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Abstract: In recent years, the coordinated development of digital finance has significantly influenced
corporate financing behavior and shadow banking activities. However, the relationship between
digital finance and shadow banking, particularly under the influence of environmental regulation,
remains underexplored. This study utilizes data from non-financial firms listed on the Shanghai and
Shenzhen Stock Exchanges in China from 2012 to 2022, constructing an index of the coordinated
development of digital finance using a coupling coordination model. It investigates the impact
mechanism of coordinated development of digital finance on corporate shadow banking activities
under environmental regulation. The results reveal that the coordinated development of digital
finance significantly promotes shadow banking activities of non-financial firms, demonstrating a "U-
shaped" nonlinear relationship. Environmental regulation moderates this effect. Under low-intensity
environmental regulation, an increase in regulation strengthens the promoting impact of digital
finance on shadow banking activities and weakens its nonlinear influence. In contrast, under high-
intensity environmental regulation, digital finance's "U-shaped" effect on shadow banking activities
becomes less pronounced. Furthermore, heterogeneity analysis shows that the promoting effect is
more significant for firms facing higher financing constraints, state-owned firms, and regions with
higher marketization. This study provides empirical evidence on the dynamic evolution of shadow
banking activities and offers policy recommendations for optimizing environmental regulations and
promoting the development of digital finance.

Keywords: Coordinated Development of Digital Finance; Shadow Banking Activities; Environmental
Regulation; China

1. Introduction

Amid the global shift toward digital transformation, the financial sector is undergoing
unprecedented changes. Leveraging advanced technologies, including big data, cloud computing,
artificial intelligence, and digital finance, has reshaped the financial service system and profoundly
impacted corporate financing models and economic behavior. Meanwhile, shadow banking activities
among non-financial firms have become increasingly prominent, attracting considerable attention
from academia and policymakers. Against the backdrop of global efforts to combat climate change
and promote sustainable development, environmental regulation has emerged as a key policy tool
for balancing economic growth and ecological protection. It influences corporate financing decisions
and may significantly impact the relationship between digital finance and corporate shadow banking
activities. Therefore, understanding the mechanism through which the coordinated development of
digital finance affects the shadow banking activities of non-financial firms under environmental
regulation is of theoretical and practical significance.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Digital finance has become a focal point in academic research in recent years. A substantial body
of literature has explored its effects on corporate innovation, total factor productivity, and financing
behavior. Studies suggest that the development of digital finance can significantly promote corporate
technological innovation by enhancing profitability, reducing borrowing costs, optimizing financing
structures, and mitigating financial mismatches (Xie and Zhu, 2021) [1]. Additionally, digital finance
reduces information asymmetry, improves the efficiency of credit resource allocation, and further
enhances corporate total factor productivity (Jiang and Jiang, 2021) [2]. The widespread adoption of
digital finance has also accelerated the transformation of financial institutions' operating models. By
leveraging intelligent risk management and big data analysis, digital finance optimizes capital
allocation, reduces financial service costs (Dermertzis et al., 2018; Lu, 2018) [3,4], improves financing
structures, enhances the efficiency of financial institutions, and broadens financing channels (Lin et
al., 2021) [5]. However, some studies argue that digital finance may face limitations in alleviating
corporate financing constraints due to technological gaps (Gomber et al., 2018) [6].

While research on digital finance is abundant, studies on the shadow banking activities of non-
financial firms have primarily focused on its economic consequences and influencing factors. On the
financial front, factors such as market monopolies, unequal financing access, and financial resource
misallocation drive certain firms toward excessive borrowing, with surplus funds often directed
toward shadow banking activities. This phenomenon is particularly evident in regions with higher
economic development but lower levels of market-based resource allocation, notably among zombie
firms, underperforming firms, state-owned firms, and companies with low growth potential (Liu et
al., 2014; Wang et al., 2015) [7,8]. Furthermore, corporate financing structures are positively correlated
with shadow banking activities. Firms with extensive supply chain networks and greater access to
upstream and downstream information are likelier to engage in shadow banking. From a corporate
governance perspective, dispersed ownership structures may increase coordination costs and
weaken executive oversight, thus encouraging shadow banking activities (Huang and Jia, 2023) [9].
Conversely, founders with substantial control rights may suppress shadow banking activities by
reducing corporate risk tolerance. On the macroeconomic level, capital market openness enhances
corporate transparency and strengthens external governance, thereby curbing shadow banking
activities (Huang and Yao, 2021) [10]. However, financial resource misallocation can exacerbate firms'
motivation to engage in shadow banking (Han and Li, 2020; Bai et al., 2022) [11,12].

In the context of digital finance, the key indicator for measuring its coordinated progress is the
level of coordinated development of digital finance, encompassing coverage breadth, usage depth,
and digitalization degree. Unlike traditional financial systems, digital finance transcends spatial and
temporal constraints, offering firms more diverse financing channels. However, the existing literature
does not agree on the relationship between digital finance and corporate shadow banking activities.
Some studies suggest that in the early stages of digital finance development, improved access to
formal credit reduces firms' reliance on shadow banking financing (Fu and Huang, 2018) [13]. Yet, as
digital finance continues to advance, firms may increasingly exploit the flexibility and innovation of
digital finance for regulatory arbitrage, engaging in shadow banking activities (Gong et al., 2014) [14].
Under loose financial regulation, companies may utilize digital financial platforms for activities such
as asset securitization to achieve greater financial leverage. Consequently, the impact of the
coordinated development of digital finance on corporate shadow banking activities may exhibit
complex, nonlinear dynamics rather than a simple linear relationship.

This study makes the following marginal contributions: First, it constructs an index of the
coordinated development of digital finance. By integrating three secondary indicators—coverage
breadth, usage depth, and the digitalization degree of inclusive finance—and applying a coupling
coordination model, this study provides a comprehensive measure of the coordinated development
level of digital finance, offering a novel quantitative tool and analytical perspective for related
research. Second, it analyzes the impact of digital finance on corporate shadow banking activities
from a heterogeneous perspective. This study further examines the role of financing constraints,
ownership structure, and marketization level in the underlying mechanism, aiming to uncover the
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distinctive financial behaviors of different types of firms. Third, it reveals the complex relationship
between digital finance, environmental regulation, and corporate shadow banking activities. By
establishing a unified analytical framework, this study investigates the "U-shaped" relationship
between the coordinated development of digital finance and corporate shadow banking activities
and examines the moderating effect of environmental regulation. The findings offer valuable policy
insights for financial regulators in formulating differentiated regulatory policies.

The remainder of this paper is structured as follows: Section 2 constructs the theoretical
framework and proposes research hypotheses. Section 3 introduces the data sources, model
specifications, and variable measurement methods. Section 4 reports the baseline regression results,
robustness tests and heterogeneity analysis from the perspectives of financing constraints, ownership
structure, and geographical location. Section 5 further explores the "U-shaped" relationship between
the coordinated development of digital finance and corporate shadow banking activities and the
moderating role of environmental regulation. Section 6 summarizes the research conclusions and
proposes policy recommendations.

2. Theory and Hypotheses

2.1. Coordinated Development of Digital Finance and Its Promotion of Shadow Banking Activities Among
Non-Financial Firms

The coordinated development of digital finance measures the extent of its balanced progress
across multiple dimensions, including coverage breadth, usage depth, and digitalization level,
aiming to establish an efficient and interconnected financial ecosystem. By leveraging advanced
technologies such as big data, cloud computing, and artificial intelligence, digital finance
fundamentally overcomes traditional financial services' time and space limitations. It significantly
enhances the accessibility and allocation efficiency of financial resources, providing non-financial
firms with more diversified and convenient financing channels. In the context of ongoing financial
repression, credit constraints, and financing discrimination, some non-financial firms may engage in
shadow banking activities driven by regulatory arbitrage motives, taking advantage of the flexibility
and innovation of digital finance to meet their financing needs and pursue excess returns (Gong et
al., 2014) [14]. In this process, the level of coordinated development of digital finance is critical in
influencing corporate shadow banking activities.

First, from the perspective of coverage breadth, digital finance leverages the openness and
convenience of the Internet to lower the barriers to financial service access, expanding financial
service coverage and providing small and medium-sized firms (SMEs) with more diverse financing
channels (Xie et al., 2015) [15]. Research has shown a significant positive correlation between the wide
coverage of digital finance and the financing accessibility of micro and small firms, indicating its role
in alleviating corporate financing difficulties (Guo et al., 2020) [16]. Therefore, in regions with a higher
level of coordinated development of digital finance, the synergistic effect of expanded coverage will
become more pronounced, facilitating non-financial firms in obtaining stable sources of funding,
which may accelerate shadow banking activities.

Second, from the perspective of usage depth, the continuous innovation of digital financial
products and services enables firms to select from various financing options, including supply chain
finance, online lending, and intelligent wealth management, based on their operational
characteristics, funding needs, and risk tolerance. Studies have shown that in supply chain finance,
digital finance can accurately assess credit risk and optimize capital allocation by leveraging real
transaction data, thereby promoting industrial chain collaboration (Gu and Yang, 2018) [17]. When
the coordinated development of digital finance is at a higher level, its usage depth synergizes with
coverage breadth and digitalization level to optimize financial resource allocation and meet firms'
diverse financing demands. However, this financing convenience may encourage firms to expand
their shadow banking activities further to secure additional funds in certain situations.
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Finally, from the perspective of the digitalization level, digital finance has achieved substantial
progress through technologies such as big data, blockchain, and artificial intelligence. The
advancement of digitalization enables digital finance to conduct more precise credit risk assessments,
reducing information asymmetry (Guo et al., 2020) [16]. For example, blockchain technology ensures
transparency and immutability of transaction information, fostering trust between parties and
reducing credit risk (Yao, 2018) [18]. Additionally, artificial intelligence algorithms can conduct in-
depth analyses of massive datasets, providing firms with customized financial services. During the
coordinated development of digital finance, digitalization enhances the innovation of financial
products and services, enabling firms to utilize digital financial advantages to engage in shadow
banking activities for additional funding.

Based on the above analysis, the following hypothesis is proposed:

Hypothesis 1(H1). Coordinated development of digital finance significantly promotes shadow
banking activities among non-financial firms.

2.2. The "U-Shaped” Relationship Between the Coordinated Development of Digital Finance and Shadow
Banking Activities

In the early stages of digital finance development, the coordinated development level is mainly
reflected in the rapid expansion of coverage breadth and usage depth. By utilizing advanced digital
technologies such as big data, cloud computing, and artificial intelligence, digital finance significantly
reduces information asymmetry and financing costs (Lu, 2018) [4]. On the one hand, digital finance
enhances information matching efficiency between fund suppliers and demanders, making it easier
for firms to access formal financing channels, thereby reducing their reliance on shadow banking. On
the other hand, compared to traditional financial institutions, digital finance strengthens data
collection and analysis capabilities, lowering financing costs and reducing credit risks for financial
institutions (Xie et al., 2018) [19].

Additionally, digital finance complements traditional financial services through innovative
platforms, providing cost-effective, fast, and inclusive financial services that lower entry barriers and
reduce service costs (Huang and Huang, 2018) [20]. During this phase, digital finance's formal
financial services partially replace the functions of shadow banking (He and Miao, 2015) [21],
increasing corporate access to formal credit (Fu and Huang, 2018) and reducing corporate reliance on
shadow banking. Therefore, at this initial stage, the coordinated development of digital finance
generally suppresses shadow banking activities.

However, as digital finance continues to develop, the complexity of the financial market and
innovation increase. Small and medium-sized digital financial platforms, due to their short
development history, often lack advanced technological capabilities, mature operational models, and
robust risk management mechanisms. It results in persistent information asymmetry, limiting their
effectiveness in alleviating corporate financing constraints and prompting some firms to seek funding
from shadow banking (Gomber et al., 2018) [22].

Moreover, the rapid innovation of digital financial services often outpaces regulatory
frameworks, providing firms with opportunities for regulatory arbitrage. Many financial innovations
are closely linked to shadow banking systems, further encouraging corporate engagement in shadow
banking activities (Buchak et al., 2018) [23]. In China, since 2013, the proliferation of Internet lending
platforms has played a significant role in addressing the financing challenges of SMEs and promoting
financial inclusion. However, the lag in financial regulation has transformed "Internet + Finance" into
a tool for regulatory arbitrage and disorderly expansion, leading to excessive risk-taking and even
Ponzi schemes. This deviation from the original purpose of financial inclusion has intensified
corporate financing constraints, increasing reliance on shadow banking funds (Zhu et al., 2018) [24].

During this phase, market complexity increases significantly with continuous advancements in
digitalization and frequent financial product innovations. Unlike the initial phase, the interaction of
various dimensions alters the overall effect, causing the impact of coordinated development of digital
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finance on corporate shadow banking activities to shift from suppression to promotion, forming a
"U-shaped" relationship.
Based on the above analysis, the following hypothesis is proposed:

Hypothesis 2(H2). A "U-shaped" nonlinear relationship exists between the coordinated development
of digital finance and shadow banking activities among non-financial firms.

2.3. The Moderating Role of Environmental Regulation

Environmental issues have become a focal point in global efforts to address climate change and
promote sustainable development (IPCC, 2021). Governments implement environmental regulations
to regulate corporate ecological behavior, promote resource efficiency, and drive green industrial
transformation (Porter & Kramer, 2006) [25]. Environmental regulation significantly alters corporate
operational costs and revenue structures, influencing strategic decisions, particularly in financing.
With the increasing importance of digital finance, understanding how ecological regulation
moderates the relationship between the coordinated development of digital finance and shadow
banking activities is of theoretical and practical significance.

Under low environmental regulation, compliance costs remain low, and environmental
protection requirements exert minimal constraints on corporate activities. In this scenario, firms may
prefer shadow banking for financing polluting projects due to its lower cost and lenient oversight
(Zhang et al., 2011) [26]. Shadow banking institutions often impose weaker environmental risk
assessments, making it easier for firms to obtain financing (Wang et al., 2019) [27]. Enhanced digital
finance coordination may further amplify this effect, accelerating shadow banking activities.

Under high environmental regulation, stricter ecological policies compel firms to adopt green
technologies, fulfil their environmental responsibilities, and shift towards sustainable practices
(Chakraborty & Chatterjee, 2017) [28]. Digital finance, particularly in the form of green finance
innovations, promotes the availability of environmentally friendly loans and green investment
options. Consequently, firms are more likely to rely on formal financial channels than shadow
banking. It reduces digital finance's "U-shaped" effect on shadow banking activities.

Based on this analysis, the following hypotheses are proposed:

Hypothesis 3a(H3a). Under low environmental regulation, increased regulation strengthens the
positive effect of coordinated development of digital finance on shadow banking activities while
weakening its nonlinear effect.

Hypothesis 3b(H3b). Under high environmental regulation, the "U-shaped" effect of coordinated
development of digital finance on shadow banking activities becomes less pronounced.

3. Methods
3.1. Models

3.1.1. Baseline Regression Model

To explore the impact of the coordinated development of digital finance on shadow banking
activities of non-financial firms, the following baseline regression model is established:

Shadowbank;; = ay + o; CDDFj; + a,Controls;; + pj + A + & (1)

Where i represents the firm, t represents the year, and j represents the industry. Shadowbank;,
is the dependent variable, measuring the level of shadow banking activities of firm i in year t. CDDF;;
is the key independent variable representing the coordinated development of digital finance. A set
of control variables, denoted as Controls, is included to control for other factors that may affect
corporate shadow banking activities. The model incorporates year and industry-fixed effects to
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eliminate the influence of time trends and industry differences, with year-fixed effects represented
by A and industry-fixed effects represented by p;. The term g;; represents the random error term
in the model. The coefficient of primary interest a; captures the impact of the coordinated
development of digital finance on corporate shadow banking activities. A significantly positive
a,indicates that the coordinated development of digital finance promotes corporate shadow banking
activities while a significantly negative o; suggests that it inhibits corporate shadow banking
activities.

3.1.2. Difference-in-Differences (DID) Model

A quasi-natural experiment is constructed using a DID model to investigate further the effect of
coordinated development of digital finance on shadow banking activities of non-financial firms.
Firms are categorized into treatment and control groups based on ownership type, with private firms
as the treatment group and state-owned firms as the control group. The DID model is specified as
follows:

Shadowbank;; = By + B1(Treat X Post);; + B,Controls;; + A + & )

Where Post is a time dummy variable, equal to 0 for years before 2015 and 1 for years from 2015
onwards. Treatment is a group dummy variable, equal to 1 for private firms (treatment group) and 0
for state-owned firms (control group). PostxTreat is the interaction term representing the DID effect.
If B, is significantly positive, it indicates that private firms exhibit a tremendous increase in shadow
banking activities compared to state-owned firms after the policy implementation.

3.1.3. Parallel Trend Test Using Dynamic DID Model

To test the parallel trend assumption and verify whether there were significant differences
between the treatment and control groups before the policy implementation, this study constructs a
dynamic Difference-in-Differences (DID) model, as specified in Equation (3):

Shadowbank;; =y, + vy, (Before X Treat); + v, (After X Treat);

3
+ yzControls; ¢ + A + €;¢ o

Where Before is a dummy variable representing the years before the event (taking a value of 1
before the event year and 0 otherwise), and After is a dummy variable representing the years after
the event (taking a value of 1 after the event year and 0 otherwise). If y; is not statistically significant
and vy, is significantly positive, it indicates no significant differences in corporate shadow banking
activities between the control group and the treatment group before the policy implementation, while
a significant difference emerged after the policy implementation. It would satisfy the parallel trend
assumption of the DID model.

3.1.4. Nonlinear Effect Model

To explore the nonlinear impact of the coordinated development of digital finance on corporate
shadow banking activities, this study constructs the model as shown in Equation (4):

Shadowbank;; = 0y + 6;,CDDF;;+0,CDDF2;; + o;Controls;; + A¢ + & 4)

Where CDDEF2 represents the quadratic term of the coordinated development of digital finance,
0, captures the nonlinear effect.A significantly positive o, indicates a "U-shaped" relationship
between the coordinated development of digital finance and shadow banking activities.

3.1.5. Model with Environmental Regulation as a Moderator

To further explore the moderating effect of environmental regulation on the relationship
between the coordinated development of digital finance and shadow banking activities, the following
interaction model is established:
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Shadowbank;; = ¢, + ¢,CDDF;;+¢,CDDF2; + ¢3Er + ¢,CDDF X Er

5
+ @5CDDF2 X Er + @¢Controls;; + A, + €;¢ ©)

Where Er represents the level of environmental regulation, CDDFxEr captures the interaction
effect between the coordinated development of digital finance and environmental regulation, and
CDDE2xEr captures the interaction effect between the squared term of the coordinated development
of digital finance and environmental regulation.

3.2. Sample and Data Collection

This paper selects sample data from listed companies in Shanghai and Shenzhen between 2012
and 2022 and the Digital Inclusive Finance Index developed by the Peking University Digital Finance
Research Center for the study. Data related to the selected sample companies is obtained from
CSMAR, while data on the development of digital finance comes from research reports disclosed by
the Peking University Digital Finance Research Center. The sample screening and processing work
is conducted following these steps: First, exclude data from companies in the financial and insurance
industries, as the characteristics of this industry differ from the study's focus and could interfere with
the generalizability of the results; secondly Remove observations with missing key variables to
ensure data integrity and avoid analysis bias caused by missing critical information; thirdly to reduce
the interference of extreme values, all continuous variables undergo a Winsorization treatment at the
1% and 99% levels, making the data distribution more reasonable. After excluding ST, *ST, and PT
companies, a final sample of 31,904 unbalanced panel observations is obtained for further analysis.

3.2. Measures

3.2.1. Dependent Variables

This paper uses the Digital Inclusive Finance Index from the Peking University Digital Finance
Research Center to assess the level of digital finance development. The index includes three sub-
indices: the breadth of digital finance coverage, the depth of use, and the degree of digitalization of
inclusive finance. These sub-indices reflect the extent of digital finance's reach across geographical
areas and user groups, the depth of user participation in activities, and the characteristics of financial
services' digital transformation. This paper uses a coupling coordination model to calculate the
coordinated development of digital finance. First, the range of the three sub-indicators is
standardized to eliminate unit differences. Then, the CRITIC weighting method is used to calculate
weights by considering the variability and correlation of the variables. Next, the coupling degree
between variables is computed based on the coupling model, and the weighted sum is used to obtain
the coordination index reflecting the overall digital finance level. Finally, the coupling coordination
degree is obtained by multiplying the coupling degree and coordination index and taking the square
root, providing a comprehensive measure of the coordinated development level of digital finance.

3.2.2. Independent Variables

Referring to the studies of Li Jianjun and Han Xun (2019) and Si Dengkui et al. (2021), this paper
defines the scale of shadow banking as the sum of entrusted loans, entrusted wealth management,
and private lending and takes the natural logarithm of this sum [29,30]. The entrusted loan data is
manually retrieved from announcements of entrusted loans published by A-shares listed companies
in the Shanghai and Shenzhen stock exchanges and organized based on the content of these
announcements. The entrusted wealth management data comes from the China Foreign Investment
sub-database of the CSMAR database. For private lending, the "other receivables" account is used as
a proxy to measure inter-company capital outflows, and this data is sourced from the CSMAR
database's listed company balance sheets.

3.2.3. Moderating Variables
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This paper follows the methods used by Chen et al. (2016) and Chen Shiyi and Chen Dengke
(2018) by using the frequency of "environmental protection” related terms appearing in local
government work reports as a proportion of the total number of words in the report, as a proxy for
environmental regulation [31,32]. This method effectively reflects the strength of the government's
ecological governance efforts. Since local government work reports are typically published early in
the year while economic activities continue throughout the year (Chen Shiyi and Chen Dengke, 2018),
it helps mitigate endogeneity issues.

3.2.4. Control Variables

The control variables involved in this study and their measurement methods are explained as
follows: Firm Age (Age): The difference between the natural year and the year of establishment is
used; Firm Size (Size): The natural logarithm of total assets plus one is used; Leverage Ratio (Lev):
The ratio of total liabilities to total assets is used; Cash-to-Assets Ratio (Cash): The ratio of cash
assets to total assets is used; Return on Assets (Roa): The ratio of net profit to average total assets is
used; Firm Growth (TobinQ): The ratio of stock market value plus total liabilities to total assets is
used; Duality (Dual): When the chairman and CEO are the same person, the value is 1. Otherwise,
it is 0; Board Size (Board): The natural logarithm of the number of board members is used. The
definitions of the main variables are shown in Table 1.

Table 1. Variable Definitions.

Variable Name Symbol Definition
Coordma}te'd Dey clopment of CDDF Defined in the text
Digital Finance
Shadow Banking Activities Shadowbank Defined in the text
Environmental Regulation Er Defined in the text
The difference between the
Firm Age Age natural year and the founding
year
Firm Size Size In(Total Assets + 1)
Leverage Ratio Lev Total Liabilities / Total Assets
Cash-to-Assets Ratio Cash Cash Assets / Total Assets
Return on Assets Roa Net Profit / Average Total Assets

(Market Value of Equity + Total

Firm Growth TobinQ Liabilities) / Total Assets
Takes the value 1 when the
Duality Dual Chairman and CEO are the same
person, otherwise 0
Board Size Board In(Number of Board Members)
4. Results

4.1. Main Effects

Table 2 reports the descriptive statistics of the main variables. It is observed that non-financial
firms are generally involved in shadow banking activities, but the extent of their involvement varies
significantly. It provides a foundation for examining the factors influencing shadow banking
activities in non-financial firms. It is worth noting that shadow banking activities such as entrusted
loans and entrusted wealth management are often off-balance-sheet items, which need to be obtained
through relevant announcements or report footnotes. The data collection process is cumbersome and
may be affected by the extent of information disclosure by firms, leading to potential fluctuations in
the degree of shadow banking activities among different companies due to limitations in data
availability.
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From the perspective of coordinated development of digital finance, the maximum value of the
coupling coordination degree is 1.00, the minimum value is 0.00, and the mean is 0.6703. It indicates
that the development level of digital finance in non-financial firms is uneven, with most firms falling
into a relatively concentrated range near the mean. The overall level of coordination is moderately
high but with relatively low variability.

Table 2. Descriptive Statistics.

Variable Obs Mean Std. Dev. Min Max
Shadowbank 31904 18.9169 2.255 13.13 23.61
CDDF 31904 0.6703 0.216 0.00 1.00
Age 31904 11.0123 7.953 1.00 29.00
Size 31904 22.2159 1.305 19.89 26.30
Lev 31904 0.4107 0.205 0.05 0.90
Cash 31903 0.1679 0.129 0.01 0.63
Roa 31904 0.0376 0.063 -0.26 0.20
TobinQ 31434 2.0324 1.309 0.84 8.63
Dual 31440 0.3044 0.460 0.00 1.00
Board 31867 2.2305 0.174 1.79 2.71

Figure 1 shows the annual changes in the comprehensive index of digital finance and
coordinated development of digital finance from 2012 to 2022. The figure shows that the coordinated
development of digital finance fluctuated and declined between 2012 and 2015 but began to rise
steadily after 2015, reaching a higher level in 2022, indicating that the synergy between related
systems or elements has continuously strengthened. The overall trend of the comprehensive index of
digital finance is relatively more fluctuating, with a slight increase between 2012 and 2013, followed
by a decline from 2013 to 2015, a rise between 2015 and 2018, reaching a peak in 2018, and then a
decline again until 2020, followed by a sharp increase after 2020. Overall, the trends of the
comprehensive index of digital finance and coordinated development of digital finance have been
similar in some years but also exhibit differences, indicating that they are interrelated but influenced
by different factors.

ance(CIDF)
400
8 1

350
6

300
4

2

Composite Index of Digital Fin:

0
Goordinated Development of Digital Finance (CDDF)

&
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year

Figure 1. Annual trends of comprehensive index and coordinated development of digital finance.

Bulleted lists look like this:Table 3 presents the results of the baseline regression model. Model
1 reports the results without including any control variables, considering only the effect of the core
explanatory variable, CDDF, on the shadow banking activities of non-financial firms. The results
indicate that the regression coefficient of coordinated development of digital finance on shadow
banking activities is significantly positive at the 1% level.

Furthermore, Model 2 incorporates firm-level control variables based on results of Model 1. The
findings show that the coefficient of shadow banking activities remains significantly positive at the
1% level. In Model 3, industry fixed effects are additionally controlled for, and the coefficient remains
significantly positive at the 1% level. Model 4 further introduces year-fixed effects based on Model 3,
and the results consistently demonstrate a significantly positive coefficient at the 1% level. Therefore,
the coordinated development of digital finance promotes shadow banking activities of non-financial
firms, supporting Hypothesis 1 of this study.
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Table 3. Regression results of baseline regression model.

Variables Model 1 Model 2 Model 3 Model 4
CDDF 1.2133%** 0.9040*** 0.6670*** 0.4537***

(12.9553) (10.7022) (8.0733) (4.5231)
Age -0.0291*** -0.0283*** -0.0312%**
(-8.6780) (-8.4110) (-9.1597)
Size 1.0573%** 1.1105%** 1.0581%**
(44.8820) (48.7549) (45.4941)
Lev -1.9697*** -2.3437*** -2.1062***
(-13.9250) (-16.3700) (-14.6631)
Cash -0.7752%** -1.5111*** -1.11771%%*
(-4.2287) (-8.4314) (-6.2849)
Roa 0.7889*** 0.9376*** 1.0332%**

(2.6723) (3.2447) (3.5916)

TobinQ 0.0429*** 0.0270* -0.0060
(2.5816) (1.6874) (-0.3546)
Dual 0.1926*** 0.1556*** 0.1298***

(4.5137) (3.7360) (3.1484)

Board -0.6203*** -0.4066*** -0.2349*
(-5.1149) (-3.3756) (-1.9489)
_cons 18.1036*** -2.7103%*** -3.9033%*** -4.1336***
(253.5773) (-5.0124) (-7.4551) (-7.9469)

Year Fixed Effects Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes Yes
N 31904 30973 30973 30973
adj. R2 0.013 0.263 0.297 0.327

Note: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. The values in parentheses are
cluster-robust standard errors. All regressions in this study cluster standard errors at the firm level. It applies to

all subsequent tables.

4.2. Endogeneity Analysis

The baseline regression assessed the impact of the coordinated development of digital finance
on the shadow banking activities of non-financial firms, revealing a significant positive effect.
However, the results may be biased due to potential reverse causality or omitted variable issues. This
study employs the instrumental variable (IV) approach to validate the findings further. Following
Xie Xuanli et al. (2018) methodology, the number of broadband internet users per 100 people is
selected as a proxy variable for the annual internet penetration rate at the prefecture-level city [33].
Specifically, the number of broadband internet users each year is divided by the registered
population to obtain the number of broadband users per 100 people, which is used as the
instrumental variable for the coordinated development of digital finance.

The choice of this instrument is justified as follows: First, broadband internet access is closely
related to the development of digital finance. Higher internet penetration typically facilitates the
promotion and application of digital finance, satisfying the relevance requirement of the instrumental
variable. Second, the broadband internet access and population data used in this study are derived
from official macroeconomic statistics published by government agencies. These statistics are
unrelated to non-financial firms' behaviors and financial data, satisfying the homogeneity
requirement to a certain extent.

Table 4 reports the regression results based on the instrumental variable approach. Model 5
presents the first-stage regression results, showing that the instrumental variable (IV) coefficient is
significantly positive at the 1% level, indicating a strong correlation between the instrumental
variable and the core explanatory variable — coordinated development of digital finance. Model 6
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reports the second-stage regression results, where the coefficient of coordinated development of
digital finance remains significantly positive at the 1% level. Furthermore, the Kleibergen-Paap rk
LM statistic rejects the null hypothesis at the 1% significance level, suggesting that the instrument is
valid and identifiable. The Kleibergen-Paap rk Wald F statistic is 184.263, which exceeds the Stock-
Yogo weak instrument threshold of 16.38 at the 10% level, indicating that weak instrument bias is not
a concern. Therefore, the conclusions of this study are robust and reliable.

Table 4. Endogeneity Analysis.

Variable Model 5 Model 6
v 0.0006***
(19.2793)
CDDF 7.3355***
(7.8590)
Age -0.0017*** -0.0158***
(-9.8292) (-5.8512)
Size 0.0096*** 0.9631***
(8.3499) (54.5697)
Lev -0.0168** -1.8019***
(-2.3312) (-17.5777)
Cash 0.0837*** -1.4910%**
(9.0244) (-10.8549)
Roa -0.0914*** 1.8150%**
(-4.8404) (7.0045)
TobinQ 0.0014 -0.0253**
(1.4739) (-1.9624)
Dual 0.0108*** 0.0317
(4.5457) (0.9640)
Board -0.0288*** -0.1178
(-4.5790) (-1.4190)
_cons 0.3624***
(13.7685)
Kleibergen-Paap rk LM statistic 192.978***
Kleibergen-Paap rk Wald F statistic 184.263
Year Fixed Effects Yes Yes
Industry Fixed Effects Yes Yes
N 27684 27684
adj. R2 0.309 0.003

4.3. Robustness Tests
4.3.1. Alternative Measurement of Shadow Banking

To ensure the robustness of the study's findings, this study follows the method of Li Jianjun and
Han Xun (2019) [29]. It redefines shadow banking activities as the proportion of entrusted loans,
entrusted wealth management products, private lending, purchases of bank wealth management
products, trust products, structured deposits, and asset management plans to total assets. The results
are presented in Table 5. After replacing the core explanatory variable, the coefficient of coordinated
development of digital finance remains significantly positive at the 1% level despite a slight decrease
in magnitude, which supports the robustness of the baseline regression results.

4.3.2. Lagged Dependent Variable

Considering that the impact of the coordinated development of digital finance on shadow
banking activities may exhibit a lagged effect, this study conducts a robustness test using the
dependent variable's lagged value. Column (2) of Table 5 shows the results using a one-period lag of
shadow banking as the dependent variable. The results suggest that the coordinated development of

d0i:10.20944/preprints202504.1048.v1
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digital finance continues to promote shadow banking activities significantly, consistent with the
findings of the baseline regression.

Table 5. Robustness Tests.

Variable Shadowbank L.Shadowbank
CDDF 0.0417*** 0.3086***
(3.2710) (3.0398)
Age -0.0040*** -0.0337***
(-9.9658) (-9.1100)
Size -0.0071*** 1.0349***
(-2.7888) (41.2947)
Lev -0.3868*** -1.9110%**
(-20.5168) (-12.2738)
Cash -0.1533*** 0.2591
(-6.1246) (1.3417)
Roa 0.2522%** 2.0045***
(5.9835) (6.2818)
TobinQ 0.0018 -0.0199
(0.7311) (-1.1145)
Dual 0.0243*** 0.1252%**
(3.9489) (2.8271)
Board -0.0316* -0.2645**
(-1.8600) (-2.0461)
_cons 0.4629*** -3.2152%**
(7.4970) (-5.7929)
Year Fixed Effects Yes Yes
Industry Fixed Effects Yes Yes
N 30973 26304
adj. R2 0.164 0.299

4.3.3. Further Test Based on a Quasi-Natural Experiment

To further examine the robustness of the impact of the coordinated development of digital
finance on shadow banking activities of non-financial firms, this study employs a quasi-natural
experiment using a policy shock. During the development of the digital finance industry, the
government has introduced and implemented a series of policies that significantly influenced the
industry landscape. Among them, the Guiding Opinions on Promoting the Healthy Development of
Internet Finance, issued on July 18, 2015, represents a key policy. This guideline established the
fundamental regulations and outlined the development direction of the digital finance industry.
Given the immature regulatory framework during the early development of the digital finance
market, implementing this policy facilitated the industry's orderly growth, enhanced market
transparency, and reduced systemic risks. Its impact extended beyond the digital finance sector,
potentially influencing the financial environment and financing choices of non-financial firms, thus
affecting their shadow banking activities.

Based on this policy context, this study treats the policy issuance as an exogenous shock and
constructs a quasi-natural experiment. Since the policy implementation is a macro-level external
shock unrelated to individual firm characteristics, the quasi-natural experiment satisfies the
exogeneity condition. Additionally, given that state-owned firms (SOEs) generally have stronger
government support and more stable financing channels. In contrast, private firms face tighter
financing constraints and rely more on external financial markets. This study hypothesizes that the
sensitivity to digital finance development varies significantly between SOEs and private firms.
Accordingly, the study classifies private firms as the treatment group and SOEs as the control group,
applying a Difference-in-Differences (DID) model, as specified in Equation (2). To ensure the parallel
trends assumption is satisfied — confirming no significant differences between the treatment and

d0i:10.20944/preprints202504.1048.v1
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control groups before the policy implementation — a dynamic DID model is constructed, as
presented in Equation (3).

Recognizing that SOEs and private firms differ significantly in profitability goals and
governance structures, leading to potential sample selection bias, this study employs the Propensity
Score Matching (PSM) method for further verification. The detailed steps are as follows: First, this
study conducts a Logit regression based on firm ownership, using variables such as firm age (Age),
size (Size), leverage ratio (Lev), cash ratio (Cash), and return on assets (Roa) to estimate the
propensity scores. Then, a "one-to-one matching" method is applied to determine the weights, with
a "common support” condition imposed. Finally, the original treatment and control groups in the
DID regression are replaced with the matched treatment and control groups, and the same analysis
process is repeated, resulting in a PSM-DID regression.

The results in Table 6 indicate that the coefficients of PostxTreat remain significantly positive
across all specifications, demonstrating that the coordinated development of digital finance
significantly enhances shadow banking activities among non-financial firms. Furthermore, the results
of the parallel trends test show that the coefficient of Before x Treat is not significant, while After x
Treat is significantly positive. It supports the validity of the assumption of parallel trends, further
affirming the robustness of the conclusion.

This study conducts a placebo test to ensure that unobservable factors do not drive the findings.
Specifically, private firms are randomly assigned as the placebo treatment group, while SOEs serve
as the placebo control group. A DID regression is then performed, extracting the coefficient and
standard error of the core explanatory variable to calculate the t-statistic. This simulation is repeated
1,000 times. The results show that the estimated coefficients and t-values are distributed around zero,
with the average values differing significantly from the true values, and most of the coefficients are
not significant. These results confirm that the observed effect of digital finance on shadow banking is
not driven by unobserved factors, supporting the robustness of the empirical conclusions.

Table 6. Quasi-Natural Experiment.

Variable DID DID Parallel Trend PSM-DID PSM-DID Parallel Trend
PostxTreat  0.7074*** 0.5850***
(0.0655) (0.2037)
Age -0.0254*** -0.0188***
(0.0035) (0.0033)
Size 1.0666*** 1.1116***
(0.0231) (0.0227)
Lev -2.1429%** -2.2142%**
(0.1448) (0.1446)
Cash -1.1641%** -1.1932%**
(0.1776) (0.1799)
Roa 1.1885*** 0.9558***
(0.2871) (0.2866)
TobinQ -0.0127 0.0222
(0.0157) (0.0157)
Dual 0.0983** 0.0748*
(0.0412) (0.0413)
Board -0.1635 -0.1631
(0.1215) (0.1214)
BeforexTreat 0.0835 0.2488
(0.0553) (0.1825)
AfterxTreat 0.6943%*** 1.2258***
(0.0405) (0.1366)
_cons -3.5965*** -4.5546%** 17.8619%** 18.3416%**

(0.5334) (0.5208) (0.1383) (0.1028)
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N 30973 30973 9590 9590
adj. R2 0.3208 0.3134 0.1692 0.1619

4.4. Heterogeneity Analysis
4.4.1. Heterogeneity of Financing Constraints

Financing constraints influence firms' financing behaviors, especially in imperfect financial
markets. Firms with different levels of financing constraints exhibit significant differences in their
reliance on external financing channels. Firms with high financing constraints often struggle to obtain
sufficient funding from traditional banking systems due to lower credit ratings, insufficient collateral,
or lack of financial transparency. In contrast, firms with low financing constraints can easily access
bank credit or capital market financing. In the context of the rapid development of digital finance,
firms with different levels of financing constraints may exhibit varying degrees of shadow banking
activity.

Based on firms' financing constraint levels, this study defines firms with an absolute SA index
greater than the industry median as highly constrained, while those below the median are considered
firms with low financing constraints. Table 7 presents the heterogeneity analysis results of the effect
of the CDDF on non-financial firms' shadow banking activities. The results show that firms with
higher financing constraints experience a more pronounced increase in shadow banking activities as
digital finance coordination improves. It suggests that highly constrained firms are more likely to
rely on shadow banking financing when traditional credit channels are restricted. The development
of digital finance fails to fully address their financing needs, leading to increased shadow banking
activities. In contrast, firms with lower financing constraints, with smoother access to traditional
credit, rely less on shadow banking.

4.4.2. Heterogeneity of Ownership Structure

Ownership structure significantly affects firms' governance, operational objectives, and risk
preferences, influencing their behavior in different economic environments. State-owned firms
(SOEs) and non-state-owned firms (non-SOEs) differ considerably in resource allocation, policy
implementation, and market adaptability. SOEs often shoulder greater social responsibilities beyond
profitability, including maintaining employment and executing national strategies. Non-SOEs,
however, are more market-oriented and flexible in decision-making.

This study divides the sample into SOEs and non-SOEs to examine the heterogeneous effects of
CDDF on shadow banking activities. As shown in Table 7, Column (3) represents SOEs, while
Column (4) represents non-SOEs. The results indicate that as digital finance coordination improves,
the increase in shadow banking activities is more pronounced for SOEs than non-SOEs. This
phenomenon may be attributed to SOEs' operational goals and risk management models. SOEs often
possess stronger resource integration capabilities and policy advantages, gaining preferential access
to traditional credit and government support funds. However, as digital finance advances, SOEs may
increasingly use shadow banking for off-balance-sheet financing to optimize capital management,
increase leverage, and support industrial chain integration and expansion. Additionally, SOEs tend
to have a higher risk tolerance, making them more likely to use shadow banking channels, such as
trust asset management plans, or even engage in asset securitization or arbitrage activities.

In contrast, non-SOEs rely more on market competition and adopt market-oriented and prudent
financing approaches. During the development of digital finance, non-SOEs tend to choose more
transparent and strictly regulated financing methods, such as supply chain finance, rather than
engaging in shadow banking activities.

4.4.3. Heterogeneity of Marketization Level

In China, due to varying geographical conditions and resource endowments, provincial capital
and non-capital cities exhibit significant differences in development. Provincial capitals generally
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have more abundant resources, advanced transportation and information technology, and well-
established policy frameworks, leading to higher marketization. In contrast, non-capital cities,
constrained by geographical and resource limitations, often faceless developed information
technology and regulatory systems, resulting in lower levels of marketization. The degree of
marketization determines the extent to which the market plays a fundamental role in resource
allocation. Higher marketization reduces financial resource misallocation, while lower marketization,
characterized by administrative intervention, may increase financial resource misallocation, further
promoting shadow banking activities (Han & Li, 2020) [11].

Based on geographic location, this study classifies firms in provincial capitals as belonging to
the high marketization group, while those in non-capital cities are in the low marketization group.
Table 7 presents the results, which indicate that as CDDF improves, firms in highly marketized
regions experience a more pronounced increase in shadow banking activities. It may be because firms
in highly marketized regions are more likely to receive attention and services from financial
institutions and have greater access to financial innovation tools. These firms may use shadow
banking channels for capital operations, asset management, and off-balance-sheet business
expansion. The development of digital finance provides firms in these regions with more financial
instruments and trading platforms, further facilitating their involvement in shadow banking
activities.

In contrast, firms in low marketization regions often face limited financial services and fewer
information channels, resulting in lower reliance on shadow banking. Additionally, these regions
may have stricter local regulatory environments and limited risk control capabilities, further
constraining firms' engagement in shadow banking. Firms in these regions are more likely to adopt
traditional and transparent financial methods.

Table 7. Heterogeneity Analysis.

Low High High Low
Variable financing financing SOEs Non-SOEs D . ..
. . marketization marketization
constraints  constraints
CDDF 0.3930*** 0.4854*** 0.4606** 0.2425** 0.6847*** 0.4152%**
(3.0190) (3.4481) (2.4680) (2.0809) (4.2514) (3.1418)
Age -0.0310*** -0.0350*** -0.0115** -0.0347%** -0.0229*** -0.0347***
(-5.4172) (-8.1504) (-1.9934) (-7.6904) (-3.9878) (-8.3174)
Size 1.0901*** 1.0317#** 1.0380%** 1.0937*** 1.0297*** 1.0725%***
(37.7011) (28.7430) (28.2434) (35.5021) (24.2526) (38.3314)
Lev -2.3787*** -1.9576*** -1.3715%%  -2.6031*** -2.0087*** -2.1731%**
(-12.8216) (-10.3561) (-5.0691) (-15.6759) (-8.0858) (-12.4357)
Cash -1.5431%** -0.5528** -0.2950 -1.3386*** -0.8036*** -1.3157%**
(-7.2892) (-2.0495) (-0.7800) (-6.7541) (-2.5867) (-6.2246)
Roa 1.0629*** 0.8846** -1.2605** 1.4855*** 1.2357** 0.9906***
(2.5945) (2.4038) (-2.0748) (4.5337) (2.4516) (2.8615)
TobinQ -0.0124 -0.0019 -0.0624 0.0147 -0.0312 0.0026
(-0.5667) (-0.0822) (-1.6382) (0.7970) (-1.0143) (0.1308)
Dual 0.2072*** 0.0566 0.0064 0.1071** 0.1747** 0.1196**
(3.8707) (1.0073) (0.0756) (2.3301) (2.2502) (2.4603)
Board -0.2673* -0.2145 -0.1044 -0.1174 -0.0644 -0.2981**
(-1.7348) (-1.3245) (-0.4815) (-0.8214) (-0.2849) (-2.0894)
_cons -4.7205*** -3.1608*** -4.2241%%  -5.1540*** -3.7818*** -4.3474**
(-7.4035) (-3.9372) (-4.7937) (-7.7761) (-3.9598) (-6.9878)
Year
Fixed yes yes yes yes yes yes

Effect
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Industry
Fixed yes yes yes yes yes yes
Effect
N 15500 15473 10528 20445 8748 22225
adj. R2 0.401 0.241 0.410 0.308 0.320 0.339

5. Additional Analysis
5.1. The "U-shaped” Effect

The coordinated development of digital finance may have two different effects on non-financial
firms' shadow banking activities. On the one hand, digital finance coordination improves financing
accessibility for firms, especially for small and medium-sized firms (SMEs), which can obtain more
convenient and efficient funding through digital financial platforms, thereby reducing their reliance
on shadow banking. On the other hand, digital finance coordination also provides more room for
innovation within the shadow banking system, enhancing firms' ability to conduct capital operations
and leverage expansions through shadow banking activities. Therefore, the relationship between
digital finance coordination and shadow banking activities may exhibit nonlinear characteristics. To
further explore the nonlinear impact of digital finance coordination on non-financial firms' shadow
banking activities, this paper constructs equation (4).

The results, as shown in Table 8, indicate that the regression coefficient of CDDF is significantly
negative. In contrast, the regression coefficient of CDDF?2 is significantly positive, suggesting a "U-
shaped" nonlinear relationship between the coordinated development of digital finance and non-
financial firms' shadow banking activities. At the same time, this paper conducts a U-test for the "U-
shaped" relationship between the two, with the turning point of the curve at 0.6197, which lies within
the range of the independent variable [0.000, 1.000], and the t-value equals 15.15 with a p-value less
than 0.001, indicating an effective turning point within the existing range. Analyzing the sample
range shows that the current level of digital finance development among firms in China is partially
in the descending stage of the U-shaped curve and partially in the ascending stage, which aligns with
the actual situation. It suggests that the degree of shadow banking activities decreases in the early
stages of digital finance coordination. However, when digital finance coordination reaches a certain
level, shadow banking activities increase, confirming Hypothesis 2 of this study.

5.2. The Moderating Effect of Environmental Regulation on the "U-shaped” Effect

With the intensification of global environmental issues, environmental regulation has become
an important policy tool for governments to intervene in firms' business activities, aiming to promote
green transformation and sustainable development. Environmental regulation affects firms'
production models and has a profound impact on their financing decisions, capital operations, and
risk management. Environmental regulation may play a key moderating role in the relationship
between digital finance coordination and shadow banking activities.

To analyze the impact of environmental regulation further, this paper adds an environmental
regulation term, interaction terms between environmental regulation and shadow banking activities,
and the interaction term of the square of environmental regulation and shadow banking activities to
equation (4). Grouped regression is performed based on the intensity of environmental regulation,
defining those above the median of environmental regulation as high environmental regulation and
those below as low environmental regulation, respectively examining the impact of digital finance
coordination on shadow banking activities under high and low environmental regulation conditions.
The model constructed is equation (5).

The regression results are shown in Table 8. In the case of low environmental regulation
intensity, the regression coefficient of CDDF is significantly negative, the regression coefficient of
CDDE2 is significantly positive, CDDF x Er is significantly positive, and the interaction term CDDF2
x Er is significantly negative. These results suggest that under low environmental regulation, the
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enhancement of environmental regulation strengthens the role of digital finance coordination in
promoting non-financial firms' shadow banking activities while suppressing the nonlinear effect on
shadow banking activities. In other words, to some extent, environmental regulation weakens the "U-
shaped" effect of digital finance coordination, making its effect on shadow banking activities more
direct, confirming Hypothesis 3a. In the case of high environmental regulation intensity, the
regression coefficient of CDDF is negative but not significant, and the regression coefficient of CDDF2
is also not significant, indicating that under high environmental regulation conditions, the "U-
shaped" effect of digital finance on shadow banking activities is more ambiguous. Moreover, the
interaction terms CDDF x Er and CDDEF2 x Er are both insignificant, indicating that the enhancement
of environmental regulation has not significantly affected the path of digital finance's effect on
shadow banking activities, confirming Hypothesis 3b.

Table 8. The "U-shaped"” effect and the moderating effect of environmental regulation.

. "U-shaped" Low environmental High environmental
Variable . .
effect regulation regulation
CDDF -0.5039*** -11.9481*** -3.1008
(-2.7722) (-3.7741) (-1.3779)
CDDE2 1.23977%%* 8.2748*** 1.1227
(8.0822) (3.6219) (0.4983)
Er -1337.446*** -92.3990
(-3.6093) (-0.7155)
CDDFxEr 4862.895*** 358.1033
(4.4434) (0.6542)
CDDEF2xEr -3120.44*** 300.1737
(-3.8841) (0.5231)
Age -0.0288*** -0.0256*** -0.0311***
(-17.4927) (-6.2074) (-7.2449)
Size 1.0525%** 1.0741*** 1.1313***
(90.5963) (40.9394) (36.8288)
Lev -1.9450%** -2.0511%** -2.5215%**
(-26.8160) (-11.8471) (-13.5400)
Cash -0.8003*** -1.2483*** -1.5810***
(-8.4577) (-6.0545) (-6.3718)
Roa 0.8384*** 0.9509*** 0.7640%
(4.2209) (2.6329) (1.8857)
TobinQ 0.0420*** 0.0316 0.0078
(4.5623) (1.5929) (0.3595)
Dual 0.1835*** 0.1873*** 0.0999*
(7.3090) (3.7568) (1.7951)
Board -0.5995*** -0.5904*** -0.1666
(-8.9758) (-4.1569) (-1.0457)
_cons -2.3281*** 0.4612 -3.7825%**
(-8.5271) (0.3631) (-4.2808)
N 30973 15662 15311
adj. R2 0.264 0.315 0.300

6. Discussion
6.1. Discussion of results

This study investigates the impact mechanism of the coordinated development of digital finance
on non-financial firms' shadow banking activities under environmental regulation. Based on data
from listed firms on the Shanghai and Shenzhen stock exchanges from 2012 to 2022, our findings offer
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several important insights into how digital finance interacts with firm behavior in the context of
institutional and market heterogeneity.

First, the results show that the coordinated development of digital finance significantly
promotes shadow banking activities among non-financial firms. This finding echoes existing
literature which suggests that digital finance reduces information asymmetry, expands access to
financial services, and lowers the threshold for financial participation, thereby encouraging off-
balance-sheet activities that characterize shadow banking. While these developments improve
financing efficiency and inclusiveness, they may also blur regulatory boundaries, posing challenges
to traditional financial supervision.

Second, the heterogeneity analysis reveals that the influence of digital finance coordination is
more pronounced in firms with high financing constraints, state-owned enterprises (SOEs), and firms
operating in regions with a higher degree of marketization. These results suggest that firms with
limited access to formal financing channels or those with institutional advantages are more inclined
to leverage digital finance to engage in shadow banking. In particular, SOEs may exploit their
preferential access to financial resources and regulatory leniency to expand financial operations
beyond their core businesses. Similarly, in more market-oriented regions, the advanced digital
infrastructure and financial openness may provide favorable conditions for shadow banking to
flourish under digital finance.

Third, a U-shaped nonlinear relationship is found between digital finance coordination and
firms' shadow banking activities. This implies that at the early stages, digital finance development
plays a positive role in promoting financial inclusion and innovation. However, beyond a certain
threshold, its marginal effect turns negative, potentially due to over-financialization, excessive risk-
taking, or speculative behaviors. This result supports theories emphasizing the dual effects of
financial development—where excessive financialization may harm real economic performance .

Fourth, environmental regulation serves as an important moderating factor. In regions with low
environmental regulatory pressure, the enhancement of environmental regulation amplifies the
positive relationship between digital finance and shadow banking, while mitigating the nonlinear U-
shaped effect. This may be because stricter regulation increases firms’ demand for flexible financing
to cover compliance costs, thereby boosting shadow banking activities. Conversely, in regions with
strong environmental regulation, the moderating effect becomes less significant, potentially due to
mature institutional frameworks or the availability of formal green financing options.

6.2. Policy Proposal

Based on the above findings, several practical policy implications emerge. First, the coordinated
development of digital finance is crucial for adapting to the ongoing digital transformation of the
financial sector. Policymakers should strengthen macro-level oversight, refine regulatory
frameworks for digital financial services, and clearly delineate the boundaries and legal
responsibilities associated with shadow banking activities. Efforts should also be made to channel
digital finance toward supporting the real economy, especially through developing financial
products that align with firms” operational needs and curbing its misuse for speculative or informal
financial activities.

Second, differentiated policy strategies are needed to address firm-level heterogeneity. For firms
facing high financing constraints, policy instruments such as subsidized credit or expanded formal
financing channels could reduce their dependence on shadow banking. For state-owned enterprises,
enhanced supervision of internal financial operations is essential to limit excessive financialization.
Additionally, improving financial infrastructure and service accessibility in less marketized regions
can help reduce the regional disparities in shadow banking activity.

Third, regulatory responses should be dynamic across different stages of digital finance
development. In the early phase, policy support should prioritize technological innovation and
financial infrastructure construction. As digital finance matures and potentially fuels shadow
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banking, regulations should shift toward strengthening oversight, standardizing business practices,
and promoting inclusive, formal financing alternatives.

Finally, environmental regulation should be harmonized with financial policy. In regions with
lax environmental enforcement, gradually increasing regulatory intensity can deter firms from
resorting to shadow banking to bypass compliance. In contrast, in areas with strong environmental
regulation, promoting green finance initiatives and expanding access to environmentally oriented
financial products can reduce firms’ incentives to seek informal financing, thereby mitigating the
non-linear effects observed in this study.

7. Conclusions

Although the rapid development of digital finance has attracted widespread attention, its impact
on corporate financial behavior—particularly shadow banking activities—remains underexplored.
This study investigates how the coordinated development of digital finance influences shadow
banking activities among non-financial firms, while also examining the moderating role of
environmental regulation. Using panel data from non-financial firms listed on the Shanghai and
Shenzhen stock exchanges from 2012 to 2022, several key findings emerge. First, digital finance
coordination significantly promotes shadow banking activities. Second, there exists a U-shaped
nonlinear relationship between digital finance development and shadow banking, suggesting dual
effects—initially beneficial but potentially risky beyond a certain point. Third, the effect is more
pronounced in firms facing higher financing constraints, state-owned enterprises (SOEs), and those
located in regions with a higher degree of marketization. Fourth, environmental regulation serves as
a critical moderating factor: in regions with low regulatory pressure, its enhancement strengthens the
positive impact of digital finance while attenuating the U-shaped effect; whereas in regions with
stricter regulation, the moderating role becomes less significant.

Nonetheless, there are limitations to this research.First, shadow banking activities are inherently
opaque, and although we adopt a relatively robust proxy, measurement bias may still exist. Second,
our sample is limited to listed firms in China, excluding small and medium-sized enterprises (SMEs)
and unlisted firms, which may exhibit different financial behaviors. Third, the analysis primarily
focuses on macro-level and institutional variables, leaving firm-level behavioral mechanisms
underexplored.

Future research can build on this study in several directions. First, incorporating internal factors
such as managerial incentives and risk preferences may help uncover the micro-level pathways
through which digital finance influences shadow banking. Second, with the rise of green and
sustainable finance, it is worthwhile to examine how environmental, social, and governance (ESG)
considerations affect firms’ choices between formal and informal financing under digital finance.
Third, expanding the empirical scope to include cross-country or cross-industry comparisons would
enhance the external validity and generalizability of the findings.
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