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Abstract

The digital transformation of enterprises is one of the important ways to pro-
mote energy saving and emission reduction, thereby helping China achieve its
goals of carbon peak and carbon neutrality from a micro perspective. Most of
the existing literature focuses on the impacts of low-carbon city pilot policies
on enterprises’ carbon emission reduction and green technology innovation
capabilities, while the role of enterprise digital transformation has been rela-
tively overlooked. This paper uses panel data of Chinese listed companies from
2000 to 2022 as a sample and employs empirical methods such as the fixed-
effects model, propensity score matching (PSM), and difference-in-differences
(DID) to investigate the impact and mechanisms of low-carbon city pilot poli-
cies on enterprise digital transformation. The study finds that the low-carbon
city pilot policy positively promotes enterprise digital transformation, and this
conclusion remains robust after a series of robustness tests and endogeneity
treatments. Mechanism analysis reveals that the policy can promote digital
transformation by alleviating firms’ financing constraints, while government
capacity plays a positive moderating role in this relationship. Further hetero-
geneity analysis shows that the low-carbon city pilot policy has a more signifi-
cant effect on the digital transformation of technology-intensive firms, non-
heavy-polluting firms, and firms in the growth and maturity stages. This paper
enriches the research on the mechanisms of enterprise digital transformation
under the new era and provides empirical evidence for the top-level design of
green finance policies and the realization path of promoting enterprise emis-
sion reduction and greening to build a Beautiful China under the conditions of
the new development paradigm.
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Double-Difference Modeling

1. Introduction

Against the backdrop of intensifying global climate change and a deepening con-
sensus on sustainable development, the state is paying increasing attention to en-
vironmental governance and pollution emissions. In recent years, China has is-
sued a number of policies and programs on environmental issues, such as the
“carbon peak and carbon neutral” target for 2020. Meanwhile, the report of the
20th National Congress of the CPC clearly pointed out the need to “adhere to
sustainable development” and “unswervingly follow the path of civilized develop-
ment with productive development, affluent living and ecological well-being”;
also clearly stated the need to “adhere to sustainable development”. The “Four-
teenth Five-Year Plan for National Economic and Social Development and Vision
2035” and the Outline of the Fourteenth Five-Year Plan for National Economic
and Social Development and the Vision 2035 also explicitly propose the formula-
tion of an action program to peak carbon emissions by 2030. The promulgation
of green policies such as these marks the comprehensive transformation of the
economic and social development model towards green and low-carbon. As a core
policy tool to achieve the “dual-carbon” goal, the green financial system has be-
come a key driving force for industrial structure optimization and technological
innovation by guiding the flow of capital to low-carbon areas. The pilot low-car-
bon city policy has been implemented in batches since 2010, forcing local govern-
ments and enterprises to actively explore low-carbon development paths through
mechanisms such as financial subsidies, green credit incentives, and carbon emis-
sions trading.

In addition, from the perspective of high-quality urban development, low-car-
bon transformation and digital upgrading are its core pillars. On the one hand, as
the main carrier of carbon emissions, the city’s industrial layout, energy structure
and governance model directly affect the realization of the “dual-carbon” goal; on
the other hand, the digital economy and the construction of smart cities require
the city to reconfigure the efficiency of resource allocation by means of digitiza-
tion, and enterprises, as the micro-body of the urban economic system, play a key
role in the high-quality development of cities and also play a crucial role in the
process of China’s carbon peak and carbon neutrality goals. In particular, through
digital transformation, enterprises can not only effectively reduce carbon emis-
sions and optimize industrial structure but also significantly improve social
productivity. Therefore, enterprise digital transformation has become a powerful
driving force to promote the construction of a beautiful and strong socialist coun-
try, accelerating the pace and depth of this process. It has injected new vitality into
the city for sustainable development while realizing the goal of green and low-

carbon development for enterprises, and has helped the economy and society to
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develop with high quality. However, the high sunk costs, technological uncer-
tainty and positive externalities in the process of enterprise digital transformation
have led to the common dilemma of “unwillingness to change, not daring to
change”'. Against this backdrop, the low-carbon city pilot policies may alleviate
the transformation constraints of enterprises from the three dimensions of cost
compensation, risk sharing and capacity building through the reinforcement of
environmental regulations, green financial incentives and information infrastruc-
ture support. For example, targeted green credit support in pilot areas may reduce
the financing costs of digital technology transformation. Therefore, clarifying the
causal relationship between low-carbon pilot policies and enterprise digital trans-
formation can provide a direct basis for optimizing the design of green financial
policies and promoting energy saving and emission reduction among enterprises.
It is also of great practical significance in advancing the implementation of China’s

dual-carbon strategy.

2. Literature Review

2.1. Green Impact on Corporate Behavior Finance Policies

Most of the existing studies have found that green financial policies can have some
impact on enterprise behavior. Specifically for each policy: the green credit policy
promotes corporate green innovation, and its effect increases with the strength-
ening of regional environmental enforcement and intellectual property rights pro-
tection (Wang & Wang, 2021), while the policy promotes the level of corporate
environmental social responsibility by increasing the cost of capital, narrowing
the external channels of financing, and enhancing corporate environmental con-
cerns (Si & Cao, 2022). In addition, the green bond policy forces the green trans-
formation of brown enterprises by increasing the credit spreads of brown bonds
(Chen et al., 2021), significantly improves the level of green innovation of issuers
(Wang & Feng, 2022) and reduces the level of carbon emissions of enterprises (Yu
etal., 2022); for the pilot zone of green financial reform and innovation, the policy
can promote green innovation of enterprises through the percentage of long-term
borrowing of enterprises and improve the debt structure of enterprises. For the
green financial reform and innovation pilot zone, the policy can promote green
innovation through the proportion of long-term corporate borrowing, improve
corporate debt structure (Li & Liu, 2021), and motivate corporations to fulfill their
environmental social responsibilities (Shen & Liao, 2020), while reducing pollu-
tion emissions through the downsizing of the production scale of heavily polluting

corporations (Cui et al., 2023); in addition, the pilot policy for low-carbon cities

!'According to the “2023 China Manufacturing Digital Transformation Research”, 68% of enterprises
believe that “lack of a clear digital transformation roadmap” is the main obstacle, and 55% of enter-
prises have postponed their transformation plans due to “insufficient capacity of the internal technical
team”. At the same time, the Ministry of Education’s “Digital Economy Talent Demand Forecast Re-
port (2023)” pointed out that China’s digital technology talent gap of 11 million people, of which the
shortage of artificial intelligence, big data analysis and other core areas accounted for more than 40%,

which further exacerbated the difficulty of enterprise transformation.
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can reduce carbon emissions by reducing the consumption of electricity by cor-
porations and upgrading the level of technological innovation (Zhang, 2020), and
the policy effect is more significant for state-owned enterprises and enterprises in
heavily polluted areas (Chen et al., 2022; Dong et al., 2024); at the same time, the
policy improves the level of green technological innovation by significantly in-
creasing the scientific and technological talents of enterprises and alleviating the
constraints of financing (Guo et al., 2023), and produces a significant spillover
effect, which significantly stimulates the green innovation activities of enterprises
in peer cities (Tian & Liu, 2021). Other studies have pointed out that environmen-
tal protection tax reform pushes large and medium-sized enterprises to innovate
in green technology, but has no significant impact on small-sized enterprises
(Wen & Zhong, 2020).

2.2. Factors Influencing the Digital Transformation of Enterprises

In terms of the factors affecting the digital transformation of enterprises, academ-
ics have conducted a large number of prospective studies, and have achieved rel-
atively fruitful results. Specifically, Li & Liang (2020) pointed out that successful
digital transformation should rely on a solid digital technology foundation, in-
crease the financial investment in digital transformation, build a system for at-
tracting and educating digital talents, and create a support platform for digital
transformation. In addition, the digital transformation of enterprises also needs a
policy system to support and guide (Zhang & Luan, 2022), and to play the role of
the government (Han et al., 2021), Shi et al. (2021) pointed out that the govern-
ment should accurately implement policies for enterprises in different regions and
industries, guide enterprises to enhance their awareness of the transformation,
and strengthen the construction of the data governance and regulatory system.
Pei et al. (2023) also noted that Solidly promoting digital transformation requires
the joint efforts of enterprises and the government, and the government should
actively guide enterprises to increase their digital transformation efforts, build an
incentive mechanism to drive the digital transformation of enterprises, accelerate
the promotion of the construction of new infrastructures, and cultivate a digital
talent team to provide all-round and multi-level protection for promoting the dig-
ital transformation of enterprises. In addition, Zheng & Jiang (2022) concluded
through the questionnaire analysis that improving the efficiency of production
services is the main driving force of enterprise digital transformation, and talent
and cost are the prominent problems faced by digital transformation; at the same
time, enterprise scale growth and digital transformation is a two-way coupling
and interaction process, and the cooperation between the enterprise and scientific
research institutions is essential to promote the integration of the digital economy.
Finally, the awareness and culture of enterprise digital transformation are also
very critical, and enterprises should cultivate a new culture of digital transfor-
mation, strengthen the consensus of digital transformation within the enterprise

(Pei et al., 2023), and imbibe the concept of digital transformation and innovative
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development (Zhao & Ding, 2021).

In general, the current academic research on the impact of green finance poli-
cies on corporate behavior focuses on reducing corporate carbon emissions, pro-
moting corporate green innovation and increasing total factor productivity. How-
ever, there is a relative lack of literature directly studying the impact of low-carbon
city pilot policies on enterprise digital transformation. Only Zhao et al. (2023)’s
study examines the impact of R&D expenditures on innovative technologies on
enterprise digital transformation, but it lacks discussion on the role of green pol-
icies in promoting digital transformation among enterprises.

Therefore, the possible marginal contributions of this study are as follows: First,
in the context of the “dual-carbon” goal, this study focuses on policies such as the
pilot low-carbon city policy and its impact on enterprise digital transformation.
This enriches research on the determinants of enterprise digital transformation.
Secondly, we have developed a framework for the influence mechanism between
low-carbon city pilot policies and enterprise digital transformation. This enriches
research on the mechanisms linking these two areas. Third, based on the hetero-
geneity analysis of enterprise types, industries, and life cycles, it provides decision-
making references for the government to differentiate the formulation of green
financial policy tools and guide various types of subjects in participating in the
digital low-carbon transformation. The rest of this paper is organized as follows:
Section 3 is the theoretical analysis and research hypotheses, Section 4 is the re-
search design and variable description, Section 5 is the empirical analysis and dis-
cussion, Section 6 is the expansive analysis, and Section 7 is the conclusion and

policy recommendations.

3. Theoretical Analysis and Research Hypotheses

In terms of objectives, our study seeks to answer the following questions: First,
does the low-carbon city pilot policy significantly contribute to the digital trans-
formation of enterprises, and what is the marginal impact of the implementation
of this policy on the digital transformation of enterprises? Second, in what ways
do they influence firms’ digital transformation? Is there a mediating and moder-
ating role? Third, is there significant heterogeneity in the impacts of firms’ digital
transformation? To answer these questions, we need to construct a theoretical
framework for understanding the impact of green, low-carbon city pilot policies

on enterprise digital transformation.

3.1. Analysis of the Direct Effects of Pilot Low-Carbon City Policies
on the Enterprises’ Digital Transformation

As an important driving force for the country to achieve the “dual-carbon” goal,
the pilot green low-carbon city policy promotes the green transformation of en-
terprises through multi-dimensional measures such as optimization of the energy
structure, green financial support, and empowerment of digital technology under

the dual-track mechanism of “policy incentive + market-driven”, according to the
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resource base theory. According to the resource-based theory, the pilot low-car-
bon city policy reduces the cost of transformation through targeted support of
green credit, financial subsidies, and other tools. At the same time, the construc-
tion of low-carbon cities leads to a better inflow of technological knowledge,
higher levels of human capital (Wang et al., 2023b), and improved allocation effi-
ciency of resources (Chen et al., 2024), while also easing the financing constraints
of enterprises (Guo et al., 2023). This policy-driven resource replenishment mech-
anism enhances by alleviating resource constraints and the willingness of their
enterprises to digitally transform and enhance digital transformation. In addition,
according to signaling theory, the government’s policy support for enterprises in
the pilot region can send positive signals to investors, which helps attract more
venture capital and improve the enterprises’ digital technology innovation capa-
bility. Finally, from the perspective of institutional pressure mechanism, environ-
mental regulation is likely to force enterprises to respond technologically. Zhao et
al. (2023) argued that the pilot policy of low-carbon cities significantly increases
the compliance cost of enterprises through carbon emission quota assessment,
mandatory environmental information disclosure, etc. In response to the policy
pressure, enterprises may accelerate measures such as production and technolog-
ical change to turn the pressure into an opportunity for digital transformation that
reduces carbon emissions for enterprises through digital transformation. Finally,
Porter’s hypothesis suggests that environmental regulations will increase the will-
ingness of enterprises to innovate in green technology, generate relevant innova-
tion performance to offset the environmental costs of enterprises, and promote
technological innovation to realize the digital transformation of enterprises. The
following hypothesis is proposed:

H1: Low-carbon city pilot policies contribute to the digital transformation of

enterprises.

3.2. Mediating Effects of Financing Constraints

Because of the large up-front capital investment, long cycle, uncertainty of input
and output, and technological uncertainty on the way to enterprise digital trans-
formation, many enterprises have a weak willingness to digitally transform. There-
fore, a certain amount of financial support must be supplemented to solve the path
dependence and capital market imperfections and other market failures faced by
enterprises on their way to digital transformation. As a kind of “soft constraint”
environmental regulation policy, local governments often encourage enterprises
to save energy and reduce emissions through incentives such as tax breaks and
subsidies (Zhang et al., 2022). In addition, according to resource base theory, en-
terprises that receive government credit support or subsidies can effectively alle-
viate their own financing constraints (Guo et al., 2023; Xu & Cui, 2020), which
reduces the cost of transformation, and thus increases the willingness of enter-
prises to digital transformation. This leads to the following hypothesis:

H2: Low-carbon city pilot policies facilitate digital transformation by easing

corporate finance constraints.
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3.3. Moderating Effects of Government Capacity

In order to promote the digital transformation of enterprises to achieve high-qual-
ity urban development, it is necessary for local governments to formulate appro-
priate laws and regulations according to local conditions. According to the theory
of diffusion of innovation, as an authoritative organization, the government can
accelerate the adoption of new technologies by enterprises through demonstration
effects, incentives and policy guidance. For example, tax incentives, financial sub-
sidies and other incentives can encourage digital transformation of enterprises.
Secondly, governments with strong overarching and public service delivery capa-
bilities can build and maintain high-quality information and communication
technology (ICT) infrastructures, such as high-speed broadband networks and 5G
base stations, which are the basic conditions for enterprises to carry out digital
transformation (Wang & He, 2023). Additionally, according to the theory of reg-
ulation, a government with sound governance capacity and effective public service
mechanisms can improve the quality of public services and the proportion of live-
lihood expenditures. This can lead to continuous optimization of the factor en-
dowment structure and the development of a supportive environment for enter-
prises (Wang et al., 2023a). For example, the government can improve the digital
technology level of the workforce through the reform of the education system to
provide high-quality talent for the digital reform of enterprises. Additionally, a
proactive government places greater emphasis on the construction of regulatory
capacity, risk control, and the regulatory environment, thereby better protecting
enterprises’ digital patents (Wang et al., 2023a). Take Shenzhen, a city with top-
ranked government capability, as an example. Its carbon market liquidity has
ranked first nationwide for many consecutive years, with a cumulative trading
volume of 65.7 million tons of carbon allowances and a total transaction value of
1.463 billion yuan, accounting for approximately 2.5% of the total allowance scale
of the seven national carbon trading pilot programs. Shenzhen has actively re-
sponded to national policies by deeply integrating digital technologies with tradi-
tional industries. This integration has promoted the reduction of resource and
energy consumption in traditional industries and enterprises, facilitated their
transformation and upgrading, optimized industrial chain structures, and ulti-
mately achieved the goal of energy conservation and emissions reduction. From
this, we propose the following hypothesis:

H3: Government capacity can positively moderate the positive facilitation of

digital transformation by piloting low-carbon city policies.

4. Research Design and Description of Variables
4.1. Sample Selection and Data Sources

This paper takes listed companies in China from 2000 to 2022 as the research object,
and the data required for the empirical study from the Cathay Database (CSMAR),
China Research Data Service Platform (CNEDS) and annual reports of listed com-

panies. The following treatments are made with reference to established studies:
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1) financial industries are excluded; 2) ST and *ST data are excluded; 3) samples
with missing main variables are excluded; 4) all continuous variables are winso-

rized at the upper and lower 1% levels to handle outliers.

4.2. Variable Setting

4.2.1. Core Explanatory Variable: Low-Carbon City Pilot (DID)

The core explanatory variables in this paper are the three batches of low-carbon
city pilots established by the National Development and Reform Commission. As
there is a crossover of the cities that will be piloted in the first two batches, the
year of implementation of the pilot city policy is determined with reference to
Song et al. (2019).

4.2.2. Explained Variable: Digital Transformation (DT) of Enterprises

Generally speaking, the digital transformation of enterprises not only includes the
application of digital technologies such as “artificial intelligence”, “cloud compu-
ting”, “big data”, “blockchain” and so on, but also involves the production and
operation mode and decision-making of enterprises, in order to promote the dig-
italization of enterprises to achieve higher quality and efficiency in the production
process. At present, it is difficult to measure the digital transformation of enter-
prises, and there is no unified measurement index in the academic community.
Drawing on the research of Wu et al. (2021), this paper uses Python crawler tech-
nology to collect and organize the annual reports of all A-share listed enterprises
on the Shanghai Stock Exchange and Shenzhen Stock Exchange. It then analyzes
the degree of transformation based on the word frequency of “enterprise digital
transformation” in these reports®. Then, the Java PDFbox library is used to extract
all the text content of these reports, so as to build up a data pool, which provides
the basis for the subsequent feature word screening. Subsequently, using the the-
saurus, text analysis was conducted to count the keyword frequency for each listed
company. The data were classified to calculate the total word frequency, and log-

arithmic processing was applied to the results.

4.2.3. Control Variables

In order to improve the precision of the research in this paper, the factors that can
influence the digital transformation of enterprises that have been confirmed by
reference to existing studies are included in the control variables. These include:
enterprise gearing ratio debt_asset_ratio (total liabilities/total assets) (Hu et al.,
2023); Board size Boardsize (Huang et al., 2023); enterprise age (In(current year —
year of enterprise listing + 1)), enterprise size (In(total assets of enterprise + 1))
(Wang & Wang, 2023); book-to-market ratio BM (total assets/market capitaliza-
tion), Tobin’s Q (market value of the firm/replacement cost of the firm’s assets)
(Wu et al., 2021). All variables are defined as shown in Table 1.

*Words related to digital transformation include artificial intelligence, business intelligence, image

understanding, investment decision aid systems, intelligent data analytics, intelligent robotics, ma-
chine learning, deep learning, semantic search, biometrics, face recognition, voice recognition, iden-
tity verification, autonomous driving, natural language processing, big data, Data Mining, Text Min-
ing, Data Visualization, etc.
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Table 1. Definition of variables.

Typology Name (of a thing) Notation Define
. . . . Logarithmization based on text
Explanatory variable Enterprise Digital Transformation DT
and word frequency
0 - 1 variable, 1 indicates that the
Core explanatory variables Low-carbon city pilot policy DID company is in a pilot city after the
policy is implemented
Corporate gearing debt_asset_ratio Total liabilities/total assets
Board size Boardsize Unit: persons
Total assets of the enterprise size In(total business assets + 1)
. In(current year — year of listing of
Control variable Age of business Age

the enterprise + 1)

Market value of the
Tobin’s Q Q company/Replacement cost of
the company’s assets

Book-to-market ratio BM Total assets/market capitalization

Intermediary variable

Financing constraints Kz KZ index

Moderator variable

In(total local fiscal expenditures
Government capacity Ingc for the year/gross domestic
product for the year)

4.2.4. Mediating Variables (KZ)
Referring to Gao et al. (2021), the KZ index is selected to measure corporate fi-

nancing constraints.?

4.2.5. Moderating Variable: Government Capacity (Ingc)

Government capacity refers to the extent to which a government is actually able
to perform its duties and functions, and it covers how the government carries out
its tasks and the means by which it achieves these goals. It usually includes the
following aspects: policy formulation and implementation capacity, social govern-
ance capacity, economic development promotion capacity, public service delivery
capacity, and legal and regulatory arrangements. Referring to the idea of Hou et
al. (2024), this paper adopts fiscal expenditure efficiency to measure government
capacity, defined as the ratio of total local fiscal expenditure in the current year to

gross domestic product in the same year, followed by logarithmic transformation.

4.3. Modeling and Preliminary Statistical Analysis

In this paper, we use panel data of listed companies in China from 2000 to 2022,

*The steps for calculating the KZ Index are as follows: collect each company’s data on gearing, and
Tobin’s Q value.net cash flow from operations, cash dividends, cash holdings, Compare the ratio of
these financial data to total assets at the beginning of the period, as well as the gearing ratio and Tobin’s
Q value, with the median of the same industry for the same year. Each financial ratio is assigned a
value based on the comparison: if a ratio is below the industry median, it is labeled 1; if it is above or
equal to it, it is labeled 0. The five assigned values are summed up to obtain the KZ index.
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and conduct preliminary statistical analysis of the collected data before setting up
the required econometric model, so as to provide the basis for the set econometric

model. Table 2 demonstrates the descriptive statistics results of all variable series.

Table 2. Descriptive statistics of variables.

Variables Sample size Minimum Maximum Average (Statistics.) S.tandard Uppe.r Kurtosis Skewness
value values value deviation quartile

DT 16167 0 6.38 1.83 1.49 1.61 0.44 2.28
DID 16167 0 1 0.75 0.44 1 -1.13 2.28
debt_asset_ratio 16167 0.01 8.75 0.31 0.217 0.2797 10.057 359.9
Boardsize 16167 0 17 8.03 1.457 9 0.023 4.04
size 16167 17.64 27.121 21.876 1.075 21.748 0.715 4.186
Age 16167 0 3.401 1.69 0.915 1.791 -0.29 2.286
Q 16167 0.024 121.48 2.79 3.103 2.005 10.7 275.1
BM 16167 0.008 1.38 0.561 0.225 0.562 0.094 2.553
Ingc 16167 -13.91 —4.68 -6.49 1.09 -6.49 0.004 2.20
KZ 16167 -12.9 11.52 0.65 2.61 0.98 0.72 4.19

Source: Author’s calculations.

According to the research needs, this paper constructs the following economet-
ric model and digital transformation as the explanatory variable: low carbon city

pilot policy as the core explanatory variable
DT,, =B, +B,DID,, + ZleniControlsi’t +U, +¢, (1)

where the subscript 7 denotes firms, #is time, DT, denotes the degree of digital
transformation of firm 7 during period # DID;,is a binary (0 - 1) variable that
equals 1 if firm 7is located in a pilot city after the implementation of the policy
during period # Controls;, denotes a series of control variables; 1, is an individual
firm fixed effect; and ¢, isan exogenous perturbation term, which is assumed to
be independently and homoscedastically distributed. According to the previous

analysis, this paper expects B, to be positive to test hypothesis HI.

5. Empirical Analysis and Discussion
5.1. Baseline Regression
The examined direct impact is estimated first based on Model (1). The specific

regression results are shown in Table 3. From the parameter estimation results,

the following characteristics are observed:
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Table 3. Impact of digital transformation of low-carbon city pilot policies on enterprises.

DT
Variables
(1) (2) (3)
0.459%** 0.131%%* 0.021
DID
(11.99) (3.32) (0.51)
0.021%*%* 0.025%**
Boardsize
(2.66) (3.21)
—0.126** —0.138**
debt_asset_ratio
(-2.20) (-2.42)
0.273%%* 0.158*%*
Age
(17.49) (7.00)
0.115** -0.016
BM
(2.57) (-0.30)
0.315%** 0.246%+*
size
(18.05) (13.49)
0.008** 0.003
Q
(2.36) (0.77)
1.490%** —5.835%%* —4.364*%*
Constant
(51.32) (-15.87) (-11.38)
Hausman test 5.36** 409.61*** 106.23***
R-squared 0.011 0.129 0.147
Observations 16,166 16,166 16,166
yearfix NO NO YES
idfix YES YES YES

Note: *** denotes that the hypothesis test is statistically significant at 99% confidence level,
** denotes that it is statistically significant at 95% confidence level; * denotes that it is sta-

tistically significant at 90% confidence level, and in parentheses are the t value. Source:
Author’s calculations.

First, for the core independent variable (DID), the coefficient is positive and
remains significant both before and after adding the control variables, indicating
that the implementation of the low-carbon city pilot policy has a positive promo-
tion effect on the digital transformation of enterprises. After adding the control
variables, the regression coefficient of DID is 0.131, indicating that the implemen-
tation of the policy will increase the degree of digital transformation of enterprises
by 13.1% in the next year. This verifies that hypothesis H1 is valid.

Second, observing the coefficients of the control variables and their signifi-

cance, we find that firm growth, total firm size, firm age, book-to-market ratio,
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and board size all significantly and positively contribute to firm digital transfor-
mation, while gearing significantly inhibits firm digital transformation.
Third, after adding the control variables, the model passed the Hausman test,

indicating that the model was chosen correctly.

5.2. Robustness Tests
5.2.1. Parallel Trend Test

The double difference method requires that the control group and the treatment
group satisfy the parallel trend assumption, and the results are shown in Figure 1.
Before the implementation of the policy, the regression coefficient for the low-
carbon city pilot (DID) was not significantly different from 0, indicating that there
is no significant difference in the digital transformation of enterprises between the
two groups. This satisfies the parallel trends assumption, and after the implemen-
tation of the policy, the coefficient (DID) is significantly different from 0 at the
5% significance level, indicating that the degree of digital transformation in the
treatment group has risen significantly compared to the control group, indicating
that the policy has a sustained promotional effect on the digital transformation of

enterprises in low-carbon city pilots.

Policy Dynamic Effects

-0.5

t-3 t-2 t+1 t+2 t+3 t+4 t+5

Policy Timing

Figure 1. Parallel trend test.

5.2.2. Placebo Test

In order to exclude the influence of unobservable factors or omitted variables on
the experimental results, and to ensure that the policy effect is not due to random-
ization, this paper conducts a placebo test. Random sample of the same propor-
tion in the same year as the policy implementation is taken as the “pseudo” treat-
ment group, while the remaining enterprises serve as the control group. The ran-

dom regression is then repeated 500 times. The kernel density plot of the final
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estimated coefficients and their p-values for the low-carbon city pilot policy is
shown in Figure 2. The results show that most of the estimated coefficients are clus-
tered around zero and the vast majority of the p-values are above the p= 0.1 straight
line, which suggests that the difference between the treatment and control groups

is not significant in the placebo test, thus enhancing the robustness of the results.

<
—

Density
p value

T T T T T T T T T T
-1-0.8-0.6-04-020 0204 0.6 0.8 1
coefficient

kernel density curve ® pvalue ‘

Figure 2. Placebo test.

5.2.3. Substitution of Explanatory Variables

In order to further demonstrate the robustness of the conclusion that the low-
carbon city pilot policy promotes the digital transformation of enterprises, this
paper replaces the explanatory variables with the help of the digitization index
from the CSMAR database. The regression results are shown in Table 4 for the
low-carbon city pilot policy. The results, shown in columns (1) and (2) of Table
4, indicate that the low-carbon city pilot policy significantly promotes enterprises’
digital transformation at the 1% and 5% significance levels, both before and after

adding the control variables.

Table 4. Robustness test of on digital transformation of enterprises low-carbon city pilot

policies.
DT _index DT
Variables
(1) (2) (3)
4,047 1.804*** 0.1067**
DID
(17.54) (8.02) (2.16)
0.037 0.0349%**
Boardsize
(0.82) (3.27)
0.205 —0.1853**
debt_asset_ratio
(0.63) (=2.43)
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2.138%** 0.2768***
Age
(23.98) (13.28)
-0.057 0.0396
BM
(-0.22) (0.66)
2.099%** 0.3419%**
size
(21.10) (14.74)
0.084*%** 0.0070
Q
(4.37) (1.52)
34.508%** —13.376%** —6.4609***
Constant
(197.21) (-6.38) (-13.25)
Observations 16,166 16,166 8416
R-squared 0.023 0.194 0.135
yearfix NO NO NO
idfix YES YES YES

Note: *** denotes that the hypothesis test is statistically significant at 99% confidence level,
** denotes that it is statistically significant at 95% confidence level; * denotes that it is sta-
tistically significant at 90% confidence level, and in parentheses are the t value. Source:
Author’s calculations.

5.2.4. Rule out Competing Hypotheses

During the sample period, a number of green policies and digital transformation
policies were introduced concurrently. The impact of these policies may lead to
bias in the regression coefficient of the low-carbon city pilot policy on corporate
digital transformation, resulting in erroneous experimental outcomes. Therefore,
considering that the smart city pilot policy may have a positive effect on corporate
digital transformation and thus introduce bias into the experimental results, this
paper eliminates the influence of this policy on the experiment. Specifically, we
exclude city samples that were simultaneously affected by both the low-carbon
city pilot policy and the smart city pilot policy after their implementation, retain-
ing only the listed company samples influenced solely by the low-carbon city pilot
policy. The regression results are shown in column (3) of Table 4. The results
indicate that, at the 5% significance level, the coefficient of the DID (Difference-
in-Differences) term is significantly positive, demonstrating that the low-carbon
city pilot policy significantly promoted corporate digital transformation.

5.3. Endogenous Treatment

In the above section, we explored the impact of low-carbon city pilot policies on
the digital transformation of enterprises. However, these policies may introduce
modeling biases that create endogeneity problems, resulting in biased and incon-

sistent results when estimating the parameters of the baseline regression model.
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In addition, although this paper controls a series of variables affecting the digital
transformation of enterprises, there is still a possibility that some important ex-
planatory variables may be omitted and thus lead to endogeneity problems. For
this reason, this paper will add control variables and use the PSM-DID model for

endogeneity.

5.3.1. Consider Omitted Variables

Asset turnover (Total Asset Turnover = Sales Revenue/Average Total Assets) is a
core indicator of an enterprise’s operational efficiency, reflecting the comprehen-
sive ability of an enterprise to utilize its assets to generate revenue, and also di-
rectly affecting the enterprise’s cash flow generation ability. Digital transformation
requires enterprises to adjust their asset structure dynamically, and a higher asset
turnover ratio means that they usually have more stable cash flow, better asset
allocation capabilities, and process management efficiency. Therefore, asset turn-
over rate characterizes the agility of enterprise resource reallocation and provides
a key financial guarantee for enterprise digital transformation. Referring to Bai et
al. (2022), we add the control variable of asset turnover ratio, and the results of
the estimated parameters are shown in column (2) of Table 5. The results show
that the coefficient before DID is significantly positive at the 1% significance level,
indicating that the low-carbon city pilot policy significantly facilitates enterprise

digital transformation.

Table 5. Endogenous treatment of firms’ digital transformation by piloting low-carbon city

policies.
DT
Variables
(1) (2) (3)
0.1308*** 0.130*** 0.0687***
DID
(3.32) (3.29) (3.77)
0.0213%** 0.0211%** 0.0096***
Boardsize
(2.6646) (2.63) (2.60)
—0.1263** —0.130** —0.0561**
debt_asset_ratio
(=2.2043) (=2.27) (-2.12)
0.2734%** 0.271%*% 0.1207***
Age
(17.4911) (17.35) (16.58)
0.1152%* 0.118*** 0.0266
BM
(2.5687) (2.63) (1.28)
0.3149%** 0.318%** 0.1172%*%*
Size
(18.0546) (18.22) (14.52)
0.0079%* 0.00779*%* 0.0042%*+*
Q
(2.3559) (2.30) (2.72)
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0.0670***
asset_turnover_ratio
(2.85)
0.0170%**
green_cognition
(3.12)
—5.8346%** —5.943%** —2.0388***
Constant
(—15.8716) (-16.09) (-12.00)
Observations 14,323 14,323 14,323
R-squared 0.129 0.130 0.106
idfix Yes Yes
yearfix NO NO
o Adding control Adding control
Estimation method PSM-DID

variables variables

Note: *** denotes that the hypothesis test is statistically significant at 99% confidence level,
** denotes that it is statistically significant at 95% confidence level; * denotes that it is sta-
tistically significant at 90% confidence level, and in parentheses are the t value. Source:
Author’s calculations.

The green cognition of corporate executives also significantly influences the
digital transformation of enterprises. Strategic cognition theory suggests that the
subjective perceptions of senior management play a crucial role in shaping busi-
ness operations and decision-making, with executives’ perceptions and under-
standing of the external environment driving corporate behavior. Existing re-
search has shown that, under the “dual carbon” goals, executives with strong green
awareness tend to steer their companies toward greener and more sustainable de-
velopment paths. Given that digital transformation inherently possesses charac-
teristics of low carbon and environmental sustainability, firms led by executives
with strong green cognition are more likely to adopt digital transformation as a
means to achieve energy conservation and emission reduction goals. Following
established practices, this paper measures executive green cognition based on cor-
porate annual reports. Using text analysis methods, we select 19 keywords reflect-
ing managerial attention to green issues across three dimensions: green competi-
tive advantage cognition, corporate social responsibility cognition, and external
environmental pressure perception. These keywords include terms such as energy
conservation and emission reduction, environmental protection departments, en-
vironmental strategies, environmental inspections, environmental philosophies,
low-carbon environmental protection, and environmental management institu-
tions. Using Python software, we conducted keyword extraction, frequency anal-
ysis, and statistical processing from the sample firms’ annual reports. The fre-
quency of these keywords was used to calculate executive green cognition, which

was then log-transformed for further analysis. By incorporating executive green
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cognition as a new control variable, the final regression results are shown in col-
umn (3) of Table 5. At the 1% significance level, the pilot policy for low-carbon
cities significantly promoted enterprise digital transformation. Simultaneously,
executive green cognition also significantly facilitated enterprise digital transfor-

mation at the 1% significance level.

5.3.2. Propensity Score Matching (PSM-DID)

Propensity score matching is a method used to reduce selection bias between
treatment and control groups in observational studies. Its core idea is to simulate
arandomized experimental environment and improve the credibility of causal in-
ference by estimating the probability of each sample entering the treatment group
and then matching individuals with similar characteristics in the treatment and
control groups based on their scores. Since PSM-DID can mitigate the issue of
biased coefficients of key explanatory variables caused by model specification er-
rors to some extent, this paper adopts the PSM-DID method to reassess the coef-
ficients of explanatory variables.

In order to verify the reliability of the matching results, this paper carries out
the balance test. The final results are shown in Figure 3. They indicate that the
standard errors of each variable in the control and treatment groups are signifi-
cantly reduced, and the absolute value of the standard deviation is less than 5%.
Therefore, the double-difference balance assumption is satisfied. The final results
of the estimation of the parameters using PSM-DID are shown in column (1) of
Table 5: at 1% significance level, the coefficient before DID is significantly positive
and the coefficient is 0.1308, which indicates that the implementation of the pilot
policy of low carbon cities will make the digital transformation of enterprises in-
crease by 13.08%.

debt_as S et_rati O | b VSRR o
Q ............................................................................. PV @evenen
BM | @ e B
size |- @ e L
Board size | S PP LY N
Age EERY R R PR PR R [ EERRTRRTR Y Unmatched
x Matched
T T T T T
-20 -15 -10 -5 0 5

Standardized % bias across covariates

Figure 3. PSM-DID balance test.
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6. Expanded Analysis

The above study has obtained empirical evidence that promotes digital transfor-
mation of enterprises. Based on the above theoretical analysis, in the positive pro-
moting effect of the low-carbon city pilot policy on enterprise digital transfor-
mation, financing constraints play a mediating role, while government capacity
plays a positive moderating role. This section will delve into the mechanism of
action between low-carbon city pilot policies and enterprise digital transformation,
and examine whether there is any heterogeneity in the effects between the two.

6.1. Analysis of Intermediary Mechanisms

In order to test the mediating role, this paper will use the improved two-step
method proposed by Jiang (2022) and apply the following model (2) to test the

mechanism:
KZ., =B,+B,DID,, + Zl n.Controls, , + . +¢, (2)

where KZ,, denotes the financing constraints, and the meanings of the other
variables remain unchanged, where we expect 3, to be positive to verify H2.

In Table 6, column (1) and column (2) report the mediating effect of financing
constraints. From the results before and after adding control variables, at the 1%
significance level, the coefficients before DID are significantly positive, suggesting
that the pilot policy of low carbon cities significantly alleviates the financing con-
straints of firms, which is largely consistent with previous literature (Zhen, 2021;
Zhang et al.,, 2022). Meanwhile, referring to previous literature, Xu et al. (2023)
found that the higher the enterprise financing pressure, the more difficult the dig-
ital transformation. And Hua & Yu (2023) and Chen & Peng (2024) also found
that easing corporate financing constraints can promote corporate digital trans-
formation. Therefore, H2 holds.

Table 6. Analysis of mediating effects.

KZ KZ DT
Variables
(1) (2) (3)
1.0128*** 0.5972%** 0.131%*
DID
(9.56) (6.12) (3.32)
—0.1023 —17.3789%** —5.835%**
Constant
(-1.27) (=22.99) (-15.87)
Controls NO YES YES
yearfix NO NO NO
idfix YES YES YES
Observations 16,166 16,166 16,166
R-squared 0.007 0.194 0.129

Note: *** denotes that the hypothesis test is statistically significant at 99% confidence level,
** denotes that it is statistically significant at 95% confidence level; * denotes that it is sta-
tistically significant at 90% confidence level, and in parentheses are the t value. Source:
Author’s calculations.
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6.2. Analysis of Regulatory Mechanisms

For further analysis, to test the moderating role played by government capacity,
the paper constructs model (3) by further introducing an interaction term based
on Equation (1):

DT, =B, +B,DID,, +B,lngc,, +B,ingc,, xDID,, + 2 n,Controls,, +u, +¢, (3)

where Ingc,, denotes the level of government capacity in the region where the
I-th firm islocated during period ¢ and the meanings of the other variables remain
unchanged. This paper expects 3 to be positive in order to validate H3.

In Table 7, columns (1) and (2) of Table 7 report the moderating effect of gov-
ernment capacity. From the results, it can be seen that after adding control varia-
bles, at the 5% and 1% significance levels, the low-carbon city pilot policy still
plays a significant role in promoting the digital transformation of enterprises. Ad-
ditionally, the coefficients for the interaction term are significantly positive at the
5% significance level. This indicates that government capacity positively moder-
ates the effect of the low-carbon city pilot policy on the digital transformation of

enterprises. Therefore, H3 is supported.

Table 7. Analysis of moderating effects.

DT
Variables
(1) (2)
0.1258** 0.1527%%*
DID
(2.18) (2.60)
0.0163** 0.0203**
Ingc x DID
(2.08) (2.54)
0.0495%** 0.0396***
Ingc
(6.61) (5.20)
—0.0054%**
Boardsize
(-3.39)
0.0347%%*
debt_asset_ratio
(2.69)
0.0057**
Age
(2.07)
-0.0149
BM
(-0.99)
—0.0212%**
size
(-7.96)
0.0056***
Q
(4.02)
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0.4509*%* 0.8639***
Constant

(8.11) (11.24)

yearfix NO NO

idfix YES YES
Observations 13,257 13,257

R-squared 0.072 0.082

Note: *** denotes that the hypothesis test is statistically significant at 99% confidence level,
** denotes that it is statistically significant at 95% confidence level; * denotes that it is sta-
tistically significant at 90% confidence level, and in parentheses are the t value. Source:
Author’s calculations.

6.3. Heterogeneity Analysis

6.3.1. Heterogeneity of Enterprise Life Cycles

It has been found that due to the difference in the life cycle of the enterprise, the
goals set by the enterprise will also be different. Therefore, drawing on the division
of the life cycle of enterprises by Huang et al. (2016), this paper divides the life
cycle of enterprises into the growth period, maturity period, and decline period
based on the cash flow of enterprises. From Table 8, the pre-DID coefficients for
firms in the growth and maturity periods are positive and significant at the 1%
level, while those for firms in the decline period are not significant at the 10%
level. This suggests that there is heterogeneity in the impact of the life cycle on the
digital transformation of firms. The Low Carbon City Pilot policy more signifi-
cantly promotes the digital transformation of growing and mature firms. This may
be explained by the fact that firms in the growth stage have market expansion and
competitiveness improvement as their core objectives, while mature firms seek to
extend their life cycle through innovation. Both tend to adopt digital transfor-
mation to capture efficiency gains or new growth points. For declining companies,
on the other hand, the strategic focus is usually on short-term survival, and man-
agement may be more concerned with immediate financial returns than long-
term investments. The longer payoff cycle of digital transformation does not match
the strategic priorities of declining firms. In addition, the p-value of Fisher’s within-
group difference test is 0.1, indicating that at the 10% significance level, the dif-
ference in the life cycle of the firms leads to significant heterogeneity in the effect

of the digital transformation of the pilot low-carbon city policy on the firms.

Table 8. Life cycle heterogeneity.

DT
Variables
Growing Maturity Recession
0.223%** 0.111* 0.117
DID
(3.48) (1.76) (0.43)
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0.639*** 0.629*** 0.154
Constant
(5.26) (5.02) (0.31)
Controls YES YES YES
yearfix NO NO NO
idfix YES YES YES
Group Not Recession Recession
Fisher test (p) 0.1
Observations 6807 6538 591
R-squared 0.120 0.091 0.079

Note: *** denotes that the hypothesis test is statistically significant at 99% confidence level,
** denotes that it is statistically significant at 95% confidence level; * denotes that it is sta-
tistically significant at 90% confidence level, and in parentheses are the t value. Source:
Author’s calculations.

From the discovery, we advise that: First, Improve the Enterprise Lifecycle
Identification Mechanism. It is recommended that a dynamic evaluation system
be built that enables the precise identification of enterprises in the decline phase
through regular diagnostics, providing data support for targeted policy interventions.
Second, a Categorized Governance Incentive Scheme for Digital Transformation
should be implemented. For growth and mature-phase enterprises, strengthen mar-
ket incentive mechanisms. For example, incorporate the application of digital
technologies into the carbon emission trading accounting system, allowing enter-
prises to exchange additional quotas based on their digital decarbonization achieve-
ments. However, for enterprises in the decline phase: adopt a step-by-step inter-
vention strategy of “feasibility assessment—resource restructuring—targeted sup-
port,” focusing on supporting the digital transformation of production processes

rather than disruptive innovation, to avoid resource misallocation.

6.3.2. Heterogeneity of Industries in Which Operate Firms

In addition, the difference in the industries in which the enterprises are located
further affects the effect of the low-carbon city pilot policy on the digital transfor-
mation of enterprises. From the regression results in Table 9, the pre-DID coeffi-
cients of enterprises located in non-heavily polluted industries are positive and
significant at the 1% significance level, while the pre-DID coefficients of enter-
prises located in heavily polluted industries are not significant. This suggests that
there is heterogeneity in the impact of the industry on the digital transformation
of firms. The low-carbon city pilot policy more significantly promotes the digital
transformation of firms located in non-heavily polluting industries. This may be
explained by the fact that firms in heavily polluted industries have highly solidified
production equipment and processes, and digital transformation requires disrup-

tive reconfiguration of production lines, involving more serious technical difficul-
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ties and sunk costs. At the same time, heavy-polluting industries face stricter en-
vironmental regulations and need to prioritize resources to meet compliance re-
quirements, crowding out the financial and technological resources needed for
digital transformation. In addition, heavily polluting industries face greater fi-
nancing constraints due to their high environmental risks, making it more diffi-
cult for them to obtain green credits and bonds. The above factors together lead
to a low willingness to digitally transform companies in heavily polluting indus-
tries. In addition, the p-value of Fisher’s within-group difference test is 0.08, indi-
cating that at the 10% significance level, the differences in the industries where the
enterprises are located lead to significant heterogeneity in the effects of the digital

transformation promoted by the low-carbon city pilot policy on the enterprises.

Table 9. Heterogeneity of industries in which firms operate.

DT
Variables
NO YES
0.183%** 0.0269
DID
(3.97) (0.32)
—5.855%** —5.538%**
Constant
(~=13.53) (—6.60)
Controls YES YES
yearfix NO NO
idfix YES YES
Fisher test (p) 0.08
Observations 10,608 2604
R-squared 0.137 0.105

Note: *** denotes that the hypothesis test is statistically significant at 99% confidence level,
** denotes that it is statistically significant at 95% confidence level; * denotes that it is sta-
tistically significant at 90% confidence level, and in parentheses are the t value. Source:
Author’s calculations.

Based on this, the following policy recommendations and solutions are pro-
posed: Firstly, targeted support measures should be implemented for heavy-pol-
luting industries, such as providing special funds and subsidies to encourage the
adoption of environmentally friendly technologies and digital solutions, while
strengthening employees’ digital skills training to enhance their technical appli-
cation capabilities. Secondly, stricter yet flexible environmental standards and in-
centive mechanisms, such as tax incentives and green certification rewards,
should be tailored for these industries to reduce their transformation costs and
improve market competitiveness. Additionally, cooperation platforms involving
the government, enterprises, and research institutions should be established to
promote technology sharing and innovation, especially in developing digital trans-
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formation solutions applicable to heavy-polluting industries, thereby accelerating
the application of advanced technologies. Finally, the development of green finan-
cial tools, such as green bonds and carbon trading markets, should be promoted,
along with supporting the implementation of pilot projects and the widespread

dissemination of successful cases to stimulate broader participation.

6.3.3. Heterogeneity of Enterprise Types

Finally, from the perspective of enterprise type, it is also possible that differences
in enterprise type may affect the effectiveness of the low-carbon city pilot policy
on the digital transformation of enterprises. From the regression results in Table
10, the pre-DID coefficients of technology-intensive enterprises are positive and
significant at the 1% significance level, while the pre-DID coefficients of enter-
prises located in labor-intensive and capital-intensive types are not significant.
This suggests that there is heterogeneity in the impact of firm type on the digital
transformation of firms, and that the Low Carbon City Pilot Policy more signifi-
cantly promotes the digital transformation of technology-intensive firms. This
may be explained by the fact that technology-intensive firms usually already have
a high level of technology and continue to invest in R&D activities, have a strong
innovation capacity, and have less difficulty and stronger willingness to digitally
transform. In contrast, since labor-intensive firms mainly rely on a large amount
of labor rather than advanced technology for production, the main challenges
faced by such firms in implementing digital transformation include the lack of
necessary technical support and sufficient capital investment. At the same time,
capital-intensive enterprises have a large number of fixed assets, and the cost of
adapting the use of such equipment once it is in place is high. Although low-car-
bon city pilot policies encourage energy efficiency and carbon emission reduction,
capital-intensive firms may find it difficult to quickly change their existing pro-
duction model to take full advantage of the benefits of these policies, resulting in
alow willingness to digitally transform. In addition, the p-value of Fisher’s within-
group difference test is 0.02, indicating that differences in firm types lead to sig-
nificant heterogeneity in the effect of the low-carbon city pilot policies on the dig-
ital transformation of firms at the 5% significance level.

Table 10. Heterogeneity of firm types.

DT
Variables
Labor Capital Technology
—-0.00420 0.122 0.273%%*
DID
(-0.06) (1.13) (4.59)
—5.057*** —5.557*%** —5.938***
Constant
(-6.01) (-4.87) (~=10.50)
Controls YES YES YES
yearfix NO NO NO

DOI: 10.4236/Ice.2025.162002

41 Low Carbon Economy


https://doi.org/10.4236/lce.2025.162002

L. L. Duan, Z. Y. Lin

Continued
idfix YES YES YES
Group Not Technology Technology
Fisher test (p) 0.02
Observations 3177 1799 7120
R-squared 0.080 0.071 0.163

Note: *** denotes that the hypothesis test is statistically significant at 99% confidence level,
** denotes that it is statistically significant at 95% confidence level; * denotes that it is sta-
tistically significant at 90% confidence level, and in parentheses are the t value. Source:
Author’s calculations.

Based on this, we suggest that: First, customized support programs should be
provided for labor-intensive and capital-intensive enterprises. For instance, spe-
cial funds or subsidies can be established to specifically support these enterprises
in their investments in energy conservation, emissions reduction, and automation
upgrades, thereby reducing the costs of their digital transformation. At the same
time, efforts should be made to encourage the development of digital tools and
technical solutions tailored to these enterprises, enhancing production efficiency
and environmental friendliness. Second, education and training should be strength-
ened, with a particular focus on improving employees’ digital skills and environ-
mental awareness. By organizing training sessions, workshops, and other activi-
ties, necessary knowledge and skills can be imparted to employees, helping them
adapt to the changes brought about by digital transformation. This is especially
crucial for labor-intensive industries. Thirdly, cross-industry collaboration plat-
forms should be established to promote exchanges and cooperation between tech-
nology-intensive enterprises and other types of businesses. Such collaboration can
not only accelerate the application and diffusion of advanced technologies but also
help labor-intensive and capital-intensive enterprises better understand how to

leverage digital technologies to achieve their transformation goals.

7. Conclusions and Policy Recommendations

Along with the accelerated pace of building a modernized and beautiful socialist
country, China is paying more and more attention to the protection and govern-
ance of the environment. Under the background of the “dual carbon” policy, many
green policies have been put forward one after another, among which the pilot pol-
icy of low-carbon cities requires cities to realize high-quality development through
green and low-carbon transformation, while enterprises, as the micro-body of the
national economy, can effectively reduce carbon emissions, optimize the indus-
trial structure, and significantly improve the characteristics of social production
efficiency coincide with this goal. The characteristics of enterprise digital trans-
formation coincide with this goal because it can effectively reduce carbon emis-
sions, optimize industrial structure, and significantly improve social production

efficiency. In this context, unlike general research, this paper innovatively studies
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the relationship between the pilot low-carbon city policy and the digital transfor-
mation of enterprises, and meticulously explores the mechanism and effect of pro-
moting the digital transformation of enterprises, and summarizes the conclusions
of the study as follows the policy.

First, pilot policies in low-carbon cities can significantly improve the digital
transformation of firms. This conclusion still holds after a series of robustness
tests such as replacing the explanatory variables, parallel trend test, placebo test,
and endogeneity treatments such as adding control variables for omitted variables
and adopting propensity to match score (PSM-DID).

Second, mechanistic studies have shown that pilot low-carbon city policies can
alleviate corporate financing constraints and thus facilitate digital transformation,
while government capacity plays a positive moderating role between the two.

Thirdly, the heterogeneity study shows that the promotion effect of the low-
carbon city pilot policy on the digital transformation of enterprises varies by en-
terprise type, with the promotion effect being more significant among technology-
intensive enterprises. Meanwhile, from the technology-intensive perspective of
the industry in which the enterprises are located, the positive promotion effect of
digital transformation is more significant. The pilot low-carbon city policy on the
enterprises located in non-heavily poll industries is located in heavily polluted en-
terprises. In addition, from the perspective of the different life cycles of enter-
prises, the low-carbon city pilot policy has a more significant positive effect on the
digital transformation of enterprises in growing and mature enterprises.

Based on the above empirical findings, this paper draws several insights as fol-
lows:

First, it is recommended that the coverage of the policy be expanded on the
basis of the existing pilot projects, and that a “gradient + differentiation” promo-
tion mechanism be established to avoid the mismatch of resources caused by the
“one-size-fits-all” policy. In view of the heterogeneous characteristics identified
in the study, priority should be given to expanding the policy to technology-in-
tensive industrial agglomerations and regions with a concentration of non-heavily
polluting industries, and at the same time establishing digital transformation demon-
stration zones in mature industrial parks.

Second, improving financing channels. For all types of enterprises, especially
those facing financial bottlenecks in the process of digital transformation, the
Government should introduce more targeted financial policies, such as setting up
special funds and lowering the threshold for loans, to alleviate the problem of cor-
porate financing constraints. At the same time, it should strengthen cooperation
among financial institutions, encourage banks and other financial institutions to
provide more flexible financing solutions for low-carbon projects, and strengthen
the evaluation capacity of these projects to ensure the effective use of funds.

Thirdly, the role of the government should be played. As an authority, the gov-
ernment can, through demonstration effects, incentive mechanisms and policy

guidance, create a favorable environment for the digital transformation of enter-
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prises. At the same time, optimize the proportion of livelihood expenditures to
improve the quality of public services and continue to optimize the structure of
factor endowments and the development of the soft environment so as to provide
enterprises with a good external environment. For example, the education system
should be reformed to improve the digital technology level of the workforce con-
struction and the maintenance of the necessary ICT infrastructure for the digital
transformation of enterprises.

It is worth mentioning that although this paper reveals in depth the intrinsic
relationship between low-carbon policies and enterprise digital transformation,
there are still some limitations that deserve further in-depth research in the future.
First, this paper uses a static panel for estimation and lacks the ability to capture
the low-carbon city pilot policies’ ability to have long-term dynamic impacts on
enterprise digital transformation. More in-depth research in the future can start
from a low-carbon city pilot policies perspective. In addition, although this paper
derives the long-term dynamic impacts of low-carbon city pilot policies on enter-
prise digital transformation, two financing constraints and government capacity
key mediating and regulating mechanisms, more mechanisms of the s effect on
the digital transformation of enterprises on the way still need to be explored, such
as green technological innovation and low-carbon city pilot policy “executives”
green perceptions. Finally, this paper only explores the impact of low-carbon city
pilot policies on enterprise digital transformation, and more in-depth research can

be conducted on other related green policies in the future.
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