.00613) (0.129) (0.761)
Inage -0.00568*** 0.294%** -0.601%**
(0.000353) (0.00766) (0.0490)
DirectorNumberl 0.000279* -0.0103%** 0.0669***

(0.000164) (0.00324) (0.0219)
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topl 0.000208%** -0.000214 -0.00433*
(1.80e-05) (0.000371) (0.00253)
bigd -0.00505%** 0.304%** 0.240
(0.00102) (0.0239) (0.162)
cr 0.0695%** 0.437%** -0.143
(0.00199) (0.0386) (0.234)
lev -0.111%%* -0.445%%* 0.0825
(0.00224) (0.0373) (0.220)
cflow 0.287%** 1.910%** 1.889%**
(0.00646) (0.0973) (0.484)
Constant -0.210%** 9.365%** 24.65%**
(0.00716) (0.159) (0.822)
Industry FE Y Y Y
Year FE Y Y Y
Observations 36,849 36,849 36,849
R-squared 0.351 0.322 0.188
Note(s):

This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p <0.01.

5.5 Mechanism Test

To test the underlying mechanism, we utilize a two-stage regression approach. In Table
7, the findings demonstrate that the synergistic transformation enhances corporate rep-
utation, thereby confirming the mechanism: synergistic transformation improves cor-
porate performance by strengthening corporate reputation.

Table 7. Mechanism Test
(1

Variable Reputation

DG 0.0840***
(0.0208)

controls Y

_cons -5.310%%*
(0.104)

Year FE Y

Industry FE Y

N 36,458

R2 0.444

Note(s):
This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p <0.01.

5.6 Moderating Effect of Marketization

This study introduces an interaction term between the degree of synergistic transfor-
mation and marketization (DG_M). In Table 8§, the interaction terms DG_M are signif-
icantly positive at the 1% level, indicating that marketization significantly enhances the
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positive effect of synergistic transformation on corporate performance, thereby con-

firming Hypothesis 5.

Table 8. Moderating Effect

) 2 3
VARIABLES ROA TobinQ Escore
DG M 0.00182%** 0.0326%*** 0.324***
(0.000574) (0.0103) (0.0743)
market 0.000392 0.0201* -0.115
(0.000662) (0.0118) (0.0738)
DG 0.00460*** 0.0562** 0.753***
(0.00129) (0.0222) (0.151)
size 0.0172%** -0.541%*x* 1.066***
(0.00106) (0.0167) (0.0839)
invt 0.103*** 1.031*** -3.77THE*
(0.00722) (0.124) (0.764)
Inage -0.00172** 0.682%*** -1.714%%%*
(0.000863) (0.0166) (0.118)
DirectorNumberl 0.000350 -0.00235 -0.0622*
(0.000338) (0.00488) (0.0334)
topl 0.000416%** -0.00184** -0.00903*
(4.65e-05) (0.000810) (0.00528)
big4 0.00357 0.0787* 0.527*
(0.00251) (0.0477) (0.308)
cr 0.0732%** 0.403*** -1.302%**
(0.00364) (0.0575) (0.338)
lev -0.133%%* 0.0151 -0.548*
(0.00470) (0.0569) (0.329)
ctlow 0.194%** 1.042%** 0.450
(0.00658) (0.0869) (0.467)
Constant -0.361%** 12.13%** 43.03***
(0.0237) (0.377) (1.966)
Firm FE Y Y Y
Year FE Y Y Y
Observations 35,643 35,643 35,643
R-squared 0.532 0.636 0.571
Note(s):

This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <

0.05 and ***p <0.01.

5.7 Heterogeneity Analysis

Ownership Heterogeneity Analysis

This research categorizes the sample into state-owned and non-state-owned enter-
prises, employing regression analysis to explore the connection between synergistic
transition and financial and environmental performance across different ownership
types. According to Table 9, columns (1)—(2), the beneficial impacts of synergistic
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transformation on ROA are significant in both state-owned and non-state-owned enter-
prises. However, the effect is more pronounced in the former case. Probably because
state-owned enterprises are the beneficiaries of a number of advantages, including
greater government support, access to resources and stable management. With these
advantages, state-owned enterprises can improve their ROA more efficiently when
adopting positive transformation methods. Conversely, heightened market competition
may leave non-state-owned enterprises stretched too thin, resulting in relatively limited
gains in ROA from synergistic transformation.

The beneficial impact on financial performance is significant exclusively in state-
owned enterprise when measured by TobinQ. When state-owned enterprises adopt the
dual synergy, they are not only capable of using various forms of support such as poli-
cies for accelerating profits but also convey a positive signal to the public: they shoulder
the responsibilities of digital innovation and environmental protection. Therefore, the
market may place a higher value assessment and establish elevated expectations on
them. However for non-state-owned enterprises, the long-term effect of synergy re-
quires continuous technological iteration and market validation and it may be difficult
for the market to fully price them in such a short term.

Besides, the results in columns (5)—(6) reveal that synergistic transformation signif-
icantly enhances the environmental performance for both types of enterprises, with a
higher coefficient for non-state-owned enterprises. State-owned enterprises themselves
are under an obligation to respond to national policy directives and are subject to more
stringent requirements with regard to the control of environmental pollution. Conse-
quently, the capacity for enhancing environmental performance through synergistic
transformation may be constrained. But for non-state-owned enterprises, they may have
had relatively loose environmental controls in the early stages. In the context of mount-
ing regulatory pressures and heightened societal scrutiny on corporate environmental
responsibility, non-state-owned enterprises are increasing investments in integrating
digitalization with sustainable development. This initiative may bring about more sig-
nificant performance improvement.

Table 9. Heterogeneity Analysis of Enterprise Ownership

M @) (3) @) ) ©)

SOEs NSOEs SOEs NSOEs SOEs NSOEs
VARIABLES ROA ROA TobinQ  TobinQ Escore Escore
DG 0.00433** 0.00395%** 0.0561*  0.00920 0.667***  (0,940%***

(0.00188)  (0.00186)  (0.0302) (0.0304)  (0.238)  (0.190)

size 0.0126%%%  (.0222%** -0.559%k% ] 3|5kkE (. 976%kx
0.548%%+

(0.00128)  (0.00152)  (0.0247) (0.0234)  (0.132)  (0.111)

invt 0.109%**  0.105%**  1.060%** 1.102*%** -0.295 -
476755
(0.0121) (0.00959)  (0.185)  (0.153)  (1.254)  (0.933)

Inage 0.00174 0.000619  0.484%%* (.757%%*  0.416 -
2.3 %%

(0.00140)  (0.00121)  (0.0315) (0.0223)  (0.271)  (0.144)
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Director- 0.000111 0.00124** - 0.00290 -0.0320 -0.101**
Numberl 0.000509

(0.000389)  (0.000537)  (0.00635) (0.00740) (0.0480) (0.0469)
topl 0.000192*** (0.000782%** - - -0.00336

0.00180* 0.00312%* (.0249%%*
(6.13¢-05)  (7.54e-05)  (0.00108) (0.00122) (0.00792) (0.00714)

bigd 0.000168 0.00572 -0.00696  0.222***  (0.0379 0.869*
(0.00266) (0.00409) (0.0491) (0.0859)  (0.397) (0.477)
cr 0.0741*** 0.0727%*** 0.390***  0.496***  -1.669%** -
1.303***
(0.00515) (0.00532) (0.0884) (0.0776)  (0.542) (0.423)
lev -0.142%%%* -0.139%** -0.0880  0.0917 -0.0729 -0.685%*
(0.00582) (0.00659) (0.0855) (0.0729)  (0.524) (0.399)
cflow 0.180*** 0.201*** 0.651***  1.207***  0.746 0.547
(0.00884) (0.00891) (0.115) (0.111) (0.720) (0.576)
Constant -0.251%** -0.484*** 12.84%*%  12.64***  3]1.56%** 44 69%**
(0.0292) (0.0331) (0.546) (0.509) (2.966) (2.401)
Observations 13,185 23,697 13,185 23,697 13,185 23,697
R-squared 0.570 0.522 0.669 0.631 0.582 0.576
Note(s):

This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p < 0.01.

Scale Heterogeneity Analysis

This part examines how synergistic transformation differentially affects corporate
performance with firm size as a moderating factor. The dataset is partitioned into large-
sized and small-sized enterprises and the results are presented in Table 10.

Regarding TobinQ, synergistic transformation conduces to large enterprises signifi-
cantly yet the efficacy of this measure for small businesses is uncertain. This indicates
that larger companies leverage synergistic transformation enabling them to quickly en-
hance market expectations. In contrast, smaller companies experience limited incre-
mental benefits from these synergies.

In terms of Escore, small enterprises exhibit a slightly stronger improvement than
large companies. By adopting synergistic transformation, small enterprises can quickly
address loopholes in environmental protection, with considerable room for marginal
improvement in environmental performance. Large-scale enterprises have relatively
sound environmental compliance and governance systems, which may result in less
obvious benefits from synergistic transformation.

When it comes to ROA, the effect of synergistic transformation is significantly
stronger for small enterprises compared to large ones. Small businesses are character-
ized by their small-scale nature and relatively simple production processes. It suggests
that in the process of undergoing transformation, the costs associated with activities in
small companies may be lower so that the achievement of improved financial perfor-
mance within a short period of time is more obvious.
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Table 10. Heterogeneity Analysis of Enterprise Scale

) 2 3) “4) ) (6)
Small-sized Large-sized Small- Large- Small- Large-
sized sized sized sized
VARIABLE ROA ROA TobinQ TobinQ Escore Escore
S
DG 0.0137***  0.00855*** 0.0311 0.0763*** (.888*** (.832%%**
(0.00202) (0.00152) (0.0341) (0.0220)  (0.203)  (0.236)
size 0.0240***  0.0142***  -1.055%**  -Q.151%** (.914%%* 1.430%**
(0.00215) (0.00143) (0.0321) (0.0202)  (0.150)  (0.171)
invt 0.0993***  (0.109%** LOL11***  0.972%** .- 0.463
5.873***
(0.00947) (0.0121) (0.174) (0.132) (0.959)  (1.293)
Inage -0.00721*** -0.00122 0.924***  0.360*** - 0.904***
2.409%**
(0.00130) (0.00139) (0.0263) (0.0266)  (0.156)  (0.270)
Director- 0.00154***  -0.000258 3.73e-05 0.000183  0.0160 -
Numberl 0.156%***
(0.000587)  (0.000350)  (0.00887)  (0.00525) (0.0507) (0.0492)
topl 0.000615**  0.000356** - - -0.00988 -0.0106
* * 0.00934**  0.00189**
%
(9.32¢-05) (5.69¢-05) (0.00156)  (0.000807 (0.00929 (0.00824
) ) )
big4 0.00305 0.00223 0.107 -0.00532  -0.415 0.399
(0.00516) (0.00275) (0.138) (0.0426)  (0.664)  (0.376)
cr 0.0727***  0.0814***  0.287***  0.490***  -0.873* -
2.591***
(0.00534) (0.00558) (0.0863) (0.0652)  (0.446)  (0.621)
lev -0.108*** -0.171%%* 0.234%** -0.272%*%*  -0.00287 -
1.856%***
(0.00689) (0.00556) (0.0819) (0.0665)  (0.433)  (0.581)
cflow 0.173%** 0.175%** 0.735%** 1.060***  0.414 0.785
(0.00878) (0.00805) (0.122) (0.0857)  (0.591)  (0.745)
Constant -0.513%%* -0.273%** 23.10%**  4.056***  44.74*** 20 Q7k**
(0.0459) (0.0327) (0.672) (0.467) (3.168)  (3.900)
Observations 20,396 15,783 20,396 15,783 20,396 15,783
R-squared 0.551 0.631 0.669 0.714 0.610 0.581
Note(s):

This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p <0.01.

Lifecycle Heterogeneity Analysis

Companies at different stages of their lifecycle manifest marked discrepancies in
their business objectives, resource endowments, market environment, and competitive
strategies. The influence of synergistic transformation, served as an indicator of the
integration of digital and sustainable development, is closely associated with a compa-
ny's lifecycle stage. Accordingly, this research adopts Dickinson’s methodologies to
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assess how synergistic transformation influences corporate performance across the
growth, maturity, and decline stages[®?].

According to Table 11, although growth-stage enterprises are in an expansion phase,
the impact of synergistic transformation on ROA is not significant. This could stem
from the conflict between substantial investment costs and limited resources, which
hinders the full realization of digital greening synergy benefits in the short term. As
enterprises enter the maturity phase, the effect of synergistic transformation on ROA
remains not significant. This suggests that with accumulated resources and market sta-
bility, it may be hard for mature enterprises to reorganize their structure. Adopting the
synergistic strategy costs a lot, resulting that short-term effect of financial enhancement
is not significant. The beneficial effect of digital-green synergies on ROA is most pro-
nounced during the decline phase of the enterprise. Particularly under China's "dual
carbon" strategy, green transformation and digital optimization may provide significant
financial recovery which has a immediate positive impact on companies in financial
crisis during a recession.

Table 11. Heterogeneity Analysis of Enterprise Life Cycle -ROA

0 P 3)
growth maturity decline
VARIABLES ROA ROA ROA
DG 0.00524 0.00368 0.0122%*
(0.00470) (0.00226) (0.00505)
size 0.0159%** 0.0152%** 0.0252%**
(0.00295) (0.00198) (0.00414)
invt 0.0867*** 0.137*** 0.209%**
(0.0333) (0.0166) (0.0413)
Inage -0.00425 0.00301 0.00746
(0.00301) (0.00214) (0.00483)
DirectorNumberl 0.00248* 0.000268 0.000806
(0.00127) (0.000578) (0.00129)
topl 0.00101%** 0.000449%%** 0.000336**
(0.000195) (9.29¢-05) (0.000158)
big4 0.00801 0.00101 0.00715
(0.00603) (0.00404) (0.00773)
cr 0.0558*** 0.0763*** 0.0912%**
(0.0132) (0.00689) (0.0119)
lev -0.15]%** -0.152%%* -0.169%**
(0.0147) (0.00856) (0.0149)
cflow 0.000545 0.330%** 0.136%**
(0.0152) (0.0138) (0.0154)
Constant -0.347*%* -0.332%%* -0.565%**
(0.0628) (0.0424) (0.0925)
Observations 3,687 12,177 5,944
R-squared 0.600 0.667 0.538

Note(s):
This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p < 0.01.
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According to Table 12, in the growth and maturity phase, the positive effect of dual
integration synergies on TobinQ is pronounced. This reflects that mature enterprises
are not only able to sustain the current business model, but they can also rapidly inte-
grate dual resources and convert them into market value. During the growth phase, the
beneficial influence is slightly weaker. Growing enterprise are able to promote market
value through innovation and resource optimization through dual integration synergies
while the beneficial effect has not been fully released due to limited scale and resources.
In the decline phase, the positive effect on TobinQ is not significant. Probably because
the advantages of dual transformation are postponed. The market lacks confidence in
recessive companies so notwithstanding any efforts to effect a transformation, it is chal-
lenging to effect a change in the market's valuation of the brand in the short term with-
out immediate profit performance.

Table 12. Heterogeneity Analysis of Enterprise Life Cycle -TobinQ

1) 2 3)
growth maturity decline
VARIABLES TobinQ TobinQ TobinQ
DG 0.108* 0.105** 0.0797
(0.0652) (0.0423) (0.0672)
size -0.695%** -0.484*** -0.863***
(0.0645) (0.0326) (0.0489)
invt -0.0572 1.371%%* 2.185%**
0.477) (0.324) (0.612)
Inage 0.544%** 0.730%** 0.675***
(0.0492) (0.0455) (0.0669)
DirectorNumber1 -0.0154 -0.00261 0.0203
(0.0162) (0.00951) (0.0141)
topl -0.00414 -0.00242 -0.00104
(0.00300) (0.00163) (0.00234)
bigd -0.0242 0.0693 0.0884
(0.107) (0.0934) (0.150)
cr -0.137 0.509%** 0.250*
(0.200) (0.125) (0.151)
lev 0.136 -0.0262 0.134
(0.166) (0.110) (0.149)
cflow 0.171 2.648*** 0.329*
(0.388) (0.215) (0.192)
Constant 16.46%** 10.71%** 19.02%**
(1.499) (0.712) (1.035)
Observations 3,687 12,177 5,944
R-squared 0.739 0.684 0.750

Note(s):
This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p <0.01.

According to Table 13, the empirical findings indicate that synergistic transfor-
mation significantly enhances a firm's environmental performance in the mature phase.
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In the case of mature enterprises, the market share has stabilized and business growth
has decelerated. Companies are willing to seek novel competitive advantages and sus-
tainable development paths like synergistic transformation, so improvements can be
achieved over a relatively brief period. For growing enterprise, corporate entities prior-
itize the augmentation of business operations, the attainment of market dominance, and
the enhancement of market competitiveness. They allocate a significant proportion of
their resources to the domains of production, marketing, and other pertinent areas so
the beneficial effect of synergistic effects may be limited. The reason why companies
undergoing a decline phase do not show significant improvement in environmental per-
formance when employing a dual-coordination strategy may be similar to those in the
growing phase the company's strategic focus is pivotal. When companies are con-
fronted with a critical challenge to their survival, their priority is on stopping losses and
seeking survival. It often hinders the implementation of coordination strategies, result-
ing in suboptimal resource allocation and outcomes.

Table 13. Heterogeneity Analysis of Enterprise Life Cycle -E Score

(1) 2 3)
growth maturity decline
VARIABLES Escore Escore Escore
DG 0.847 1.088%*** 0.190
(0.537) (0.284) (0.402)
size 0.712%* 1.302%** 0.681%*%**
(0.292) (0.174) (0.244)
invt -2.779 -0.408 -6.195%*
(2.684) (1.832) (3.589)
Inage -3.019%%* 1.087%*** -0.225
(0.370) (0.284) (0.442)
DirectorNumberl 0.0575 -0.0420 -0.163*
(0.123) (0.0615) (0.0930)
topl -0.0288 0.0167* 0.00908
(0.0208) (0.0101) (0.0150)
bigd 1.615* -0.310 0.564
(0.969) (0.514) (0.717)
cr -0.443 -1.219* -2.688%**
(1.179) (0.693) (0.833)
lev 0.358 -1.211%* -0.144
(1.063) (0.670) (0.810)
cflow 1.137 -0.470 2.600%**
(1.903) (1.123) (1.006)
Constant 50.70%** 29.79%** 47.87%**
(6.377) (3.841) (5.357)
Observations 3,687 12,177 5,944
R-squared 0.683 0.646 0.675

Note(s):
This research uses robust standard errors, which are reported in parentheses, *p < 0.1, **p <
0.05 and ***p < 0.01.
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6 Conclusions and Policy Implications

It is evident that digitalization and sustainability represent two key global development
trends. In this context, their synergy offers enterprises a strategic pathway to overcome
resource constraints and achieve sustainable development. The practice of dual digital-
green transformation is crucial not only for corporate competitiveness but also for na-
tional high-quality development.

Using data from Chinese listed companies from 2005 to 2022, this paper examines
the impact of digital-green synergy on corporate performance and elucidates its under-
lying mechanisms. The results show that the synergistic effect promotes both financial
performance and environmental performance and this effect remains significant after a
series of robustness tests. Marketization level positively moderates this effect, indicat-
ing that a more developed market environment helps firms better leverage the syner-
gistic effect. Moreover, we find that corporate reputation serves as an important medi-
ating channel.

Heterogeneity analysis reveals differentiated effects: state-owned enterprises expe-
rience stronger financial performance improvements, while non-state-owned firms
achieve greater environmental gains. Small firms benefit more in profitability and en-
vironmental outcomes, whereas larger firms see more pronounced effects on market
valuation. Across life cycle stages, declining firms gain notable short-term returns,
while growth- and maturity-stage firms exhibit significant market value improvements.

This study offers several policy implications. First, governments should strengthen
policy guidance and institutional support for digital-green synergistic transformation.
Second, as marketization level enhances the synergy’s positive effect. In eastern re-
gions with higher marketization levels, efforts should focus on integration and innova-
tion to achieve advanced synergistic development and provide a model for less devel-
oped regions. For latecomer regions with relatively low levels of marketization, gov-
ernments should increase investment in digital infrastructure and green energy net-
works, and introduce appropriate policy support to stimulate market competitiveness
and promote balanced regional development. Third, enterprises should voluntarily en-
hance their sense of subjectivity and assume the responsibility for collaborative trans-
formation.

Despite the valuable conclusions drawn by this study, there are still some limitations.
First, the measurement of enterprise performance focuses on financial and environmen-
tal indicators, excluding social dimensions such as employee welfare and community
impact. In the future, more factors can be further considered to explore the comprehen-
sive influence of the dual synergy. Second, in terms of the moderating effect, the ex-
planation for the regulatory role of "degree of marketization" may be overly macro-
scopic, as it lacks an examination of enterprises’ micro-level decisions, such as mana-
gerial perceptions. Subsequent research could incorporate specific micro-level deci-
sion-making factors to enrich the research perspective on moderating effects.



The Impact of the Dual Synergy of Digital Transformation and ... 477

Acknowledgments

This study was funded by Wuhan University of Technology National Program for Col-
lege Students' Innovation and Entrepreneurship Training (202510497100).

References

10.

11.

12.

13.

14.

. ANWAR, M. & SHUANGIIE, L. 2021. Spurring competitiveness, financial and

environmental performance of SMEs through government financial and non-financial
support. Environment, Development Sustainability, 23, 7860-7882.

MILENKOVIC, A., KRSTIC, B. & JOVANOVIC-VUJATOVIC, M. 2024. Relations
among environmental and financial performance of resource usage in enterprises: literature
review. Economics of sustainable development, 8, 1-19.

BIANCHINI, S., DAMIOLI, G., GHISETTI, C. J. E. & ECONOMICS, R. 2023. The
environmental effects of the “twin” green and digital transition in European regions. 84,
877-918.

CASTRO, G. D. R.,, FERNANDEZ, M. C. G. & COLSA, A. U. J. J. O. C. P. 2021.
Unleashing the convergence amid digitalization and sustainability towards pursuing the
Sustainable Development Goals (SDGs): A holistic review. 280, 122204.
COECKELBERGH, M. J. A. & ETHICS 2021. Al for climate: freedom, justice, and other
ethical and political challenges. 1, 67-72.

GUO, J., TAN, H., ADILBISH, G. & WANG, F. Research on the Impact of Digital
Transformation on Manufacturing Enterprise Performance. Proceedings of the 2nd
International Academic Conference on Blockchain, Information Technology and Smart
Finance (ICBIS 2023), 2023. Atlantis Press, 333-343.

WANG, Z., LIN, S., CHEN, Y., LYULYOV, O. & PIMONENKO, T. 2023. Digitalization
effect on business performance: role of business model innovation. Sustainability, 15, 9020.
TULINAYO, F. P., SSENTUME, P. & NAJJUMA, R. 2018. Digital technologies in
resource constrained higher institutions of learning: a study on students’ acceptance and
usability. International Journal of Educational Technology in Higher Education, 15, 1-19.
SUO, X., ZHANG, L., GUO, R., LIN, H., YU, M. & DU, X. 2024. The inverted U-shaped
association between digital economy and corporate total factor productivity: A knowledge-
based perspective. Technological Forecasting Social Change, 203, 123364.

LIANG, D. & TIAN, J. 2024. The impact of digital transformation on the high-quality
development of enterprises: an exploration based on meta-analysis. Sustainability, 16, 3188.
CHEN, S., YANG, Y. & WU, T. 2023. Research on the impact of digital transformation on
green development of manufacturing enterprises. Frontiers in Energy Research, 10,
1045328.

SATALKINA, L. & STEINER, G. 2020. Digital entrepreneurship and its role in innovation
systems: A systematic literature review as a basis for future research avenues for sustainable
transitions. Sustainability, 12, 2764.

FATEMI, A., FOOLADI, I. & TEHRANIAN, H. 2015. Valuation effects of corporate social
responsibility. Journal of banking finance, 59, 182-192.

WANG, M., L1, Y., LI, J. & WANG, Z. 2021. Green process innovation, green product
innovation and its economic performance improvement paths: A survey and structural
model. Journal of environmental management, 297, 113282.



478

15.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

W. Xiao and D. Shi

NGNIATEDEMA, T., LI, S. & ILLIA, A. 2014. Understanding the Impact of Green
Operations on Organizational Financial Performance: An Industry Perspective.
Environmental Quality Management, 24.

. D'ANGELO, V., CAPPA, F. & PERUFFO, E. 2023. Green manufacturing for sustainable

development: The positive effects of green activities, green investments, and non-green
products on economic performance. Business Strategy the Environment, 32, 1900-1913.
YU, H., SU, X., YANG, Y. & YAO, S. Digital Transformation, Green Investment, and
Green Transformation: The Moderating Effects of Industrial Policy. Polish Journal of
Environmental Studies.

. OBERSEDER, M., SCHLEGELMILCH, B. B. & GRUBER, V. 2011. “Why don’t

consumers care about CSR?”: A qualitative study exploring the role of CSR in consumption
decisions. Journal of business ethics, 104, 449-460.

YUAN, R,, LI, C, LI, N., KHAN, M. A, SUN, X. & KHALIQ, N. 2021. Can mixed-
ownership reform drive the green transformation of SOEs? Energies, 14, 2964.

SHAO, Y., XU, K. & SHAN, Y. G. 2024. Leveraging corporate digitalization for green
technology innovation: The mediating role of resource endowments. Technovation, 133,
102999.

REN, X., ZENG, G. & SUN, X. 2023. The peer effect of digital transformation and corporate
environmental performance: empirical evidence from listed companies in China. Economic
Modelling, 128, 106515.

MUROZ DE BUSTILLO LLORENTE, R. 2024. A critical review of the digital and green
twin transitions: Implications, synergies and trade-offs.

CHEN, X., HUANG, Y. & GAO, Y. 2024. Can urban low-carbon transitions promote
enterprise digital transformation? Finance Research Letters, 59, 104807.

LIN, K., ZHANG, X. & HOU, J. 2023. Evaluation of China’s provincial digital economy
development level and its coupling coordination relationship. PLoS One, 18, ¢0288614.
BARNEY, J. 1991. Firm resources and sustained competitive advantage. Journal of
management, 17, 99-120.

TEECE, D. J., PISANO, G. & SHUEN, A. 1997. Dynamic capabilities and strategic
management. Strategic management journal, 18, 509-533.

CHEN, J. & SHEN, L. 2024. A Synthetic Review on Enterprise Digital Transformation: A
Bibliometric Analysis. Sustainability, 16, 1836.

YU, Y., REN, F, JU, Y., ZHANG, J. & LIU, X. 2024. Exploring the role of digital
transformation and breakthrough innovation in enhanced performance of energy enterprises:
fresh evidence for achieving sustainable development goals. Sustainability, 16, 650.
CHEN, X. & YANG, X. 2022. The Impact of Digital Economy Development on the
Industrial Structure Upgrading: A Study Based on Grey Relational Entropy and Dissipative
Structure Theory. Frontiers of Economics in China-Selected Publications from Chinese
Universities, 17, 58-86.

HUANG, X., WANG, Y., CHEN, Y. & HU, Z. 2024. Green technology innovation and
enterprise performance: An analysis based on causal machine learning models.
Sustainability, 16, 2309.

WANG, S. & LI, J. 2023. Does digital transformation promote green and low-carbon
synergistic development in enterprises? A dynamic analysis based on the perspective of
Chinese listed enterprises in the heavy pollution industry. Sustainability, 15, 15600.
HONG, W. 2024. Digital Transformation and High-Quality Development of Enterprises:
Evidence from China. Transactions on Economics, Business Management Research, 5,284-
298.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

The Impact of the Dual Synergy of Digital Transformation and ... 479

SONG, W. & YU, H. 2018. Green innovation strategy and green innovation: The roles of
green creativity and green organizational identity. Corporate Social Responsibility
Environmental Management, 25, 135-150.

SUN, A. 2024. Enterprise digital transformation and environmental performance: based on
the intermediary effect of green innovation. Journal of Cases on Information Technology,
26, 1-22.

LIU, X.-M. & ZHANG, Y.-Q. 2024. RETRACTED ARTICLE: Digital transformation,
green innovation, and carbon emission reduction performance of energy-intensive
enterprises. Scientific Reports, 14, 3905.

HSIEH, C.-T. & KLENOW, P. J. 2009. Misallocation and manufacturing TFP in China and
India. The Quarterly journal of economics, 124, 1403-1448.

HE, Q., RIBEIRO-NAVARRETE, S. & BOTELLA-CARRUBI, D. 2024. A matter of
motivation: the impact of enterprise digital transformation on green innovation. Review of
Managerial Science, 18, 1489-1518.

DYATLOV, S. A., DIDENKO, N. I, LOBANOV, O. S. & KULIK, S. V. Digital
transformation and convergence effect as factors of achieving sustainable development.
IOP Conference Series: Earth and Environmental Science, 2019. IOP Publishing, 012102.
MUBARAK, M. F., TIWARL S., PETRAITE, M., MUBARIK, M. & RAJA MOHD RASI,
R. Z. 2021. How Industry 4.0 technologies and open innovation can improve green
innovation performance? Management of Environmental Quality: An International Journal,
32,1007-1022.

ROBERTS, P. W. & DOWLING, G. R. 2002. Corporate reputation and sustained superior
financial performance. Strategic management journal, 23, 1077-1093.

MCGUIRE, J. B., SCHNEEWEIS, T. & BRANCH, B. 1990. Perceptions of firm quality: A
cause or result of firm performance. Journal of management, 16, 167-180.

MARDIANA, A. 2021. The impact of corporate reputation on the cost of equity as mediated
by earnings quality. ATESTASI: Jurnal llmiah Akuntansi, 4, 217-229.

PISKIN, A. & KAMANLI, A. 1. 2020. The financial performance-corporate reputation
Nexus in Turkey in the institutional theory context. Dogus Universitesi Dergisi, 21, 117-
132.

VERGIN, R. C. & QORONFLEH, M. W. 1998. Corporate reputation and the stock market.
Business Horizons, 41, 19-27.

SHAHEEN, S., BHATTI, A. & NISAR, Q. A. 2017. Do attributes of celebrity influence
corporate loyalty and corporate image? Mediating role of corporate credibility. Journal of
Management Information, 4,9-12.

RINDOVA, V. P. & FOMBRUN, C. J. 1999. Constructing competitive advantage: the role
of firm—constituent interactions. Strategic management journal, 20, 691-710.

BURKS, J. J., CUNY, C., GERAKOS, J. & GRANIJA, J. 2018. Competition and voluntary
disclosure: Evidence from deregulation in the banking industry. Review of Accounting
Studies, 23, 1471-1511.

SU, X., YANG, X., ZHANG, J., YAN, J., ZHAO, J., SHEN, J. & RAN, Q. 2021. Analysis
of the impacts of economic growth targets and marketization on energy efficiency: evidence
from China. Sustainability, 13, 4393.

BEGENAU, J., FARBOODI, M. & VELDKAMP, L. 2018. Big data in finance and the
growth of large firms. Journal of Monetary Economics, 97, 71-87.

ZHANG, R., KONG, G. & SUN, H. 2023. Can new-type urbanization promote enterprise
green technology innovation?—A study based on difference-in-differences model.
Sustainability, 15, 6147.



480 W. Xiao and D. Shi

51. GAO, J., XU, N. & ZHOU, J. 2023. Does digital transformation contribute to corporate
carbon emissions reduction? Empirical evidence from China. Sustainability, 15, 13414.

52. FANG, H., ZHANG, X. & GUO, L. 2023. Productivity effects of corporate income tax:
Evidence from China. The World Economy, 46, 1815-1842.

53. XIAO, K. How does Environment, Social and Governance Affect the Financial Performance
of Enterprises? SHS Web of Conferences, 2023. EDP Sciences, 04015.

54. XU, G., ALL, D. A. & BHAUMIK, A. 2023. Does Digital Transformation Promote
Sustainable Development of Enterprises: An Empirical Analysis of A-Share Listed
Companies. International Journal of Sustainable Development Planning, 18.

55. JIANG, K., DU, X. & CHEN, Z. 2022. Firms' digitalization and stock price crash risk.
International review of financial analysis, 82, 102196.

56. LOUGHRAN, T. & MCDONALD, B. 2011. When is a liability not a liability? Textual
analysis, dictionaries, and 10-Ks. The Journal of finance, 66, 35-65.

57. LI, P, LI, T. & YANG, Y. 2024. Analysis of the Coupling Development Mechanism of
Vocational Education and Open Education in the Information Age. Applied Mathematics
and Nonlinear Sciences, 9.

58. LI Y., XIE, H. & LIU, C. 2025. Research on Synergy Measurement and Digital Finance
Driving Mechanism of Enterprise Digital Transformation and Greening Upgrade: An
Empirical Analysis Based on the Complex System Coordination Degree Model.
Sustainability, 17, 4886.

59. ZHANG, Y. & JIANG, Y. 2021. Corporate social responsibility, organisational reputation
and liability of foreignness. South African Journal of Business Management, 52, 11.

60. LEWBEL, A. 1997. Constructing instruments for regressions with measurement error when
no additional data are available, with an application to patents and R&D. Econometrica:
journal of the econometric society, 1201-1213.

61. ZHANG, Q. & SHE, J. 2024. Digital transformation and corporate tax avoidance: An
analysis based on multiple perspectives and mechanisms. PloS one, 19, €0310241.

62. DICKINSON, V. 2011. Cash flow patterns as a proxy for firm life cycle. The accounting
review, 86, 1969-1994.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	The Impact of the Dual Synergy of Digital Transformation and Green Transformation on Enterprise Performance



