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Accelerating the digital transformation of enterprises, enabling enterprise

operation and management with digitalization, and driving green

transformation are important tasks to further promote the digital

construction of a country. Based on the text data mining method, this paper

investigates digitalization’s impact on enterprises’ green transformation and its

mechanisms, using A-share listed companies in Shanghai and Shenzhen as

research samples from 2011 to 2020. The results show that digitalization has the

effect of “inhibiting” and then “promoting” on the green transformation of

enterprises, i.e., the relationship between the two is U-shaped. The

heterogeneity analysis shows that this U-shaped relationship exists among

non-heavy polluting enterprises, eastern enterprises, main-board enterprises,

GEM enterprises, and enterprises with high digitization speed. As far the

influence mechanism, the dynamic capability acts as a partial mediator in

the relationship between digitalization and green transformation. This study

provides a useful reference for enterprises to drive sustainable development

and promote the construction of national ecological civilization.
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1 Introduction

China has implemented reform and opening-up policy for more than 40 years, and

achieved remarkable economic achievements. However, the extensive growth mode with

high energy consumption and high pollution emissions has intensified the ecological load

in China, which makes it highly urgent and arduous to solve environmental problemsWu

and Li (2022). Nowadays, the severe environmental problems push China to implement

the new development concept and promote the comprehensive green transformation,

especially the economic green transformation. The report of the 19th National Congress

of the Communist Party of China (CPC) pointed out that “it is necessary to establish and

practice the concept of Lucid Waters and Lush Mountains are invaluable assets, adhere to
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the basic national policy of saving resources and protecting the

environment,” and increase the supply of beautiful ecological

environments such as blue sky, white clouds, green land and clear

water, which is not only the aspiration of the public but also the

desire of the people’s livelihood. The United Nations

Environment Programme (UNEP) defines the green

transformation of economy as an economic model that “can

improve human welfare and social equity, and greatly reduce the

harm to the environment and ecological scarcity”. As the micro

subject of economic development and environmental protection,

the green transformation of enterprises is not only an effective

starting point for a country to promote the green transformation

of economy, but also an important object of concern for

formulating green economic policies (Dechezleprêtre et al.,

2019). Therefore, in order to realize the green transformation

of China’s economy, it is necessary to promote the green

transformation of enterprises, which is the difficulty and the key.

However, at present, there are two main problems in the

green transformation of enterprises. First, insufficient motivation.

Economic theory holds that the only purpose pursued by

enterprises is to maximize profits. As the main body for profit,

enterprises generally believe that environmental protection

investment will crowd out productive investment, and thus

lack the willingness to take the initiative to invest in

environmental protection (Tang et al., 2013). The existing

literature has studied on the basis of institutional theory,

legitimacy theory, and deterrent theory, and found that

environmental supervision (Zhai and An, 2020), compulsory

social responsibility disclosure (Wang and Ning, 2020),

energy-saving consumption incentive policy (Lei and Sun,

2021) and tax policy (Wu and Li, 2022) are the crucial paths

to drive enterprises’ green transformation, that is, to solve the

problem of insufficient motivation. Second, insufficient ability. In

the green transformation and development of enterprises, there is

a lack of technology and talent support, which leads to problems

such as difficulty in identifying environmental problems,

asymmetric information, and insufficient basis for strategic

decision-making. Most scholars think that innovative R&D is

the crucial factor in promoting enterprise transformation from

the perspective of innovation (Zhai and An, 2020; Wang, 2021),

that is, the problem of insufficient green transformation ability

can be alleviated by improving innovation ability. Under the

background of the accelerated development of the digital

economy, a few scholars began to pay attention to the

relationship between digitalization and green development. Li

J. et al. (2021) concluded that big data strategic planning and

analysis ability has significant positive effects on enterprises’

green competitiveness. Song et al. (2022) conducted research

using the text analysis method, and found that enterprise

digitalization can significantly promote green technology

innovation. Ke et al. (2022) found that information and

communications technology positively contributes to reducing

carbon dioxide emissions. However, few literatures extend the

research to green transformation and discuss the influence of

digitalization on green transformation of enterprises. In fact,

enterprises’ digitalization can help them improve efficiency,

save resources and achieve low-carbon development goals

while pursuing profits; On the other hand, it can realize the

informatization of enterprises’ green behavior and provide data

support for their scientific decision-making, that is, digitalization

can solve the problem of insufficient green transformation ability

of enterprises to a certain extent. So, can digitalization become a

new engine and new driving force to promote green

transformation of enterprises? Furthermore, how does it

promote “transformation”? This paper will carry out in-depth

research on these issues.

In order to discuss the relationship between digitalization

and green transformation of enterprises, this paper takes the

listed companies in Shanghai and Shenzhen A-shares from

2011 to 2020 as the research object and analyzes the influence

of digitalization on green transformation of enterprises using text

analysis and principal component analysis. The heterogeneity

analysis is carried out from four aspects: pollution degree, region,

listing board, and digital speed. Further, this paper examines the

intermediary role of dynamic capability. The possible

contributions of this paper are as follows: At the theoretical

level, this paper constructs a micro-level comprehensive index of

green transformation to discuss the impact of digitalization on

green transformation. We found that digitalization inhibits green

transformation when the “risk effect” of digitalization is greater

than the “benefit effect.”When the “benefit effect” of digitization

is dominant, digitization will have a promoting effect on the

green transformation of enterprises. Different from most

previous literature, this paper reveals the advantages and

disadvantages of digitalization at the same time and

innovatively adds the quadratic term of enterprise

digitalization to the model to verify the complex linear

relationship between digitalization and green transformation.

Secondly, this paper studies the mechanism of digitalization

and green transformation of enterprises with dynamic

capability as the intermediary. A feasible path for digital

influence on green transformation is proposed, deepening the

relevant theories of green transformation and upgrading of

enterprises. Finally, we discuss digitalization’s impact on

enterprises’ green transformation under different pollution

levels, regions, listing board, and digital speed. It provides an

empirical basis for the green transformation and upgrading of

different types of enterprises. At the practical level, this study is

helpful for enterprises and governments to re-examine the non-

economic performance of digitalization. Secondly, this study

helps understand the feasible mode of Chinese enterprises’

green transformation under the new normal and the vital role

of digitalization in enterprises’ green transformation. At the same

time, it provides a valuable reference for developing countries,

especially those with serious environmental problems, to digitally

drive green transformation at the micro-level.
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2 Literature review

2.1 Research on enterprise digitalization

With the rapid development of digital economy recent years,

many scholars began to carry out research from the perspective of

informatization and digitalization. On the one hand, scholars have

focused on how to distinguish enterprises’ digital transformation

strategies, so as to provide effective transformation paths for

different types of enterprises (Matt et al., 2015; Sebastian et al.,

2017; Wang and Wang, 2021). On the other hand, many scholars

pay more attention to the impact of digital transformation on

enterprises, and draw somemeaningful conclusions. First, research

on the impact of digital transformation on the internationalization

of enterprises, which includes the influence of digitalization on

corporate export behavior (Pergelova et al., 2019), firms’

willingness to internationalize (Teruel et al., 2021), and firms’

degree of internationalization (Adomako et al., 2021). Second,

research on digitization and innovation, which includes the

influence of digitization on innovation factor mismatch (Wang

H. et al., 2022) and business model innovation (Yi et al., 2021).

Third, research on digitization and green behavior. For example,

Fan et al. (2021) found an inverted U-shaped relationship between

digitization level and green agricultural development based on

inter-provincial panel data. Pang et al. (2021) found that

digitalization has a “multiplier” effect and can significantly

improve the performance of environmental management based

on inter-provincial panel data. At the micro-level, Wang F. et al.

(2022), taking A-share listed companies as a sample, found that

there is a significant invertedU-shape effect of regional digitization

level on green technology innovation of resource-based

enterprises. Wang et al. (2020) took industrial listed companies

as an example and found that financial digitization promoted the

development of green finance. At last, other scholars pay attention

to the value created by digitalization for enterprises (Huang et al.,

2021; Tan et al., 2022). However (Xiao et al., 2021), holds that in

addition to financial value, the value creation effect of enterprise

digitalization should also be reflected in non-economic value such

as environmental value, which points out the direction for the in-

depth study of the impact of digitalization on the green

transformation of enterprises.

2.2 Research on green transformation of
enterprises

The influencing factors of enterprise green transformation

have always been the focus of scholars (Chaiyapa et al., 2018; Ren

and Sun, 2020; Ren et al., 2021). Among them, Guo and Zhang

(2021) believe that the unique dynamic capability or innovation

efficiency of enterprises is an important driving force affecting

the green transformation of enterprises, and heterogeneous

characteristics such as executives’ environmental protection

experience are also indispensable elements of internal

governance for enterprises’ green transformation (Bi et al.,

2019; Sun and Ren, 2020). Yu et al. (2019b) believed that as a

unique governance body of Chinese enterprises, Party

organizations can play a very important and positive role in

the green transformation of enterprises. Scholars also believe that

in addition to the enterprise’s own dynamic capabilities or

governance ability, incentive policies, including tax incentives

(Yu et al., 2019c; Huang, 2022; Wu and Li, 2022) and energy-

saving consumption incentives (Lei and Sun, 2021), are also

essential in order to promote the green transformation of

enterprises. The improvement of external regulatory

mechanisms such as environmental regulation (Gong et al.,

2020), social responsibility disclosure (Wang and Ning, 2020),

environmental law enforcement supervision (Yu et al., 2019a)

can also effectively constrain the behavior of enterprises and

promote them to thoroughly implement the concept of green

management. Considering that green transformation cannot be

separated from a large number of new investments,

strengthening green financial support (Chen et al., 2021) can

effectively increase enterprise financial support, reduce financing

costs, and finally effectively promote enterprise green

transformation.

In addition to the research on influencing factors, other

scholars believe that the evaluation and measurement of the

green transformation is also the focus that the academia should

pay attention to. These studies mainly includes four aspects: First,

from the contribution perspective, the contribution of green total

factor productivity to economic growth, the share of high

environmental efficiency industries, etc., is often seen as a

measure of the transformation of the development mode (Fu

and He, 2021). Second, from the decoupling perspective, when

the intensity of environmental pressure and resource

consumption is slower than the industrial growth rate, it

means that the industry has achieved green transformation

and upgrading (Lu et al., 2013). Third, from the perspective of

total factor productivity, the degree of transformation is

calculated by constructing an efficiency model containing

unexpected outputs, which is regarded as the level of the

green transformation (Fu and He, 2021). Fourth, from a

systemic perspective, the interaction between the scale,

structure and efficiency of industry and its environment is the

necessary foundation for realizing green transformation. The

degree of green transformation can be comprehensively

evaluated by constructing an index system. In order to

evaluate and measure the macro-level green transformation,

many academics are currently using the directional function

DDF (directional distance function), the non-radial SBM

(Slack Based Model), and the environment RAM (Range

Adjusted Measure) model of DEA (Data envelopment

analysis) method. However, in terms of micro-level

measurement of green transformation, because the Chinese

government has not given specific requirements for
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enterprises to publicly disclose environmental information, and

enterprises have a great choice in disclosure content, disclosure

form, and disclosure quality (Kong et al., 2021), green

productivity and green patent are usually used to approximate

the green transformation of enterprises, and the samples are

often limited to industrial enterprises. Considering the

shortcomings of these methods, Kong et al. (2021) constructs

a comprehensive index of enterprise green transformation by

selecting indicators from seven dimensions, which is more

scientific and reasonable to unify environmental liabilities and

environmental performance in one framework.

3 Theoretical analysis and research
hypothesis

The information industry, represented by 5G, big data,

artificial intelligence, and the Internet of Things, continues to

integrate deeply with all aspects of enterprise development. The

digital economy, as an advanced form of economic and social

development, plays a vital role in adjusting enterprise

development strategies, changes in human resources structure,

knowledge of technological innovation, and green governance.

According to environmental adaptation theory, drastic

changes in the external environment inevitably require

enterprises to respond timely. Currently, enterprises are in a

brand-new external environment, that is, digital development.

However, at present, Chinese enterprises still face problems such

as over-reliance on resources, low technology level, and weak

innovation foundation, which determines that they must quickly

integrate into the new environment to obtain external factors

related to the survival and development of the enterprises (Wang

F. et al., 2022). Digitalization, as a kind of resource input or even

innovation activity, is bound to face certain market risks (Xiao

et al., 2021). In the short term, enterprises implementing

digitalization need to increase investment in machine learning,

and the employment of highly skilled personnel, etc., which

would cost a large number of funds, incur high learning costs

(Yu et al., 2017), and derive high management costs (Qi and Cai,

2020). Additional investment and cost would crowd out R&D

innovation and environmental protection investment to a certain

extent (Liu et al., 2022), exerting bad influence on the renewal of

environmental protection equipment and the use of

environmental materials, which negatively affects corporate

efficiency and green governance. Moreover, acquiring

knowledge and technology does not happen overnight and

depends to some extent on its absorptive capacity. Thus, the

early investment in enterprise digitalization may not necessarily

produce rapid and significant returns. That is to say, enterprise

digitalization would exert bad influence to green transformation

due to cost and risk reasons.

However, for the growth and survival of enterprises

themselves, digital transformation can bring them lasting

vitality. Firstly, from the perspective of economic

performance improvement, the unique rhythm and operation

track of digital technology will enable enterprises to carry out

innovative transformation behavior, and then bring

improvement to economic performance (Chen et al., 2019).

And the increase in performance can make companies increase

their investment in social responsibility and prompt them to

engage in green governance. Secondly, from the perspective of

environmental performance improvement, on the one hand,

digitalization has the potential to improve environmental

performance. By using appropriate detection, visualization,

and analysis techniques, the energy consumption and

pollution in the process of product manufacturing can be

effectively reduced (Belhadi et al., 2020), changing from end-

management to source-management. On the other hand,

digitalization can effectively improve the intelligence of

enterprises and promote enterprises to allocate resources

efficiently. It can also make the enterprise management more

refined, and then optimize the production process, improve the

production process and improve the pollution control

technology and pollution treatment capacity, so as to reduce

the pollution emissions in the production process and help the

enterprise realize the green transformation. Thirdly, from the

perspective of business model updating, digitalization helps

enterprises break the inherent path dependence or traditional

business model. For example, we can rely on the operating

system in the digital platform to improve work efficiency, and

use the e-commerce platform to expand business channels.

Through the analysis of consumer behavior data, consumers’

preferences can be known, thus providing conditions for

accurately pushing enterprise products information and

realizing accurate push and green marketing. In addition,

with the support of data value chain and flexible

manufacturing system, enterprises can increase the

proportion of product customization, reduce delivery cost,

reduce inventory and waste, and realize the leap from

service-oriented transformation to green transformation (Li

and Wang, 2020). Fourthly, from the perspective of

information and knowledge acquisition, digitalization can

enable enterprises to obtain a large amount of external

information and knowledge, significantly improve their

information processing capabilities, and promote the flow

and sharing of information and knowledge within enterprises

(Shen and Yuan, 2020), making the communication and

collaboration between enterprises more environmentally

friendly. In addition, digitalization also increases the

knowledge reserve of green technology innovation of

enterprises and promotes green innovation of enterprises.

Fifthly, from the perspective of environmental problem

identification, enterprises of digitalization can quickly identify

their own environmental problems through digital intelligent

technology. For example, we can use intelligent algorithms, big

data and other technical means to calculate all links of enterprise
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management, and find a feasible path that takes into account

economic development and green governance. That is to say,

enterprise digitalization would do good to green transformation

due to above benefits it bring to enterprises.

The above analysis shows that enterprise digitalization has

both risk and benefit effects on green transformation of

enterprises. When the former dominates, it inhibits the green

transformation of enterprises due to crowding out resources

beneficial to green governance. However, when the latter

dominates, it will benefit enterprise green transformation due

to the ability to improve economic performance and

environmental performance, update business models, improve

the efficiency of information and knowledge acquisition, and

better identify ecological issues. Generally, because digitalization

takes a certain time to produce benefits, the risk effect will be

greater than the benefit effect in the early stage of digitalization.

As time goes on, the effect of knowledge accumulation and

resource integration will gradually appear, and the benefit

effect will gradually exceed the risk effect.

Based on the above analysis, hypothesis H1 can be put

forward: Digitalization has the effect of inhibiting and then

increasing enterprises’ green transformation, i.e., the

relationship between the two is U-shaped.

4 Research design

4.1 Sample and data sources

China is the most populous developing country in the world.

Its economy is developing rapidly but its environmental

problems are serious to some extent, which is typical in

developing countries. Thus, this paper takes China’s

enterprises listed in Shanghai and Shenzhen A-shares from

2011 to 2020 as the research samples. ST, *ST, PT, and

enterprises with missing data are excluded; financial and

insurance companies are excluded, and sample data before

listing are excluded. The data sources are mainly CSMAR,

WIND, and CCER databases. In addition, referring to practice

of Song et al. (2018), we obtained the annual reports of

enterprises from the Cninfo Information Website. We crawled

digital keywords through Python to build the digital

transformation index of enterprises. Finally, we obtained

1922 enterprises with 10,024 observations.

4.2 Research model

To empirically examine the impact of enterprise

digitalization on green transformation, this paper develops the

following model:

GTi,t � α0 + α1Digitali,t + Controli,t +∑Year + εi,t (Model 1)

Given the possible non-linear relationship between

enterprise digitalization and green transformation, this paper

draws lessons from the model construction of Chen and Tian

(2021) and further adds the squared term of digitalization to

Model 1 to establish the Model 2:

GTi,t � α0 + α1Digitali,t + α2Digital2 i,t + Controli,t +∑Year

+ εi,t

(Model 2)

4.3 Variable selection

4.3.1 Dependent variable: Green transformation
Drawing on the experience of Kong et al. (2021), this paper

constructs an index system to measure the green transformation

of listed companies from seven dimensions: environmental

management, environmental certification, environmental

information disclosure carrier, environmental liabilities,

environmental performance and governance, environmental

responsibility, and green innovation, as shown in Table 1.

Firstly, the principal component analysis was conducted on

the seven dimensions, and 24 items with a uniqueness of less

than 0.55 were screened out from 33 items; secondly, KMO and

Bartlett tests are carried out to test its effectiveness: if the KMO

value is more significant than 0.8, it means high effectiveness; If

the value is between 0.6 and 0.8, the validity can be accepted; If

the value is less than 0.6, the effectiveness is poor (Li B. et al.,

2021). If the significance level of the Bartlett test of sphericity less

than 0.05, the original hypothesis would be rejected, indicating

that the principal component analysis model is well constructed

as a whole (Huo and Liu, 2017). The KMO value of the

comprehensive index of green transformation in this paper is

0.87, which is greater than 0.6, and the p-value of Bartlett’s

spherical test is 0.00, which indicates that the index construction

method is reasonable. Finally, the comprehensive index of green

transformation is obtained through the calculated factor scores.

GT � 0.2942
0.6405

× f1 + 0.0757
0.6405

× f2 + 0.0638
0.6405

pf3 + 0.0590
0.6405

× f4+

0.0523
0.6405

× f5 + 0.0506
0.6405

× f6 + 0.0449
0.6405

× f7 (1)

4.3.2 Independent variable:Enterprise
digitalization

In this paper, the steps to construct the degree of digitization

are as follows: first, we use the “word list method” to filter specific

texts to construct a digitization word list, including “digital,”

“digital marketing,” “5G,” “Internet of Things,” “big data” and

“blockchain,” etc. Secondly, Python is used to crawl the annual

reports of listed companies on the Cninfo Information Website.

The jieba word splitting tool is used to split the text and eliminate
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TABLE 1 The green transformation evaluation system.

Type Projects Scoring
instructions

Type Projects Scoring
instructions

Environmental
Management

Environmental protection
concept

Disclosure: 2 points Environmental
Liabilities

Wastewater emissions

Environmental management
regime system

COD emissions

Environmental protection
special action

Not disclosed:
0 points

SO2 emissions

Environmental protection time
emergency mechanism

Soot and dust emissions Qualitative: 1
point

Environmental
Certification

Key pollution monitoring units Yes: 2 points Industrial solid waste
emissions

Quantitative: 2
points

Pollutant emissions meet the
standard

Environmental
Performance and
Governance

Exhaust gas emission
reduction treatment

Environmental Violations Wastewater abatement
treatment

Whether through
ISO24002 certification

No: 0 points Soot and dust management

Whether through the
ISO9002 certification

Solid waste utilization and
disposal

Environmental
Information Disclosure
Carriers

Annual Reports of Listed
Companies

Disclosure: 2 points Environmental
Responsibility

Whether to disclose
environmental and sustainable
development

Yes: 2 points

No: 0 points

Social Responsibility Report Not disclosed:
0 points

Green Innovation Whether it has a green
invention patent

Qualitative: 1 point

Environmental Report Whether it has a green utility
model patent

Quantitative:
2 points

FIGURE 1
Digitized word frequency map.
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the deactivated words to take the frequency of the keywords in

the digitized word list in the annual reports. Finally, the

37 keywords with a uniqueness of less than 0.55 were filtered

by principal component analysis, and the comprehensive index

of enterprise digitalization was calculated. Figure 1 shows the

word frequency graph of enterprise digitization. During the

sample period, the higher frequency of words appearing in the

annual reports of listed companies is intelligence, network,

information technology, and the Internet. Over the years, the

digital word frequency has been on the rise. It shows that China’s

listed companies have paid more attention to all-around

digitalization in recent years instead of just staying in

conventional technologies such as network and information

technology.

4.3.3 Mediator variable: Dynamic capacity
Drawing on the measurement method of Zhao et al. (2012),

this paper measures the dynamic capabilities of enterprises in

the following four dimensions. (1) The R&D expenditure ratio,

this indicator reflects enterprises’ importance to knowledge and

innovation. It is an important way to form dynamic capability,

which is measured by the ratio of R&D expenditure to total

assets of enterprises (Zhao et al., 2012). (2) The proportion of

employees with a bachelor’s degree or above, this indicator

reflects the quality of the company’s employees to a certain

extent and has an essential impact on the company’s ability to

perceive, acquire and reconstruct, and is measured using the

proportion of employees with bachelor’s degree or above to the

total number of employees. (3) The ratio of technical

employees, which to some extent reflects the core

competitiveness of the enterprise, is measured using the

proportion of technical employees to total employees. (4)

The return on assets, which reflects the firm’s resource

utilization and management level and highlights the firm’s

ability to integrate and allocate resources, is measured using

the sum of total profits and financial expenses divided by the

average total assets. Finally, the score table of the four

dimensions is transformed, the mean value is taken, and the

score is positively correlated with the dynamic ability of the

enterprise.

4.3.4 Control variables
In order to avoid missing variables that may cause errors in

the regression results of the model, this paper sets control

TABLE 2 Variables definition.

Variable type Variables Variable
symbols

Variable description

Dependent
variable

Green Transformation GT Twenty-four items were composed of 7 dimensions environmental management, environmental
certification, environmental information disclosure carriers, environmental liabilities,
environmental performance and governance, environmental responsibility, and green innovation.
For non-monetized information, a score of 2 was assigned if one of the items was disclosed, and
0 otherwise; for monetized information, a score of 1 was assigned for qualitative description and
2 for quantitative description. Through principal component analysis of 24 items, a
comprehensive index of green transformation is obtained.

Independent
variable

Enterprise Digitalization Digital We analyzed 37 keywords in the annual reports of listed companies, such as “digital”, “digital
marketing”, “5G”, “Internet of Things”, “big data” and “blockchain”, and then calculated the
comprehensive digital indicators

Mediator variable Dynamic Capabilities DC Standardize four indicators, including the R&D expenditure ratio, the proportion of employees
with a bachelor’s degree or above, the ratio of technical employees, and the rate of return on assets,
and then take the combined average.

Control variables Enterprise size Size ln (net fixed assets +1)

Enterprise age Age ln (current year - year of launch +1)

Financial leverage Lev Total liabilities/Total assets

Profitability ROA Net profit/Total assets

Growth Capacity Growth (Operating income in year t+1 - Operating income in year t)/Operating income in year t

Cash holdings Cash Monetary funds/Total assets at the end of the period

Supervisory Board Size Board ln (number of supervisory board +1)

Percentage of female
executives

FE Number of female executives/Total number of executives

Shareholding
Concentration

Top10 The sum of the shareholding ratio of the top 10 major shareholders of the company

Annual Year Annual dummy variables to control for the impact of macro-environmental changes
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variables at the company and governance levels. Table 2 shows

the definition of each variable.

At the firm level, firm size, age, financial leverage, growth

capacity, and cash holdings are selected to control. (1) Enterprise

size. The larger an enterprise is, the more attention it receives and

the more media reports it (Stanny and Ely, 2008), which leads it

to pay more attention to environmental protection. Therefore,

the scale may affect the preference of enterprises for green

transformation. (2) Age of the enterprise. Generally speaking,

the capital and technology accumulated by the long-term

operation of enterprises provide technology and capability

guarantees for the success of clean technology innovation of

enterprises (Dong et al., 2021), which may affect the green

transformation of enterprises. (3) Financial leverage. Financial

leverage represents an enterprise’s ability to repay debt.

Enterprises with high financial leverage are more inclined to

disclose carbon emission information, especially the details of the

increase in corporate debt caused by the reduction of carbon

emissions (Ferguson et al., 2002). (4) Profitability. Enterprises

with higher profitability are more inclined to disclose their

emission information (Belkaoui, 1976), and green information

disclosure is an essential basis for judging the green

transformation of enterprises. Therefore, it is controlled. (5)

Growth ability. Companies with high growth ability are better

able to achieve corporate social responsibility (Ben-Amar et al.,

2017), thus promoting the green transformation of enterprises.

(6) Cash holdings. We believe that cash holdings may affect the

green innovation ability of enterprises and thus the level of green

governance of enterprises.

At the governance level, the size of the supervisory board, the

percentage of female executives, and shareholding concentration

are selected to control. (1) The size of the board of supervisors.

Corporate management and supervisory board members, as the

core of management, supervision and providing information and

advisory services to the company, may influence corporate green

transition decisions (Bi et al., 2019), and we control it. (2) The

proportion of female executives. We believe that female

executives may be more conservative in strategic decision-

making and corporate governance, thus affecting the

effectiveness of green transformation. (3) Shareholding

concentration. Too much equity concentration may be

detrimental to developing enterprises’ green innovation

capability (Wang F. et al., 2022), so we control it.

5 Empirical results

5.1 Descriptive statistics

Table 3 shows the results of descriptive statistical analysis of

the variables. Among them, the mean value of green

transformation (GT) is 0.130, the minimum value is −2.153,

the maximum value is 3.561, and the median value is 0.021,

which indicates the effectiveness of the current green

transformation of each listed company in China varies greatly.

The overall degree of green transformation needs to be

strengthened. The mean, minimum and maximum values of

enterprise digitalization (Digital) are 0.009, −0.838, and 11.267 in

order, which also shows that the digitalization level of each listed

company and its subsidiaries varies greatly. Other control

variables show significant differences in different listed

companies, reflecting a good sample distribution.

5.2 Correlation analysis

The correlation coefficient matrix is visualized in this paper,

and Figure 2 shows the correlation clustering heat map. The

TABLE 3 Descriptive statistics.

Variables Sample
size

Average
value

Standard
deviation

Minimum
value

Lower
quartile

Median Upper
quartile

Maximum
value

GT 10,024 0.130 0.548 −2.153 −0.317 0.021 0.423 3.561

Digital 10,024 0.009 0.337 −0.838 −0.102 −0.079 0.002 11.267

DC 10,024 0 0.655 −2.326 −0.407 −0.133 0.245 8.177

Size 10,024 22.194 1.299 19.087 21.275 22.018 22.900 27.468

Age 10,024 1.987 0.929 0 1.386 2.303 2.773 3.332

Lev 10,024 0.427 0.204 0.030 0.264 0.418 0.579 1.063

ROA 10,024 0.037 0.073 −0.620 0.014 0.038 0.069 0.209

Growth 10,024 0.146 0.435 −0.736 −0.034 0.092 0.229 6.444

Cash 10,024 0.177 0.122 0.005 0.092 0.144 0.228 0.762

Board 10,024 1.494 0.201 1.099 1.386 1.386 1.609 2.303

FE 10,024 0.150 0.151 0 0 0.125 0.250 0.667

Top10 10,024 0.597 0.154 0.200 0.484 0.607 0.717 0.916
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higher the correlation in the heat map, the closer the color of the

heat point is to dark red. First, the explanatory variables show

some correlations among themselves, and the correlations among

certain variables are also more significant. For example,

enterprise age (Age) has a strong negative correlation with

ownership concentration (Top10), and enterprise size (Size)

has a strong positive correlation with financial leverage, with

correlation coefficients of −0.48 and 0.50, respectively. However,

the correlation coefficients of all variables do not exceed 0.6,

indicating that the selected variables do not form a

multicollinearity problem. Secondly, Digital and Green

Transformation show a negative correlation, which means that

the digitalization of enterprises may show a weak inhibitory effect

on Green Transformation. Further, it is shown that there may be

a simple linear relationship between the two. In terms of control

variables, enterprise size (Size), age (Age), financial leverage

(Lev), profitability (ROA), supervisory board size (Board), and

Shareholding concentration (Top10) are all positively correlated

with green transformation. It is also important to note that we

cluster all indicators, which are broadly divided into two

categories as shown by the figure, and these indicators have a

relatively consistent trend and good correlation across all firms.

5.3 Baseline regression results

Table 4 shows the regression analysis results of enterprise

digitalization on green transformation. Columns (1) (2) are tests

of the linear relationship between digitization and green

transformation, i.e., Model 1. Regardless of the inclusion of

control variables, enterprise digitization has a significant

inhibitory effect on green transformation, with significantly

negative coefficients at the 1% level. To investigate whether

there is a non-linear relationship between the two (i.e., Model

2), columns (3) and (4) show that the coefficient of the primary

term is still significantly negative and the coefficient of the second

term is significantly positive after adding the squared term of

digitalization. It shows that the impact of enterprise digitalization

on green transformation is a “U” relationship, which proves

hypothesis H1. To some extent, it shows that the digitalization of

enterprises needs to reach a certain stage in order to play active

role in helping enterprises to make green transformations.

In terms of control variables, firm size (Size), profitability

(ROA), and supervisory board size (Board) are significantly and

positively associated with enterprise green transformation in

columns (1)–(8). It indicates that the larger the overall size,

FIGURE 2
Correlation clustering heat map.
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supervisory board size, and higher profitability, the higher the

level of green transformation in enterprise. This may be since

large enterprises have more good resource advantages and more

robust profitability than small enterprises. At the same time, the

supervisory board directly influences the management and

decision-making of enterprises, which in turn affects the scale

of green investment in enterprises. It ultimately has a significant

positive effect on the green transformation of enterprises. In

contrast, corporate age (Age) and cash holdings (Cash) are

significantly and negatively related to corporate green

transformation in columns (1)–(8), indicating that the level of

green transformation is lower in companies with higher age and

higher cash holdings. This may be because older firms have

relatively solidified internal management and do not pay enough

attention to green. Despite having higher cash holdings, they do

not invest enough in green governance, leading to their lower

level of green transformation.

For robustness reasons, this paper also performs Propensity

score matching (PSM) of the samples year by year to alleviate the

sample selection problem. Columns (5)–(8) show the regression

results after PSM sample matching, which are consistent with the

trend of the benchmark test. Again, hypothesis H1 is proved.

5.4 Heterogeneity test

In order to investigate the asymmetric impact of

digitalization on the effect of green transformation at the

individual level, this paper explores the impact of

digitalization on different types of enterprises by examining

TABLE 4 Baseline test and PSM post-match test.

Baseline test After PSM sample matching

(1) (2) (3) (4) (5) (6) (7) (8)

GT GT GT GT GT GT GT GT

Digital −0.055*** −0.075*** −0.107*** −0.143*** −0.116*** −0.145*** −0.239*** −0.274***

(−3.81) (−5.20) (−4.42) (−5.98) (−3.56) (−4.55) (−4.55) (−5.31)

Digital2 0.008*** 0.011*** 0.055*** 0.058***

(2.68) (3.56) (2.98) (3.17)

Size 0.095*** 0.096*** 0.107*** 0.108***

(12.81) (12.98) (9.77) (9.87)

Age −0.028*** −0.029*** −0.040** −0.039**

(−3.02) (−3.05) (−2.36) (−2.32)

Lev −0.068* −0.071** −0.092 −0.093*

(−1.92) (-1.99) (−1.64) (−1.67)

ROA 0.186*** 0.182*** 0.217** 0.219**

(3.14) (3.06) (2.11) (2.13)

Growth 0.014* 0.015* 0.002 0.004

(1.83) (1.88) (0.16) (0.26)

Cash −0.121*** −0.121*** −0.283*** −0.285***

(−2.93) (−2.93) (-3.91) (−3.94)

Board 0.215*** 0.215*** 0.286*** 0.277***

(5.71) (5.71) (5.35) (5.17)

FE −0.008 −0.010 −0.015 −0.016

(−0.21) (−0.25) (−0.24) (−0.27)

Top10 −0.120** −0.120** −0.085 −0.080

(−2.46) (−2.46) (−1.14) (−1.07)

_cons −0.167*** −2.376*** −0.171*** −2.407*** −0.198** −2.766*** −0.207*** −2.782***

(−7.24) (−15.98) (−7.42) (−16.20) (−2.47) (−12.31) (−2.58) (−12.41)

Control variables No Yes No Yes No Yes No Yes

Year Yes Yes Yes Yes Yes Yes Yes Yes

R2 0.133 0.132 0.133 0.132 0.110 0.111 0.110 0.111

N 10,024 10,024 10,024 10,024 4,150 4,150 4,150 4,150
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heterogeneity in four aspects: pollution level, regional

distribution, listed board category, and speed of digitalization.

5.4.1 Differences in the degree of pollution
The implementation of enterprise digitalization needs to

consider the differentiated results resulting from different

situations within each enterprise. The degree of pollution

emission varies significantly from industry to industry due to

differences in the process flow, product attributes, and

environmental requirements. Heavy polluting industries are

often characterized by high pollution, high energy

consumption, and high emissions compared with other

industries. The listed companies in this industry are more

subject to control and supervision by the state and the public.

According to the “List of Listed Companies’ Environmental

Verification Industry Classification and Management”

(Environmental Protection Office Letter [2008] No. 373) and

“Guide to Environmental Information Disclosure for Listed

Companies” (2020): 16 categories of industries, such as thermal

power, iron, and steel, cement, electrolytic aluminum, coal,

metallurgy, chemical, petrochemical, building materials, paper,

brewing, pharmaceutical, fermentation, textile, tannery, and

mining are heavy polluting industries. In this paper, we refer to

the study of Tang et al. (2013) and combine the China Securities

Regulatory Commission industry classification (2012) to define the

corresponding enterprises as the sample of heavy polluters.

Columns (1) (2) of Table 5 show the regression analysis

results for the heavily polluting and non-heavily polluting firms.

The regression results show that the squared digital term

(Digital2) is significantly positive at the 5% level for the non-

heavily polluting firms in column (2). At the same time, Digital2

is not significant for the heavily polluting firms. It indicates that

digitalization’s U-shape effect on green transformation only

holds in non-heavily polluting firms.

5.4.2 The impact of geographical distribution
China has a diverse regional economic model, and the

specificity of the regional economy is more prominent due to

the national industrial layout (Kong et al., 2021). Accordingly,

the geographical distribution may significantly impact the level

of economic development, which affects the digital

transformation of enterprises and its effect. In this paper, the

country is divided into three regions, namely, the eastern,

central, and western regions (only A-share listed companies are

considered), based on the differences in geographic location and

economic development levels. The specific classification details are

as follows: The Eastern region includes Liaoning, Beijing, Tianjin,

Shanghai, Shandong, Hebei, Jiangsu, Zhejiang, Fujian, Guangdong,

Guangxi, and Hainan, totaling 12 provinces; The Western region

includes Chongqing, Sichuan, Yunnan, Guizhou, Tibet, Shaanxi,

Gansu, Qinghai, Ningxia, and Xinjiang, totaling ten provinces; The

Central region includes Heilongjiang, Jilin, Shanxi Inner Mongolia,

Anhui, Henan, Hubei, Hunan, Jiangxi, a total of nine provinces.

Columns (3)–(5) of Table 5 show the regression analysis

results of the association between digitalization and green

transformation of enterprises in different regions. In column

(3), the coefficient of the squared term of digitalization (Digital2)

for enterprises in the central-eastern region is 0.032 and

significant at the 1% level. In contrast, the corresponding

Digital2 for enterprises in the central and western regions is

TABLE 5 Heterogeneity test.

Heavy
pollution

Non-
heavily
polluted

East Middle West SME
board

Mainboard GEM High
digital
speed

Low
digital
speed

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

GT GT GT GT GT GT GT GT GT GT

Digital −0.191* −0.096*** −0.173*** −0.149** −0.149* −0.103*** −0.194*** −0.254*** −0.089*** −0.368**

(−1.83) (−4.11) (−5.40) (−2.00) (−1.66) (−3.09) (−4.87) (−3.20) (−3.62) (−2.53)

Digital2 0.030 0.006** 0.032*** 0.009 0.012 0.006 0.018*** 0.175*** 0.006** 0.132

(0.98) (2.28) (2.86) (1.31) (1.28) (1.64) (3.21) (4.24) (1.98) (1.49)

_cons −3.554*** −2.038*** −2.379*** −2.357*** −2.882*** −1.659*** −2.578*** −0.932 −3.047*** −3.347***

(−10.71) (−13.16) (−13.86) (−5.46) (−6.89) (−5.76) (−13.37) (−1.52) (−17.08) (−12.31)

Year Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

R2 0.153 0.135 0.129 0.134 0.186 0.111 0.156 0.119 0.141 0.100

N 3,074 6,950 7,154 1,468 1,402 3,024 6,182 748 7,325 2,699

chow-
test

32.26*** (1)
and (2)

2.98*** (3)
and (4)

1.73** (4)
and (5)

2.89*** (3)
and (5)

2.36*** (6)
and (7)

4.81*** (7)
and (8)

5.01*** (6)
and (8)

2.95*** (9)
and (10)
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not significant. Further, the chow test shows that the differences

in the estimated coefficients between regions are significant,

indicating that the company’s region strongly influences the

relationship between digitalization and green transformation.

5.4.3 Impact of different listing boards
According to the previous baseline regression, firm size

significantly positively affects green transformation. This

section will further test the association between digitalization

and green transformation by sub-sample from the category of

listed boards. China has built a multi-level stock market, which

mainly includes the main-board market, the SME board market,

and the GEM board market. Drawing on the study of Liu (2020),

this paper approximates the mainboard market as the main

venue for listing large firms, the SME board as the main

venue for listing SMEs, and the GEM as the main venue for

listing high-tech SMEs based on the characteristics of different

stock markets.

Columns (6)–(8) of Table 5 show the regression analysis

results of the association between digitalization and green

transformation under different listed boards. It can be seen

that the regression coefficients of digitalization square term

(Digital2) of enterprises in the main-board and GEM samples

in columns (7) (8) are 0.018 and 0.175, respectively, both of

which are significant at the 1% level. In contrast, the coefficient of

Digital2 is not significant in the SME board sample, but the

coefficient of the primary term is −0.103, which is significantly

negative at the 1% level. This suggests that the digitalization of

SMEs inhibits their green transformation.

5.4.4 Impact of digital speed differences
In fact, the speed of digitization will affect enterprises’ access

to the knowledge and information needed for the green

transformation. Rapid digitization can help companies

acquire, develop and exploit strategic resources such as new

technologies, knowledge, brands, and marketing channels in the

TABLE 6 Covariate balance test.

Variables Sample matching Average value Standard deviation
(%)

t-value p-value

Experimental group Control group

Size t-1 Before matching 22.218 22.215 7.2 3.30 0.001
After matching 22.215 22.202 1.0 0.48 0.634

Age t-1 Before matching 1.953 2.045 −10.1 −4.64 0
After matching 0.419 0.036 −1.0 −0.45 0.656

ROA t-1 Before matching 0.042 0.036 10.2 4.68 0
After matching 0.043 0.043 −0.6 −0.31 0.755

Growth t-1 Before matching 0.188 0.143 9.9 4.54 0
After matching 0.182 0.177 1.1 0.56 0.573

Cash t-1 Before matching 0.188 0.165 19.0 8.70 0
After matching 0.187 0.187 −0.2 −0.08 0.935

Top10 t-1 Before matching 0.604 0.578 16.6 7.67 0
After matching 0.604 0.603 0.5 0.27 0.788

FIGURE 3
Kernel density function plot before and after matching.
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international markets (Dunning, 1994), thus enhancing their

green innovation capabilities and market competitiveness.

Considering that the speed of digitization may affect the

correlation between the degree of digitization and green

transformation of enterprises, we divide the digitization speed

by the annual industry median in this part. Digitization speed is

the number of digitized words in the current year minus the

number of digitized words in the previous year after taking the

logarithm. If the digitization speed of a company is higher than

the annual industry median, it is in the high digitization speed

group; otherwise, it is in the low digitization speed group.

Columns (9)–(10) of Table 5 show the regression results of

the association between digitization and green transformation of

firms at different digitization speeds. In column (9), the digital

squared term (Digital2) coefficient for high digital speed firms is

0.006 and significant at the 5% level, while the coefficient of

Digital2 for low digital speed firms is not significant. It indicates

that the U-shape effect of digitalization on green transformation

only holds in high digital speed firms.

5.5 Robustness test

5.5.1 PSM method
We adopt the PSM method for robustness testing,

considering the sample selection bias problem. In this paper,

TABLE 7 Heterogeneity test after PSM.

Heavy
pollution

Non-
heavily
polluted

East Middle West SME
board

Mainboard GEM High
digital
speed

Low
digital
speed

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

GT GT GT GT GT GT GT GT GT GT

Digital −0.325** −0.152*** −0.291*** −0.141 −0.089 −0.206** −0.297*** −0.396*** −0.205*** 0.431

(−1.97) (−3.02) (−5.21) (−0.77) (−0.28) (−2.57) (−3.91) (−3.05) (−3.99) (1.34)

Digital2 0.060 0.031 0.072*** 0.012 −0.344 0.027 0.061** 0.235*** 0.043** 0.205

(1.42) (1.51) (3.29) (0.26) (−0.71) (1.01) (2.33) (3.81) (2.53) (0.35)

_cons −4.011*** −2.130*** −2.649*** −3.221*** −3.338*** −1.605*** −2.901*** −1.211 −2.277*** −3.227***

(−8.17) (−9.25) (−9.81) (−5.15) (−5.10) (−3.75) (−10.32) (−1.27) (−7.79) (−10.18)

Year Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

R2 0.158 0.106 0.102 0.161 0.158 0.074 0.140 0.126 0.088 0.135

N 1,287 2,863 2,917 622 611 1,254 2,601 295 1905 2,245

chow-
test

16.37*** (1)
and (2)

1.92*** (3)
and (4)

1.51* (4)
and (5)

1.12 (3)
and (5)

1.17 (6)
and (7)

1.64** (7)
and (8)

2.25*** (6)
and (8)

2.78*** (9)
and (10)

TABLE 8 U-test results.

Model 2 U-test After PSM matching model 2 U-test

Extreme value point: 6.661 Extreme value point: 2.368

Test: H1: U-shaped vs. H0: Monotonic or inverted U-shaped

Lower limit Upper limit Lower limit Upper limit

DT value range −0.838 11.267 −0.461 4.499

Slope −0.161 0.099 −0.327 0.246

t-value −5.73 1.95 −4.99 1.93

P>|t| 0 0.026 0 0.027

Overall test in a U-shape: t-value = 1.96 Overall test in a U-shape: t-value = 1.93

P>|t| = 0.026 P>|t| = 0.027
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Xie et al. (2021) test is used for reference, and phase-by-phase

matching is adopted to alleviate the “time mismatch” problem in

traditional PSM matching. We take the digital degree of our

enterprise as the median. If the sample is greater than themedian,

take 1 (that is, the treatment group); otherwise, it is 0 (that is, the

control group). The variables of firm size (Size), firm age (Age),

and other variables in the previous year were used as covariates to

calculate the propensity score, followed by 1:1 nearest neighbor

matching, as shown in Table 6. The result meets PSM’s “balance

hypothesis.” Figure 3 shows the kernel density function before

and after matching. The kernel density functions of the two

groups of companies matched by PSM year by year almost

overlap. There is no significant difference, so the matching

effect is more satisfactory. In this way, the estimation bias

caused by the “self-selection problem” of the sample can be

better resolved.

Columns (5)–(8) of Table 4 provide robustness validation of

the baseline test. Table 7 (1)–(10) reports the regression results of

the heterogeneity test after the PSM matched sample, which

supports the regression results and corresponding conclusions in

Table 5 in terms of regional heterogeneity, listing board

heterogeneity, and digitization speed heterogeneity. However,

in terms of pollution degree heterogeneity, the digitization of

non-heavily polluting firms does not have a non-linear U-shaped

relationship with green transformation. The reason is to ensure

the accuracy of PSM matching, a 1:1 matching ratio was used in

this paper, and the 5,874 unsuccessful matched samples were

eliminated. However, the sharp reduction of samples may make

the regression results not sufficiently representative of non-

heavily polluting enterprises.

5.5.2 U-test: Digital transformation

Lind and Mehlum (2010) argue that it is too weak to

determine the existence of a U-shaped relationship by only

putting the squared terms of the explanatory variables in the

model and observing whether the coefficients are significant or

not. This section draws on Lind and Mehlum (2010), we test

whether the U-shaped relationship between Digital and Green

Transformation (GT) in Model 2 is true or not. As shown in

Table 8, both the baseline test and the test after matching the

samples by PSM method, the calculated extreme value points are

within the range of Digital, and the original hypothesis is rejected

at the 5% statistical level. At the same time, the slope of the test

results has a different sign in two intervals, so this paper believes

that the U-type relationship between enterprise digitalization and

green transformation passes the U-test, and the regression results

are reliable which again proves the hypothesis H1.

6 Further analysis

Teece et al. (2009) argue that dynamic capabilities are

embedded in the organization and management processes of

the enterprise, including perception, acquisition, and

reconfiguration capabilities. According to the previous

analysis, digitization may affect an enterprise’s environmental

problem identification (perception), information knowledge

acquisition (acquisition), and organizational management

(reconfiguration). Therefore, this paper argues that enterprise

digitization can influence its green transformation through the

TABLE 9 Mediation effect test.

(1) (2) (3) (4) (5) (6)

GT DC GT GT DC GT

Digital −0.143*** 0.153*** −0.133*** −0.274*** 0.334*** −0.258***

(−5.98) (8.39) (−5.53) (−5.31) (7.48) (−4.96)

Digital2 0.011*** −0.010*** 0.010*** 0.058*** −0.049*** 0.055***

(3.56) (−4.34) (3.31) (3.17) (−3.27) (3.01)

DC −0.041*** −0.036**

(−3.47) (−2.09)

_cons −2.407*** −0.097 −2.411*** −2.782*** −0.478** −2.798***

(−16.20) (−0.73) (−16.24) (−12.41) (−2.22) (−12.49)

Control variables Yes Yes Yes Yes Yes Yes

year Yes Yes Yes Yes Yes Yes

R2 0.132 0.460 0.132 0.111 0.433 0.111

N 10,024 10,024 10,024 4,150 4,150 4,150

Mediation Effect ab
c � (−0.010) ×−0.041

−0.011
ab
c � (−0.049) ×−0.036

−0.058
� 3.73% � 3.04%
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mediating variable of dynamic capabilities. The specific analysis

is as follows: In the initial stage, enterprise digitization will spend

much money on digital equipment, technology, and talents. The

direct effect of these expenditures is to influence the

improvement of enterprise perception, acquisition, and

reconfiguration capabilities, i.e., to enhance the dynamic

capabilities of enterprises. However, the marginal effect of

digitalization decreases with the blind increase in digital

investment. Excessive digitalization will also expose enterprises

to “information overload” and other problems and then inhibit

the dynamic capability of enterprises. Therefore, the impact of

digitalization on dynamic capabilities is in an inverted U-shape.

Furthermore, good ability of perception, acquisition, and

reconstruction is helpful for enterprise to tilt their resources

toward green governance. It also helps enterprises carry out green

product research and development, green process and green

technology innovation, helps enterprises realize asset

coordination and value-added between internal and external

in the business ecosystem, and improve the knowledge

sharing and cooperation mechanism between departments

(Liang et al., 2022), and finally adapt to the needs of green

development and help enterprises realize green transformation.

In summary, we believe that dynamic capabilities play a

mediating role between digitalization and green transformation.

This paper applies the Wen and Ye (2014) modified

mediating effect test to establish three regression equations to

verify the mediating effect of dynamic capabilities.

GTi,t � β0 + β1Digitali,t + β2Digital2 i,t + Controli,t +∑Year

+ εi,t

(Model3)
DC � a0 + a1Digitali,t + a2Digital2 i,t + Controli,t +∑Year

+ εi,t

(Model4)

GTi,t � c0 + c1Digitali,t + c2Digital2 i,t + c3DCi,t + Controli,t

+∑Year + εi,t

(Model 5)
Referring to the method of Dong (2014) for the mediating

effect test, if dynamic capabilities have a transmission function in

the process of digitalization on the green transformation of

enterprises, both β2 , a2 and c3 are significant, while the

significance of c2 controls whether it is a partial or complete

mediating effect.

Combining the results of the tests in Tables 9, 10, it can be

seen that the squared term coefficient of column (1) digitization

on green transformation is 0.011 and significant at the 1% level,

which supports the β2 significance of Model 3. The regression

results of column (2) show that the squared term coefficient of

digitalization on dynamic capability is −0.010 and significant at

the 1% level, which supports the a2 significance of Model 4. It

indicates that on the left side of the inverted U-shape, the more a

company invests in digitalization, the more it digitalizes, which

leads to the improvement of dynamic capability. On the right side

of the inverted U-shape, excessive digitalization suppresses the

dynamic capability of the company. The regression results in

column (3) show that the coefficient of dynamic capabilities on

green transformation is −0.041 and significant at the 1% level,

which supports the c3 significance of Model 5, indicating that

dynamic capabilities inhibit enterprises’ green transformation.

This may be because dynamic capability improvement depends

on the massive investment of funds and resources. It is also

accompanied by the change in the enterprise’s overall

development strategy or business model, which is challenging

to be realized quickly. Thus, only when the dynamic capability is

at a high level may it positively impact green transformation.

Further observing the significance of c2, the coefficient of Digital2

in column (3) is 0.010, which is significant at a 1% level,

TABLE 10 U-test of mediating effect.

Table 9 column (3) U-test Table 9 column (6) U-test

Extreme value point: 6.663 Extreme value point: 2.343

Test: H1: U-shaped vs. H0: monotonic or inverted U-shaped

Lower limit Upper limit Lower limit Upper limit

DT value range −0.838 11.267 −0.461 4.499

Slope −0.150 0.092 −0.309 0.238

t-value −5.30 1.81 −4.670 1.857

P>|t| 0 0.035 0 0.032

Overall test in a U-shape: t-value = 1.81 Overall test in a U-shape: t-value = 1.86

P>|t| = 0.035 P>|t| = 0.032
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indicating that dynamic capability partially mediates the U

relationship between digitalization and green transformation.

The mediating effect accounts for 3.73% of the total effect.

Columns (4)–(6) show the regression results after matching

the PSM samples, and the findings are robust. The results of

this paper support the transmission path of “digitalization →
dynamic capability → green transformation.”

7 Discussion

Under the background of the accelerated development of

digital economy, a few scholars began to pay attention to the

relationship between digitalization and green development.

However, little literature extends the research to green

transformation and explores the impact of digitalization on

green transformation. From a practical point of view, when

implementing the green transformation strategy, actively

digitizing and consciously speeding up digitization can make

it across the digital divide and realize green transformation faster.

From the theoretical point of view, the conclusion of this paper

extends the previous research and clarifies the complex linear

relationship between digitalization and green transformation. At

the same time, considering the individual characteristics of

enterprises, we conducted a heterogeneity test. First, due to

the differences in process flow, product attributes, and

environmental protection requirements, the pollution emission

degree of different industries is also very different. The

digitalization of enterprises with different pollution levels may

impact their green transformation differently. The reason for this

is that, on the one hand, heavily polluting enterprises, as the key

targets of the national environmental protection department,

disclose more environmental information (Huang and Chen,

2012). Moreover, heavy polluters are more likely to face higher

public pressure and media attention than non-heavy polluters,

leading them to invest more in green governance and less in

digital transformation. On the other hand, heavily polluting

enterprises are required to pay regular emission fees or taxes

compared to non-heavily polluting enterprises, which also

imposes a burden on their operations and crowds out

digitalization investments. Therefore, digitalization shows a

significant inhibitory effect on corporate green transformation

in the sample of heavily polluting enterprises.

Second, China has a diversified regional economic model,

and the specificity of the regional economy is prominent due to

the influence of the national industrial layout (Kong et al., 2021).

Accordingly, the geographical distribution may significantly

impact the level of economic development, thus affecting the

digital transformation of enterprises and its effect. For enterprises

in different regions, the U-shaped relationship between

digitalization in the eastern region and green transformation

is significant, but the digitalization of enterprises in the central

and western regions will inhibit the green transformation. The

eastern region of China has a more developed economy, a higher

degree of marketization, and intense digital penetration due to its

leading development. On the contrary, due to relatively limited

traffic conditions, poor natural environment, few high-tech

value-added industries, lack of high-level talents and other

reasons, the level of economic development, marketization

and digitization in the central and western regions are far

behind those in the East. The regions with developed

economies and a high degree of marketization may have more

resources and funds to obtain and spread new things and

technologies to cross the digital divides faster and move

towards green transformation.

Thirdly, for enterprises with different listed boards, there is a

significant U-shaped relationship between digitalization and

green transformation of main board and GEM board

enterprises, but digitalization of SME board enterprises will

inhibit the green transformation of enterprises to a certain

extent. Both X inefficiency theory and new institutional

economics suggest that the internal management of business

organizations is the cause of widespread inefficiencies (Bi, 2008).

As firms expand in size, the internal pyramid hierarchy increases,

and problems such as information friction arise. As a result,

information frictions are more serious in large organizations than

in SMEs, internal transaction costs are higher, and resources are

more wasted. Initially, digitalization may not promote green

transformation or even inhibit it. Nevertheless, reaching a

certain level it can play a smooth role in enterprise

information, stimulating the flow of information within the

enterprise, internal and external, reducing transaction costs,

reducing waste and non-environmental behavior, and

promoting the green transformation of enterprises. Therefore,

the main board of the enterprise digitalization of green

transformation has a U-type relationship. As for SMEs, since

their profitability is low, their production and operation

processes are more in the exploratory stage, and they have not

yet formed a mature profit model, and still need to focus much

more on their primary business. Consequently, in this case,

forced digitalization of them may inhibit its green

transformation. The coefficient of GEM enterprises is

significantly larger than that of mainboard enterprises, which

means that the U-shaped opening is smaller according to the

nature of the quadratic function. The possible reason is that GEM

is high-tech, mainly SMEs. Despite its digitalization property, its

green transformation still depends on the accumulation of

digitalization to a certain extent due to its “small and

medium” nature.

Fourthly, for enterprises with different digital speeds, the “U”

effect of digitalization on green transformation is only established

in enterprises with high digital speed, and too slow digital speed

may inhibit the green transformation of enterprises. The reason

is that digital technology is changing rapidly, and digitalization

needs to focus on the impact of speed rather than relying on long-

term accumulation. Only with a high speed of digitalization can
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the inhibitory process be shortened, and the positive promotion

effect is generated. Knowledge is enterprises’ most important

strategic resource and the primary source of their competitive

advantage (Grant, 1996); high digitization speed can help

enterprises establish the first advantage quickly. First, it can

help firms to acquire R&D resources. Compared with low-

digitization speed enterprises, high-digitization speed

enterprises can obtain more and faster the R&D resources

needed to catch up with or even surpass the technological

Frontier, including talents, patented technologies, and capital,

and provide technology reserves for green transformation.

Second, it can help firms to integrate R&D resources. High

digitization speed can help enterprises integrate R&D

resources, from R&D networks, cooperate with technologically

leading enterprises and upstream and downstream enterprises in

the supply chain, establish a green supply chain, and realize green

and collaborative development. Third, enterprises with high

digitization speed can often establish a first-mover competitive

advantage and take the initiative in market competition, thus

gaining higher market returns, realizing economies of scale, and

providing funds for green governance. Therefore, the high

digitization speed of enterprises can get through the initial

stage of high investment in human capital and financial

investment more quickly, and thus it is more likely to show a

U-shaped relationship.

In further research, we use the dynamic ability as a bridge

and get more valuable research results. Digitalization can affect

the green transformation of enterprises through the

intermediary variable of dynamic capability. In the early

stage of enterprise digitalization, much more funds would be

spent on digital equipment, technology, and talents. The direct

effect of these expenditures is to affect the improvement of the

enterprise’s perception, acquisition, and reconstruction

capabilities, that is, to enhance the dynamic capabilities of

enterprises. However, its marginal effect decreases with the

blind increase of digital input. For example, excessive

digitalization will also cause enterprises to face problems

such as “information overload,” which inhibits their dynamic

capabilities. The improvement of dynamic capability depends

on the massive investment of funds and resources. It also

changes the enterprise’s overall development strategy or

business model. Only when the dynamic capability is at a

high level can it positively impact the green transformation.

The results support the transmission path of “digitalization →
dynamic capability → green transformation.”

8 Conclusion

Based on text data mining and principal component analysis,

this paper takes A-share listed companies in Shanghai and

Shenzhen from 2011 to 2020 as research samples to explore

the influence of digitalization on green transformation of

enterprises and its internal mechanism. The results show that

digitalization has a U-shaped effect on the green transformation

of enterprises. Secondly, the “U” relationship between

digitalization and green transformation of enterprises only

exists in non-heavily polluting enterprises, eastern enterprises,

main-board enterprises, GEM enterprises, and enterprises with

high digital speed. Finally, the dynamic capability plays a partial

intermediary role in the U-shaped relationship between

digitalization and green transformation. There is an inverted

“U” relationship between digitalization and dynamic capability.

This study provides a new way of thinking about enterprises’ lack

of green transformation capability. In terms of modeling, this

paper innovatively includes a quadratic term of digital

transformation to verify the complex linear relationship

between digitalization and green transformation. This study

extends the consequences of digital economy to green

transformation based on Ke et al. (2022) and Zhai and An

(2020), and provides empirical evidence at the micro-level.

9 Theoretical implications

First of all, most of the literature about digitalization

currently studies the economic performance brought by

digitalization, and seldom considers the non-economic

performance. This study effectively expands the non-economic

consequences of digitalization at the micro-level and reveals the

advantages and disadvantages of digitalization. Secondly, this

paper constructs a comprehensive index of green transformation,

taking into account the green technological innovation of

enterprises, and promotes the development of quantitative

research on green transformation of enterprises. Thirdly, this

paper studies digitalization and enterprise green transformation

under the unified framework, and carries out a heterogeneity test

and intermediary effect test, which enriches the research of

influencing factors of green transformation and puts forward

an effective transmission path of “digitalization → dynamic

capability → green transformation.”

10 Practical implications

Firstly, this paper discusses the U-shaped influence of

digitalization on the green transformation of enterprises. The

research is helpful to deepen enterprises’ understanding of

green transformation, accelerate the pace of digitalization,

reduce the “risk effect” of digitalization, and bridge the

digital divide, so as to realize “profit” as soon as possible.

Second, the study finds that the U-shaped relationship

between digitalization and green transformation differs

across pollution levels, regions, listing board, and speed of

digitalization. It provides an empirical basis for different

types of companies to carry out digitalization strategies. It
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helps enterprises and governments to examine the non-

economic performance of digitalization from multiple

perspectives. Finally, this study helps to understand the

feasible mode of Chinese enterprises’ green transformation

under China’s New Normal and the vital role of

digitalization in enterprises’ green transformation. At the

same time, it provides a new idea for developing countries

and countries that pursue an economy but ignored

environmental problems to make green transition at the

micro-level and provides a basis for their green policy

formulation. Therefore, the research conclusion of this paper

is helpful for enterprises to rise to the challenge of the digital,

actively and quickly digitize to shorten the inhibitory effect of

digitalization, so as to improve the ability and effect of green

governance and realize the green transformation.

11 Suggestions

This paper makes some contributions to the field of research

on digitalization and enterprise green transformation. The findings

help enterprises balance digitalization and green transformation to

achieve high-quality growth. This paper proves empirically that

enterprises can quickly adapt to the era of digital economy through

internal digitalization, which helps to smooth their own internal

cycle, help them accurately match supply and demand and

optimize resource allocation, and finally improve the ability and

effect of green governance and realize the green transformation of

enterprises. In this regard, this paper proposes the following

countermeasures.

For the government. First, the government should increase the

investment and construction of 5g base stations, big data centers,

artificial intelligence and other digital infrastructure, and provide

enterprises with a favorable external environment to help

enterprises realize digitalization. Second, we should establish

regional big data centers in the East, middle and west regions,

strengthen data sharing in various regions, and improve the

digitalization ability of enterprises in the central and western

regions. Third, the government should formulate relevant

policies conducive to the digitalization of enterprises, and

implement differentiated incentive policies in combination with

the pollution type, scale and region of enterprises, so as to improve

the power and effect of digitalization and green transformation of

various enterprises. Fourth, encourage financial institutions to

provide credit support for enterprises’ digital transformation,

especially for small and medium-sized enterprises, so as to

reduce the financial pressure of their digital transformation and

increase the speed of their digital transformation. Fifth, use tax

lever to encourage enterprises to carry out digital upgrading, and

provide effective policy guidance while reducing the cost pressure

of enterprises. Sixth, the government should encourage and

support Internet platforms and industry leading enterprises to

open their digital resources, and help heavily polluting enterprises,

enterprises in the central and western regions, small and medium-

sized enterprises and enterprises with low digital speed realize

digital transformation. Seventh, further improve the system of

enterprise environmental information disclosure, so as to provide

effective external supervision and constraints for the green

transformation of enterprises. Eighth, further improve the

environmental tax and establish a forced mechanism to

promote the green transformation of enterprises.

For the enterprises. First, Enterprises should bravely meet the

digital tide, strengthen digital thinking, and actively digitize. They

also need to improve employees’ digital skills and data

management application ability, and comprehensively and

systematically promote the digital transformation of enterprises’

R&D and design, production, processing, operation, management,

etc. Digital technology, as a crucial general technology, has

significant spillover effects. Enterprises should improve the

quality and efficiency of investment and increase investment in

digital infrastructure. Second, enterprises should pay attention to

the employment and training of digital technology skilled talents.

And they should stablish modern industrial colleges, joint

laboratories, internship and training bases with vocational

colleges and universities, and develop diversified talent training

modes such as order system and modern apprenticeship system,

and jointly cultivate high-knowledge and high-tech talents.

Thirdly, support qualified large enterprises to build integrated

digital platforms, and comprehensively integrate the internal

information system of the enterprise, and strengthen the data

connection of the whole process, and try to form data-driven

intelligent decision-making capabilities. At the same time,

enterprises should accelerate business collaboration of the whole

value chain, and improve the overall operational efficiency of

enterprises and upstream and downstream synergy efficiency of

the industrial chain, so as to achieve sustainable development and

transformation. Finally, enterprises should accelerate the

application of online marketing, remote collaboration, digital

office, intelligent production line, etc., so as to implement

digital transformation in the whole business and whole process

as soon as possible.

12 Limitations and future research

There are still some limitations in this paper. First, the study

only focuses on the impact of digitalization on green

transformation does not subdivide the two. The impact of

different types of digitization on corporate green culture

transformation and green management transformation can

be further explored in the future. Secondly, this paper only

examines the mediating role of dynamic capabilities. However,

digitalization may also influence green transformation through

information transparency, willingness to green innovation, and

environmental pressure, which can be further explored in the

future. Finally, whether there is a synergistic effect between
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digitalization and green transformation in the enterprise

operation also needs to be studied, which provides a

direction for subsequent research.
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