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Introduction: In the new pattern of digital economy, digital finance, as an
innovative financial model, is reshaping the development path of cities, yet its
impact on resourcebased cities remains largely unexplored.

Methods: Based on the panel data of resourcebased cities in China from 2014 to
2023, this paper uses the mediation effect model to investigate the mechanism
by which digital finance affects urban economic development through regional
innovation and industrial structure. By constructing the urban heterogeneity
grouped regression model, this paper analyzes the differentiated impact of
digital finance on resource-based cities at different development stages (mature,
regenerative, growing and declining). Meanwhile, through the interaction effect
analysis, this paper explores the synergistic effect between digital finance and
regional entrepreneurship.

Result: We find that (1) Digital finance affects urban economic development
through the positive mediating effect of regional innovation and the negative
mediating effect of industrial structure, showing significant dual characteristics;
(2) Further heterogeneity analysis shows that the impact of digital finance on
cities at different stages of development is significantly different: it has the
most significant promoting effect on mature and regenerating cities, followed
by growing cities, while the effect on declining cities is relatively weak; (3) At
the same time, the study identifies the “critical point effect” of digital financial
development, which provides a theoretical basis for formulating differentiated
urban development strategies.

Discussion: This study systematically reveals the transmission mechanism
of digital finance on the economic development of resource-based cities,
and provides theoretical basis and practical enlightenment for formulating
differentiated digital inclusive financial policies and promoting the high-quality
transformation of resource-based cities.
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1 Introduction

As a special type of city established based on the development of
natural resources, the resource-based city has an important strategic
position in the national economic development. However, these
cities are generally faced with development difficulties such as single
industrial structure, insufficient innovation capacity and serious
environmental pollution [1]. Especially in declining resource cities,
the pressure of economic transformation is more prominent, and
the traditional financial system is difficult to meet the financing
needs of its transformation and development [2]. As a product
of scientific and technological innovation and financial deepening,
digital finance is reshaping the traditional financial servicemodel. Its
characteristics of low cost, high efficiency andwide coverage provide
new opportunities for the economic transformation of resource-
based cities [3]. Digital finance can effectively reduce information
asymmetry, improve the availability of financial services, provide
more convenient financing channels for the development of small
and medium-sized enterprises, and help the optimization and
upgrading of industrial structure [42].

Research on the impact of digital finance on China’s
environmental governance, urban economic development, and
other aspects has been very rich at the enterprise level, urban level,
and provincial level. Different from using resource-based cities as
sub-samples for heterogeneity testing, this paper takes resource-
based cities as the main research subject rather than a supplement
to heterogeneity analysis, and constructs a theoretical framework
for the impact of digital finance on the economic development
of resource-based cities. However, the specific mechanism of how
digital finance affects the economic transformation of resource-
based cities through industrial upgrading and regional innovation
is still unclear. In particular, under the perspective of integrating
institutional economics and innovation diffusion theory, key issues
such as whether and how digital finance can solve the resource
curse, its mechanism of action in different types of resource-based
cities, and the moderating role of policy environment still need
to be further explored. In view of these research gaps, this paper
constructs a special analysis framework, designs a more accurate
identification strategy, and adopts multiple method combination
for empirical test, which provides new theoretical perspective
and empirical evidence for understanding the transformation of
resource-based economy driven by digital finance.

To address these questions, this paper investigates the impact
of digital finance on the economic development of resource-
based cities in China, using panel data from 116 cities between
2014 and 2023. A two-way fixed effects model is employed
to control for time and individual fixed effects, and potential
endogeneity issues are addressed through instrumental variable
approaches and quasi-natural experiments. In addition, the role and
mechanism of industrial structure upgrading, regional innovation
and entrepreneurship in the relationship between digital finance
and economic development is also discussed. The possible marginal
contribution of this paper lies in: (1) It provides new insights into the
relationship between digital finance and the economic development
of resource-based cities, and fills an important gap in the literature.
Unlike previous studies that have focused on macro-level impacts,
this study specifically examines how digital finance influences
the economic development of resource-dependent areas. (2) A

comprehensive analytical framework is established to systematically
examine three key channels: industrial structure upgrading, regional
innovation and entrepreneurial activities, and deeply explains how
digital finance can help break the “resource curse.” (3) The empirical
strategy of combining two-way fixed effect model with instrumental
variablemethod and quasi-natural experiment is adopted to provide
empirical evidence on the heterogeneous impact of digital finance
on different types of resource-based cities, and contributes to the
theoretical understanding and practical application of regional
economic development policies. These contributions not only
advance academic research on digital finance and regional economic
development, but also provide valuable references for policymakers
committed to promoting sustainable development in resource-
dependent regions.

2 Literature review

2.1 Literature review of resource-based
cities

Resource-based city is the type of city with natural resources
mining and processing as the leading industry. The proportion
of mining industry and raw material industry exceeds 40%, and
resource reserves and development activities have an important
impact on urban economic and social development [4]. According
to the stage of resource development and the level of economic
development, resource-based cities can be divided into four types:
growing, mature, declining and regenerative. Growing cities are rich
in resources and great development potential. Mature cities have
a large scale, but face the challenge of single industrial structure.
Declining cities encounter resource exhaustion and weak economic
growth. Regenerative cities have begun to foster emerging industries
and gradually get rid of resource dependence [5]. Empirical studies
show that China’s resource-based cities generally have problems
such as the low quality of economic growth, unbalanced industrial
structure, and serious environmental pollution, which is highly
consistent with the phenomenon described by the “resource curse”
theory [6]. International experience research shows that the key
to the sustainable development of resource-based cities lies in
accelerating the adjustment of industrial structure, strengthening
the drive of scientific and technological innovation, improving the
environmental governance mechanism, and building a diversified
economic development model [4]. These theoretical research and
practical experience provide important enlightenment for exploring
the transformation and development path of China’s resource-
based cities.

2.2 Literature review of digital finance

Digital finance is a new financial service model generated by
the development of Internet, big data and artificial intelligence and
other technologies. Its connotation has gradually expanded from the
initial electronic payment to diversified financial services such as
online credit and online financial management [7]. Digital finance
has significant advantages of universality, convenience and low cost.
It can break through the geographical limitations of traditional
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FIGURE 1
The mechanism of digital finance affects economic development.

FIGURE 2
Type distribution of resource-based cities.

financialservices,providepersonalizedservicesfor longtailcustomers,
and rely on big data risk control to effectively reduce information
asymmetry; it can also significantly reduce transaction costs through
the Internet platform [8]. From the perspective of development
status, new financial forms represented by mobile payment, online
lending and digital currency are constantly emerging [9]. China’s
development in the field of digital inclusive finance is particularly
significant, which effectively improves the availability of financial
services in rural areas and low-income people [10]. Empirical
studies show that digital finance promotes economic development
through various mechanisms. For example, it has improved the
financing constraints of small and micro businesses by improving the
accessibility of financial services [11]. By reducing transaction costs
and information asymmetry, the financial asset allocation efficiency
improves the household consumption level and its efficiency [42]. At
the same time, the application of digital technology has promoted
the business innovation of traditional financial institutions and
injected new impetus into economic growth [12]. However, the
development of digital finance also brings new problems, such as data
security, financial risks and regulatory challenges, which require an
adaptive regulatory framework.

2.3 Research review of digital finance’s
influence on resource-based cities

As a new financial service model, digital finance has exerted
a significant impact on the economic transformation and
development of resource-based cities. In terms of industrial
structure optimization, digital finance has promoted the
development of non-resource-based industries, especially the
service industry, by reducing financing costs and providing inclusive
financial services, and effectively alleviated the dilemma of “single
industry” in resource-based cities [13]. The popularization of
digital payment and Internet credit has significantly increased
the proportion of the tertiary industry in resource-based cities
and accelerated the process of advanced industrial structure
[43]. In terms of innovation-driven development, digital finance
provides more flexible financing channels for technology-oriented
enterprises and effectively alleviates the financing constraints of
innovation subjects [14]. The development of digital financial
platforms is significantly and positively correlated with the number
of patent applications and the intensity of R&D investment in
resource-based cities, indicating that digital finance is conducive
to promoting the agglomeration of innovation elements and the
transformation of scientific and technological achievements [15].
In terms of improving financial efficiency, the application of digital
technology has significantly reduced the degree of information
asymmetry and improved the efficiency of credit resource allocation
[8]. The development of digital finance has reduced the non-
performing loan ratio of banks, improved the efficiency of financial
resource allocation, and provided strong support for economic
transformation [16].

2.4 Research gaps and contributions

Previous studies have provided useful insights into the link
between digital finance and economic growth, but there are still
the following gaps: Firstly, most studies focus on the overall impact

Frontiers in Physics 03 frontiersin.org

https://doi.org/10.3389/fphy.2025.1606093
https://www.frontiersin.org/journals/physics
https://www.frontiersin.org


Qi and Wang 10.3389/fphy.2025.1606093

TABLE 1 Description of variables.

Variable Name Symbol Definition

Dependent variable Economic development level of resource-based cities ln_EDit Natural logarithm of GDP per capita in resource-based
cities

Core independent variable Digital finance ln_DFIit Natural logarithm of the digital financial inclusion
index in resource-based cities

Independent variable dimension

Breadth of coverage breadth The reach of digital financial services, which reflecting
the popularity of financial inclusion

Depth of usage depth The degree and diversity of users’ dependence on digital
financial functions, which reflect the activity and value

of the service

Digitization level dig The degree of technical penetration in the whole process
of financial services, which reflect efficiency and

innovation

Control variable

Human capital investment HC The proportion of the number of students in ordinary
institutions of higher learning in the total population

Physical capital investment PC The proportion of total fixed asset investment in GDP

Government support GS The proportion of fiscal expenditure in GDP

International direct investment FDI The proportion of the total investment of
foreign-invested enterprises in GDP

Urbanization level URB Urban population accounts for the total population

Mediator variable
Industrial structure IS The share of tertiary industry in GDP

Regional innovation RI R&D input intensity

Moderator variable Regional entrepreneurship RE The share of the number of self-employed and private
firms in total employment

of digital finance on the macro economy, while few studies focus
on how digital finance affects the economic growth of resource-
dependent cities. Secondly, most of the research mainly focuses
on the overall level of digital finance, and the exploration of the
specific dimensions of digital finance (such as coverage breadth,
depth of use, digital level, etc.) is limited. Thirdly, the extent to
which digital finance affects different types of resource-based cities
(such as growing, mature, regenerative, and declining cities) is not
well understood. This paper aims to fill these gaps. It examines
the impact of digital finance on the economic development of
resource-based cities in China, and focuses on the role of industrial
structure upgrading, regional innovation and entrepreneurship. By
comparing the impact of digital finance in different resource-based
cities, it provides a more comprehensive understanding of how
digital finance promotes the sustainable economic development.

3 Theoretical analysis and research
hypotheses

Based on the dual perspective of institutional economics and
innovation diffusion theory, this paper constructs a theoretical
framework for digital finance to influence the economic development

of resource-based cities [17]. At the institutional level, digital finance
reconstructs the allocation rules of financial resources by reducing
information asymmetry [18] and institutional transaction costs [19]:
On the one hand, digital technology reduces the cost of information
search and contract performance; on the other hand, inclusive
financial instruments (such as mobile payment and P2P lending)
improve the efficiency of capital allocation by reducing intermediate
links [11]. In terms of innovation diffusion, digital finance, as a
technology carrier [44], drives regional economic transformation
through two types of paths: First, the technology spillover effect,
that is, digital financial infrastructure (such as blockchain, big data
risk control) reduces the cost of innovation trial and error; Second,
the market network effect, which accelerates the agglomeration
of innovation factors (technology and talent) to resource-based
cities [20]. Finally, the synergistic effect of system optimization and
innovation diffusion, through the transmission path of industrial
structure upgrading and entrepreneurial ecology activation, realizes
the transition of economic development from resource dependence to
innovation-driven (see Figure 1 for the specific mechanism).

As an innovative financial service model, digital finance has
significantly improved the availability of financial services and
reduced transaction costs [21]. Its development has effectively
alleviated the problem of credit constraints, improved the level
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TABLE 2 Descriptive statistics.

Symbol Observation sample Mean Standard deviation Minimum value Maximum value

ln_ED 1,160 10.73 0.525 9.084 12.46

ln_DFI 1,160 5.309 0.281 4.475 5.795

ln_breadth 1,160 5.263 0.324 4.190 5.873

ln_depth 1,160 5.242 0.307 4.254 5.748

ln_dig 1,160 5.520 0.221 4.560 6.082

GS 1,160 0.230 0.107 0.0439 0.741

URB 1,160 0.455 0.140 0.185 0.969

FDI 1,160 0.0455 0.0565 0 0.412

HC 1,160 0.0128 0.0169 0.000259 0.291

PC 1,160 1.168 0.712 0.00414 5.119

IS 1,160 41.69 8.077 16.44 61.79

RI 1,160 3,974 6,705 4 87,842

RE 1,160 1.365 1.009 0.0136 17.14

of household financial inclusion, and had a significant positive
impact on economic growth [8]. Specifically, by reducing transaction
costs and improving service efficiency, digital finance has expanded
the coverage of financial services [16], opened up new business
opportunities and financing channels for small and medium-sized
enterprises, and promoted the cultivation and growth of emerging
industries [22]. In the development of resource-based cities, the
popularization and application of digital finance has injected new
development energy into the regional economic transformation and
sustainable development [23]. Based on this, this paper proposes
Hypothesis 1: Digital finance helps improve the economy of
resource-based cities.

Digital finance promotes the optimization and upgrading of the
industrial structure through differentmechanisms [24]. By reducing
financing costs and improving the efficiency of resource allocation,
the transformation of traditional industries has been promoted [25].
Digital finance provides necessary financial support for emerging
industries, cultivates new economic growth points, and promotes
industrial diversification through inclusive financial services [26].
Based on this, this paper proposes Hypothesis 2: Digital finance
facilitates economic advancement in resource-based cities through
structural industrial transformation.

Digital finance promotes economic growth by promoting
regional innovation capacity. Digital finance provides a variety
of financing tools and reduces the cost of innovative financing
[27], while fintech innovation improves the efficiency of financial
services and provides support for innovation-driven development.
The development level of digital finance is significantly positively
correlated with the number of patent applications and the intensity
of R&D investment, and this promotion effect ismore obvious in less

developed areas [8]. Based on this, this paper proposes Hypothesis
3: Digital finance helps economic growth in resource-based cities
through regional innovation.

The entrepreneurial business environment provides a broad
space for the application and innovation of digital finance. Resource-
based cities with an active entrepreneurial atmosphere usually have a
more open culture of innovation, and entrepreneurs are more likely
to accept new financial tools and servicemodels [28].The demand of
a large number of entrepreneurs for convenient financial services has
driven the continuous innovation of digital finance [29,30]. Based on
this, this paper proposes Hypothesis 4: Resource cities with active
regional entrepreneurship can better utilize the enhancement effect
of digital finance on their economic development.

4 Research design

4.1 Sample selection and instructions

According to the National Sustainable Development Plan for
Resource-based Cities compiled and issued by the Development and
Reform Commission of The State Council, there are 262 resource-
based cities at the prefecture-level level. Excluding the resource-
based cities with serious data loss, a total of 116 resource-based
cities were obtained as sample data. Among them, there are 23
resource-declining cities, 15 resource-renewable cities, 15 growth
cities and 63 mature cities. The control variables and other data
selected in the empirical research part are all from the China City
Statistical Yearbook over the years, and the data of digital finance are
from theDigital Inclusive Finance Index (PKU-DFIIC) published by
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TABLE 3 Variable correlation matrix and multicollinearity test.

Panel A Pairwise correlations

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

ln_ED 1.000

ln_DFI 0.470∗ 1.000

HC 0.302∗ 0.156∗ 1.000

PC −0.009 0.321∗ −0.040 1.000

GS −0.681∗ −0.087∗ −0.238∗ 0.085∗ 1.000

FDI 0.225∗ 0.020 0.071∗ 0.081∗ −0.220∗ 1.000

URB 0.397∗ 0.097∗ 0.220∗ −0.254∗ −0.170∗ 0.119∗ 1.000

IS −0.059∗ 0.492∗ 0.177∗ 0.247∗ 0.208∗ 0.051 0.010 1.000

RI 0.264∗ 0.220∗ 0.314∗ 0.040 −0.298∗ 0.309∗ 0.128∗ 0.238∗ 1.000

RE 0.108∗ 0.282∗ −0.044 0.109∗ −0.056 0.075∗ −0.067∗ 0.192∗ 0.212∗ 1.000

Panel B Variance inflation factor

VIF 1/VIF

ln DFI 1.605 0.623

IS 1.597 0.626

RI 1.403 0.713

GS 1.353 0.739

PC 1.268 0.789

HC 1.237 0.809

URB 1.192 0.839

FDI 1.168 0.857

RE 1.155 0.866

Mean VIF 1.331

Note: ∗ shows significance at p < 0.05.

the Digital Finance Research Center of Peking University. The type
distribution of resource-based cities is shown in Figure 2.

4.2 Variable selection and data sources

4.2.1 Explained variable (ln_EDit)
The explained variable represents the economic development

level of resource-based city i in year t. This paper refers to the study
of Cao et al. [31] to use the city’s per capita GDP to measure the
level of economic development of resource-based cities, and takes
the natural logarithm to deal with it.

4.2.2 Core explanatory variable (ln_DFIit)
DFIit is the development level of digital finance in resource-

based cities. The digital financial index mainly consists of three
dimensions: breadth of coverage (measuring account penetration
and service point distribution),depth of usage (capturing transaction
frequency, credit services, and digital payment adoption), and
digitalization level (reflecting the integration of digital technology
in financial services). This paper draws on the research ideas of
Guo et al. [32], uses the urban digital financial inclusion index to
measure, and takes the natural logarithmic processing. The larger
the index is, the higher the level of digital financial inclusion
development is.
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TABLE 4 Results of the benchmark regression.

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

Model 1 Model 1 Model 1 Model 1 Model 1 Model 1

ln_DFI 1.582∗∗∗ 1.580∗∗∗ 1.682∗∗∗ 1.649∗∗∗ 1.600∗∗∗ 1.377∗∗∗

(−0.264) (−0.263) (−0.267) (−0.265) (−0.259) (−0.225)

HC 0.3 0.078 0.018 0.077 −0.057

(−0.396) (−0.43) (−0.442) (−0.458) (−0.444)

PC −0.060∗ −0.057∗ −0.057∗ −0.03

(−0.032) (−0.032) (−0.032) (−0.022)

FDI −0.870∗∗ −0.845∗∗ −0.558

(−0.39) (−0.39) (−0.348)

URB −0.353 0.175

(−0.281) (−0.21)

GS −2.108∗∗∗

(−0.387)

Constant 2.893∗∗ 2.902∗∗ 2.462∗ 2.670∗∗ 3.064∗∗ 4.293∗∗∗

(−1.258) (−1.254) (−1.27) (−1.261) (−1.216) (−1.067)

City fixed effect Yes Yes Yes Yes Yes Yes

Time fixed effect Yes Yes Yes Yes Yes Yes

Observations 1,160 1,160 1,160 1,160 1,160 1,160

R-squared 0.622 0.622 0.632 0.637 0.639 0.75

Number of id 116 116 116 116 116 116

Note: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1; Robust standard errors in parentheses.

4.2.3 Control variables
In this paper, referring to previous studies of Zuo et al. [45],

Xu et al. [33], Lin and Ma [34], Rahim et al. [35], the following
control variables were selected: Human capital investment (HC) is
expressed by the proportion of the number of students in ordinary
institutions of higher learning in the total population. Physical
Capital investment (PC), expressed by the proportion of total social
fixed asset investment in GDP. Government support (GS), expressed
by the proportion of fiscal expenditure to GDP. International direct
investment (FDI) is expressed by the proportion of total investment
by foreign-invested enterprises in GDP. Urbanization level (URB)
is expressed by the proportion of urban population in the total
population.

4.2.4 Mediator variable
This paper takes industrial structure and regional innovation as

the mediating variables to explore the influence of digital finance on
the economic development of resource-based cities. The industrial

structure (IS) is measured by the proportion of the tertiary industry
in GDP; Regional innovation (RI) takes R&D investment intensity
as the measurement index.

4.2.5 Moderator variable
This paper takes regional entrepreneurship as a moderating

variable to explore whether digital finance can promote the
economic development of resource-based cities by promoting
regional entrepreneurship. Regional entrepreneurship (RE)
is measured by the proportion of total employment in self-
employment and private enterprises [36]. The variables are
described in Table 1.

4.3 Model design

In order to explore the impact of digital finance on the economic
development level of resource-based cities, the following panel data
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TABLE 5 Instrumental variable validation tests.

Panel A Main IV estimation results

Variables ln_DFI (1) ln_ED (2)

IV2 263.925∗∗∗

(23.94)

ln_DFI 0.788∗∗∗

(24.06)

Control Yes Yes

City fixed effect Yes Yes

Time fixed effect Yes Yes

Observations 1,044 1,044

R-squared 0.716

F-statistic 207.04∗∗∗

Panel B Instrument validity tests

Test Statistics Value P-value

Sargan chi2 (1) 1.857 0.173

Basmann chi2 (1) 1.847 0.174

Kleibergen-Paap rk LM 169.822 0.000

Cragg-Donald Wald F 573.009

Kleibergen-Paap rk Wald F 75.944

Stock-Yogo Weak ID Critical Values

10% maximal IV size 16.38

15% maximal IV size 8.96

Notes: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1. Robust standard errors in parentheses. All regressions include control variables and fixed effects.

regression models were established according to the studies of Liu
et al. [37] and Cao et al. [31]:

ln _EDit = β0 + β1 ln _DFIit + β2Controlit + αi + γt + εit (1)

where ln_EDit denotes the economic development level of city i in
year t, ln_DFIit denotes the digital finance level of city i in year t,
Controlit denotes the set of control variables at the municipal level,
αi denotes the area fixed effect, γt denotes the time fixed effect, and
εit denotes the random disturbance term.

4.4 Empirical results and analysis

4.4.1 Descriptive statistics
Table 2 presents the descriptive statistics of the key variables.

The logarithm of GDP per capita (ln_ED) shows a mean value of

10.732 with a standard deviation of 0.525, indicating substantial
variations in economic development levels across resource-based
cities. The digital financial index (ln_DFI) exhibits a mean of 5.309,
with a range of 1.320 between its maximum and minimum values,
suggesting significant disparities in digital financial development.
From the specific dimensions of digital financial inclusion,the
average values of breadth (ln_breadth), depth (ln_depth) and
digitalization level (ln_dig) are 5.263, 5.242 and 5.520 respectively,
and the standard deviation is 0.324, 0.307 and 0.221 respectively,
indicating that the development level of digital finance in different
dimensions is relatively balanced.

Among the control variables, the average value of physical
capital investment (PC) is 1.168, the standard deviation is 0.712,
and the maximum value reaches 5.119, showing a large investment
difference. The average value of human capital investment (HC) is
0.0128 and the standard deviation is 0.0169, reflecting the relatively
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FIGURE 3
Parallel trend test of digital financial policy effect.

low input of human capital. The average value of government
support (GS) and foreign direct investment (FDI) is 0.230 and
0.0455 respectively, and the standard deviation is 0.107 and 0.0565
respectively, indicating that the degree of government intervention
and the level of foreign capital introduction are generally low. The
average urbanization rate (URB) is 0.455, the standard deviation
is 0.140, and the gap between the maximum value of 0.969 and
the minimum value of 0.185 reaches 0.784, showing significant
differences in the process of urbanization.

In addition, the standard deviation of industrial structure
(IS), technological innovation (RI) and resource entrepreneurship
(RE) is relatively large (8.077, 6.705 and 1.009 respectively),
indicating that resource-based cities have obvious differences in
industrial transformation, innovation ability and environmental
performance. These data highlight the diversity of resource-based
cities in China at different stages of economic development,
especially the heterogeneous characteristics of economic base,
digital financial infrastructure and transformation development,
which may affect the role of digital financial development in
promoting economic growth.

In order to test the correlation between variables in the model
and the problem of multicollinearity, correlation and VIF tests
were conducted in this study, and the results are shown in Table 3.
The results of correlation analysis and multicollinearity test show
that there is no serious correlation problem between variables. The
correlation matrix shows that the level of economic development
(ln_ED) is significantly positively correlated with digital financial
inclusion (ln_DFI) (0.470, p < 0.05), and negatively correlated
with government support (GS) (−0.681, p < 0.05). The correlation
coefficient between digital inclusive finance and industrial structure
(IS) is the highest (0.492, p < 0.05), but it is still significantly
lower than the critical value of 0.7. The VIF test further supports

the judgment that there is no serious multicollinearity among the
variables: the VIF value of all variables is less than 2, far below
the critical value of 5 or 10. Among them, the VIF value of digital
inclusive finance index is the highest (1.605), followed by industrial
structure (1.597), and the average VIF value of the model is 1.331.
These test results jointly show the reliability of regression analysis
and support the validity of subsequent empirical analysis.

4.4.2 Benchmark regression results
In order to verify whether digital finance can promote the

economic development of resource-based cities, this paper uses
model (1) for regression, and the control variables are gradually
added to the model for analysis, as shown in Table 4. The
results listed in Table 4 (1) show that the estimated coefficient
of digital finance (ln _ DFI) is positive when studying only the
impact of digital finance on the economic development of resource-
based cities. When the control variable was gradually included in
the regression, the coefficient was still positive. After including
all control variables in the model for regression, the estimated
coefficient for digital finance (ln _ DFI) was 1.377 and significant
at the 1% level. This indicates that digital finance can effectively
promote the economic development of resource-oriented cities,
which verifies Hypothesis 1.

4.4.3 Endogeneity concerns
4.4.3.1 Tool variable method

In order to solve the endogenous problem caused by the
reverse causality, this paper constructs the interaction term of the
inverse of the geographical distance between resource-based city
and Hangzhou (which varies with individuals) and the lagged
one-period Digital Financial Inclusion Index (which varies over
time) as an instrumental variable for the variable ln_DFI. Table 5
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TABLE 6 DID analysis results.

(1) (2) (3)

Baseline
ln_ED

With controls
ln_ED

Robust
ln_ED

did 0.195∗∗∗ 0.182∗∗∗ 0.551∗∗∗

(0.023) (0.019) (0.046)

treat 0.092∗∗∗ 0.103∗∗∗ 0.058∗∗∗

(0.019) (0.021) (0.020)

post 0.000 0.000 0.000

(.) (.) (.)

HC 1.936∗∗∗ 0.134

(0.469) (0.461)

PC 0.109∗∗∗ −0.014

(0.023) (0.026)

GS −2.548∗∗∗ −2.211∗∗∗

(0.447) (0.433)

FDI −0.833 −0.638

(0.537) (0.414)

URB 0.148 −0.098

(0.282) (0.243)

_cons 10.526∗∗∗ 10.931∗∗∗ 11.027∗∗∗

(0.016) (0.148) (0.116)

N 1,160.000 1,160.000 1,160.000

R-squared 0.285 0.529 0.718

F 81.849 39.807 84.484

Note: Standard errors in parentheses; ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01.

presents the main results of the IV estimation and the test of
the validity of the instrument. The results of empirical tests
show that the validity of instrumental variables is supported by
multiple tests. The Sargan test (χ2 (1) = 1.857, p = 0.173) and
Basmann test (χ2 (1) = 1.847, p = 0.174) failed to reject the null
hypothesis that the instrumental variables were valid, and supported
the exclusive hypothesis that geographical distance only affects
economic development through digital financial inclusion. The
identification strength of the instrumental variables is confirmed
by several tests: The Kleibergen-Paap rk LM statistic was 169.822
(p < 0.001), which strongly rejected the original hypothesis of
under-identification; The Cragg-Donald Wald F-statistic (573.009)
and Kleibergen-Paap rk Wald F-statistic (75.944) both significantly
exceed the Stock-Yogo critical value of 16.38 at the level of
10%, indicating that the instrumental variables are well identified;

The F-statistic of the first stage was 207.04 (p < 0.001), which
further confirmed the correlation of the instrumental variables. The
instrumental variable estimation results show that digital financial
inclusionhas a significant positive impact on economic development
(β = 0.788, p < 0.01), and the effect is still robust after controlling for
urban, timefixed effects and other related variables.These test results
collectively support the validity of the instrumental variables: the
instrumental variables meet the exclusive requirements, have strong
correlation with the endogenous variables, and the identification
results remain robust after considering heteroscedasticity.

4.4.3.2 Difference-in-differences regression
To address potential endogeneity concerns, this paper employs

a difference-in-differences (DID) approach to examine the impact
of digital finance development on enterprise development. In
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FIGURE 4
Placebo DID estimates.

December 2015, the People’s Bank of China and other nine
departments jointly issued the “Guiding Opinions on Promoting
the Healthy Development of Internet Finance,” which marks a
significant policy shock for China’s digital finance sector. Following
this quasi-natural experiment, we construct our DID model by
dividing cities into treatment and control groups based on their
digital finance development index (DFI) in 2015. Specifically, cities
with DFI above the median are assigned to the treatment group,
while those below the median constitute the control group.

In order to verify the reliability of DID method, a parallel
trend test was conducted first. Figure 3 shows the dynamic effects
of the treatment group and the control group before and after
policy implementation. It can be observed from Figure 3 that before
the implementation of the policy (pre_2 and pre_1 periods), the
estimated coefficient of the treatment effect is not significantly
different from 0 (the confidence interval contains 0), indicating that
the treatment group and the control group have similar change
trends before the implementation of the policy, which satisfies the
parallel trend hypothesis of DID method. After the implementation
of the policy, the treatment effect showed a significant upward
trend: in the early stage (post_1 and post_2), the treatment effect
gradually emerged; in the middle stage (post_3 and post_4), the
effect was further enhanced; at the end of the observation period
(post_5), the treatment effect reached about 0.4. This trend of
continuous enhancement shows that the promotion effect of digital
finance development on enterprise development has long-term and
cumulative characteristics.

Table 6 reports the double difference (DID) estimates. Column
(1) is the result of the benchmark model, column (2) is the result
of adding control variables, and column (3) is the robustness
test. The DID coefficient is significantly positive at the 1% level
in all models, and the coefficient ranges from 0.182 to 0.551,
indicating that the policy intervention has a significant positive

effect. The coefficient of the treatment group dummy variable (treat)
remained significantly positive (0.058–0.103). Among the control
variables, human capital (HC) and physical capital (PC) show a
significant positive effect (coefficient is 1.936 and 0.109 respectively),
while government support (GS) shows a significant negative effect
(−2.548). The explanatory power of the model increased from 0.285
in the benchmark model to 0.718 in the robustness test, indicating
that the results are highly reliable.

To verify the reliability of the results, a placebo test was
conducted. Specifically, simulated DID estimates were generated by
randomly assigning 1,000 treatments to the treatment group and the
control group. Figure 4 shows the kernel density distribution (blue
solid line) and the corresponding normal distribution fit curve (red
dashed line) of these estimated coefficients. The results showed that
the estimated values generated by random allocation showed a good
normal distribution, with the distribution center close to 0% and
95% of the estimated values distributed within the range of ±0.05.
This suggests that the benchmark results of this paper are unlikely
to be caused by random factors or other unobserved factors, further
supporting the robustness of the research conclusions.

4.4.4 Robustness test
This papermainly adopts themethods of changing themeasures

of independent and dependent variables and excluding the effects
of some factors to conduct the robustness test. Column (1) of
Table 7 reports the regression results when the independent variable,
the level of digital financial development, is not taken as the
logarithm (dif), column (2) reports the regression results when
the logarithm of the city’s total GDP is used as the dependent
variable in Equation 1, column (3) reports the regression results
when the logarithmof the city’s green total factor productivity (super
efficiency SBM) is used as the dependent variable in Equation 1 and
column (4) excludes the regression results for the two anomalous
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TABLE 7 Results of the robustness test.

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

Replace independent
variables

Replace dependent
variables (total GDP)

Replace dependent
variables (green total
factor productivity)

Exclusion of special
years

DFI 0.005∗∗∗

(−0.001)

ln_DFI 1.128∗∗∗ 0.244∗∗∗ 1.375∗∗∗

(−0.211) (0.040) (−0.222)

HC 0.147 −0.225 −0.251 0.085

(−0.445) (−0.462) (0.535) (−0.38)

PC −0.023 −0.036 −0.094∗∗∗ −0.023

(−0.024) (−0.023) (0.026) (−0.023)

FDI −0.561 −0.740∗∗ −0.014 −0.504

(−0.398) (−0.333) (0.361) (−0.358)

URB 0.179 −0.592∗∗∗ 0.534∗ 0.18

(−0.209) (−0.218) (0.293) (−0.219)

GS −2.126∗∗∗ −2.232∗∗∗ 0.162 −2.072∗∗∗

(−0.397) (−0.417) (0.291) (−0.428)

Constant 10.273∗∗∗ 11.550∗∗∗ −2.690∗∗∗ 4.282∗∗∗

(−0.176) (−1.011) (0.278) (−1.06)

City fixed effect Yes Yes Yes Yes

Time fixed effect Yes Yes Yes Yes

Observations 1,160 1,160 1,160 928

R-squared 0.729 0.747 0.734 0.754

Number of id 116 116 116 116

Note: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1; Robust standard errors in parentheses.

years in the sample period, 2015 (the stockmarket decline) and 2020
(the new Crown Pneumonia outbreak). It can be found that the level
of digital financial development still significantly improves the level
of economic development in resource cities.

4.4.5 Heterogeneity analysis
4.4.5.1 Heterogeneity of resource-based cities

Based on the empirical model, a group regression analysis
of different types of resource cities was performed to test for
the heterogeneous effects of digital financial. The regression
results in Table 8 reveal that digital financial has a significant positive
impact on the economic development of all types of resource cities,
though with notable variations in magnitude. Specifically, digital

financial demonstrates the strongest promoting effect on mature
resource cities (coefficient = 1.273, p < 0.01) and regenerative
resource cities (coefficient = 1.147, p < 0.05), suggesting that a 1%
increase in digital financial inclusion leads to approximately 1.27%
and 1.15% growth in economic development, respectively. Growing
resource cities also exhibit a substantial positive coefficient (1.048, p
< 0.1), while declining resource cities show a relatively smaller but
still significant effect (0.880, p < 0.05).

The heterogeneous effects might be attributed to the varying
developmental stages and economic structures of these cities.
Mature resource cities, with their well-established financial
ecosystems and digital infrastructure, can more effectively
leverage digital financial inclusion to enhance financial service
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TABLE 8 Type of heterogeneity of resource-based cities.

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

Declining resource
cities

Regenerative
resource cities

Growing resource
cities

Mature resource
cities

ln_DFI 0.880∗∗ 1.147∗∗ 1.048∗ 1.273∗∗∗

(−0.414) (−0.534) (−0.56) (−0.367)

HC 0.948 −25.700∗ 0.309 −3.564

(−1.832) (−13.782) (−0.269) (−3.437)

PC −0.081∗ 0.117∗ −0.071∗ −0.006

(−0.043) (−0.063) (−0.036) (−0.025)

FDI 0.017 −0.555 −0.623 −0.987∗

(−0.537) (−0.79) (−0.504) (−0.587)

URB −0.1 −0.175 1.202 0.466

(−0.302) (−0.249) (−1.576) (−0.343)

GS −1.116∗∗ −2.909∗∗∗ −2.935∗∗∗ −2.071∗∗∗

(−0.51) (−0.476) (−0.529) (−0.575)

Constant 6.709∗∗∗ 6.067∗∗ 5.878∗ 4.607∗∗∗

(−2.037) (−2.579) (−2.916) (−1.704)

City fixed effect Yes Yes Yes Yes

Time fixed effect Yes Yes Yes Yes

Observations 230 150 150 630

R-squared 0.571 0.753 0.828 0.809

Number of id 23 15 15 63

Note: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1; Robust standard errors in parentheses.

efficiency. Regenerative cities, despite undergoing economic
transformation, show strong potential in utilizing digital financial
inclusion to support their emerging industries. The relatively
high R-squared values for mature (0.809), growing (0.828),
and regenerative cities (0.753) indicate that the model explains
a large proportion of the variation in economic development
for these city types. The lower R-squared value for declining
cities (0.571) suggests that other factors may play more
important roles in their economic development. These findings
provide valuable insights for formulating differentiated digital
financial inclusion policies across different types of resource
cities.

In order to further explore the nonlinear impact of digital
financial development level on economic growth, this paper further
adopts the method of quantile regression and divides the sample
into four intervals according to the level of digital financial
development for analysis. This method can not only capture the

threshold effect of digital finance development, but also reveal the
heterogeneous impact under different levels of development. The
results of the quantile regression are reported in Table 9. From the
regression coefficient, the relationship between digital finance and
economic development shows significant nonlinear characteristics:
In the first quartile group (DFI∈[4.475, 5.107]), digital finance
has a significant promoting effect on economic development (β
= 0.779, p < 0.01); In the second quartile group (DFI∈[5.107,
5.309]), this promoting effect was significantly weakened (β =
0.359, p < 0.1); However, after crossing a specific threshold,
the effect of influence was significantly enhanced in the third
quartile group (DFI∈[5.309, 5.511]) and the fourth quartile group
(DFI∈[5.511, 5.795]) (β = 1.323, p < 0.01 and β = 1.211, p
< 0.01, respectively). This result not only verifies the previous
findings on the heterogeneity of resource-based cities, but also
further reveals that there is an obvious “critical point effect” in
the development of digital finance, that is, it needs to reach a
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TABLE 9 Quartile regression results of digital financial inclusion development level.

Variables First quartile Second quartile Third quartile Fourth quartile

(Q1) (Q2) (Q3) (Q4)

ln_DFI 0.779∗∗∗ 0.359∗ 1.323∗∗∗ 1.211∗∗∗

(0.145) (0.212) (0.393) (0.297)

HC 4.450∗∗∗ −0.067 0.441 0.986

(1.611) (1.667) (0.999) (0.691)

PC −0.074 −0.006 −0.048∗ −0.031∗

(0.081) (0.036) (0.025) (0.017)

GS −2.796∗∗∗ −2.896∗∗∗ −2.545∗∗∗ −2.703∗∗∗

(0.197) (0.153) (0.168) (0.211)

FDI 0.474 1.024∗∗∗ 0.611∗ 0.261

(0.349) (0.347) (0.329) (0.247)

URB 0.919∗∗∗ 0.935∗∗∗ 0.730∗∗∗ 0.811∗∗∗

(0.169) (0.129) (0.124) (0.118)

Constant 6.857∗∗∗ 8.986∗∗∗ 3.892∗ 4.457∗∗∗

(0.710) (1.113) (2.138) (1.676)

Observations 290 290 290 290

F-statistic 83.34 101.18 72.18 69.13

Prob > F 0.000 0.000 0.000 0.000

R2 0.639 0.682 0.605 0.594

Root MSE 0.324 0.280 0.269 0.267

DFI Range [4.475–5.107] [5.107–5.309] [5.309–5.511] [5.511–5.795]

Note: (1) Standard errors in parentheses; (2) ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1; (3) The dependent variable is the logarithm of GDP, per capita (ln_ED); (4) DFI, range indicates the range of digital
financial inclusion index in each quartile group.

certain level of development (about 5.309) to give full play to its
promoting role.

In order to more intuitively show the heterogeneous effect
of digital financial development, Figure 5 presents the influence
intensity of each control variable under different quantile groups
in the form of heat map. As shown in Figure 5, physical capital
(PC) shows the most significant heterogeneity characteristics,
and its economic promotion effect increases significantly with
the development level of digital finance, reaching the strongest
in the fourth quartile group (dark blue area). This progressive
enhancement pattern suggests that there may be an important
complementary effect between digital finance and physical capital.
In contrast, other control variables show different heterogeneous
characteristics: The level of urbanization (URB) has a relatively
stable moderate impact in each percentile group (light blue area),

indicating that its promoting effect on economic development is
relatively robust; Government support (GS) shows a weak but
stable positive impact (lightest blue area); The independent impact
of human capital (HC) and foreign direct investment (FDI) is
relatively limited.

Based on the results of heat map analysis and grouped
regression, the phenomenon that the digital financial effect of
declining cities is weak (β = 0.88) can be explained from the
perspective of factor matching. The heat map shows that the effect
of physical capital (PC) increases significantly with the development
level of digital finance, while the declining cities are generally in
the low quartile group, which makes it difficult to activate the
synergistic effect between physical capital and digital finance. At
the same time, the stable positive impact of urbanization (URB)
is weakened in the context of aging infrastructure, and the effects

Frontiers in Physics 14 frontiersin.org

https://doi.org/10.3389/fphy.2025.1606093
https://www.frontiersin.org/journals/physics
https://www.frontiersin.org


Qi and Wang 10.3389/fphy.2025.1606093

FIGURE 5
Heat map of control variable effects under different digital
finance levels.

of human capital (HC) and foreign investment (FDI) are weak,
resulting in the imbalance of factor matching and restricting the
effect of digital finance. This finding reveals the “threshold effect”
of digital finance development and provides a theoretical basis for
urban differentiated development strategy.

4.4.5.2 Heterogeneity of digital financial inclusion
segmentation dimension

Based on the empirical results shown in Table 10, the
heterogeneous effects of different dimensions of digital finance
on economic development is analyzed. The regression results
reveal distinct impacts across the three dimensions: coverage
breadth (ln_breadth), usage depth (ln_depth), and digitization
degree (ln_dig). The breadth of digital financial demonstrates
the strongest positive effect on economic development, with a
coefficient of 1.578 (p < 0.01). This substantial impact suggests
that a 1% increase in coverage breadth leads to approximately
1.58% growth in economic development. The high statistical
significance and large magnitude of this coefficient emphasize
the crucial role of expanding financial service accessibility in
resource-based cities, where traditional financial services may be
inadequate. The depth of digital financial usage shows a moderate
but significant positive effect, with a coefficient of 0.404 (p <
0.01). This indicates that intensifying the usage of digital financial
services contributes positively to economic development, though
with less impact than coverage breadth. The smaller coefficient
might reflect existing barriers to deep financial service utilization,
such as limitations in financial literacy or sophisticated financial
product demand. Interestingly, the digitization degree (ln_dig)
shows a non-significant negative coefficient (−0.028), suggesting

that mere technological advancement in financial services may not
automatically translate into economic benefits. This finding implies
that the effectiveness of digital financial may depend more on its
reach and actual usage rather than the level of digitization alone.
The consistently high R-squared values across all models (ranging
from 0.717 to 0.780) indicate strong explanatory power of the
regression models. These findings provide important implications
for policymakers in resource-based cities, suggesting that priority
should be given to expanding financial service coverage while
simultaneously promoting deeper usage of these services.

5 Mechanism analysis

The previous benchmark regression results show that digital
finance can obviously promote the economic development of
resource-oriented cities, so how digital finance affects economic
development through the conduction channel and the mechanism
of action is the focus of the next research.

In this paper, the Bootstrap method recommended by Preacher
and Hayes [38] is used to test the mediation effect. This
method generates empirical distribution ofmediation effect through
repeated sampling and calculates the confidence interval with
bias correction, which effectively overcomes the problems such
as low test power and logical defects of the traditional three-
step method [39]. In this paper, the Bootstrap repeated sampling
times are set to 5,000 times and the confidence level is 95%. When
the confidence interval does not contain 0, it indicates that the
mediation effect is significant. The specific model is as follows:

The main effect is calculated using Equation 2 as follows:

ln _EDit = γ0 + γ1 ln _DFIit + γ2ISit + γ3RIit + γ4Controlit + λit (2)

Themediation effects are calculated usingEquations 3, 4 as follows:

ISit = φ0 +φ1 ln _DFIit +φ2Controlit + μit (3)

RIit = δ0 + δ1 ln _DFIit + δ2Controlit + νit (4)

where Controlit represents the set of control variables (HC, PC, GS,
FDI, URB). Industrial structure (IS) is measured by the share of
tertiary industry in GDP; regional innovation (RI) is selected as
R&D input intensity.

As shown in Table 11, the results of Bootstrap mediation
effect test show that digital financial inclusion (ln_DFI) affects
economic development (ln_ED) through a double mediation path.
The empirical results show that digital financial inclusion has a
significant direct promoting effect on economic development (β
= 0.385, t = 14.113, p < 0.05). In terms of the intermediary
transmissionmechanism, digital financial inclusion has a significant
positive impact on regional innovation (β = 2,853.481, t = 7.694,
p < 0.05) and industrial structure (β = 3.599, t = 9.095, p < 0.05).
Regional innovation has a significant positive effect on economic
development (β = 0.00042, t = 6.283, p < 0.05), while industrial
structure has a significant negative impact (β = −0.039, t = −5.188,
p < 0.05). The goodness of fit and F-statistic of the regression model
(R2 = 0.191, F = 92.251, p < 0.01) indicate that the estimated results
have strong statistical significance.
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TABLE 10 Test of the heterogeneity of the subdivision dimension of digital financial.

Variables (1) (2) (3)

Model 1 Model 1 Model 1

ln_breadth 1.578∗∗∗

(0.229)

ln_depth 0.404∗∗∗

(0.132)

ln_dig −0.028

(0.062)

HC −0.534 0.222 0.156

(0.710) (0.457) (0.473)

PC −0.032 −0.019 −0.013

(0.022) (0.025) (0.026)

FDI −0.593∗ −0.598 −0.658

(0.317) (0.390) (0.416)

URB 0.274 −0.132 −0.113

(0.255) (0.253) (0.252)

GS −1.965∗∗∗ −2.234∗∗∗ −2.212∗∗∗

(0.362) (0.421) (0.431)

Constant 3.461∗∗∗ 9.110∗∗∗ 11.175∗∗∗

(1.082) (0.615) (0.337)

City fixed effect Yes Yes Yes

Time fixed effect Yes Yes Yes

Observations 1,160 1,160 1,160

R-squared 0.780 0.724 0.717

Number of id 116 116 116

Note: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1; Robust standard errors in parentheses.

Based on the analysis of the effect size of the
mediation effect in Table 12, it is found that there are significant
differences in the mechanism by which digital financial inclusion
(ln_DFI) affects economic development (ln_ED) through regional
innovation (RI) and industrial structure (IS). Specifically, the partial
mediation effect (Partial Mediation Effect) is observed through
the regional innovation (RI) pathway, with a total effect of 0.526, a
mediation effect of 0.120, and a direct effect of 0.385, representing an
effect size of 22.81%. Similarly, the partial mediation effect (Partial
Mediation Effect) is also observed through the industrial structure
(IS) pathway, with a total effect of 0.526, a mediation effect of-
0.140, and a direct effect of 0.385, representing an effect size of

26.62%. This result indicates that the mechanisms by which digital
financial inclusion influences economic development through
regional innovation and industrial structure are complex. On
one hand, it creates a positive partial mediating effect through
regional innovation; on the other hand, it generates a negative
partial mediating effect through industrial structure. Although the
magnitude of these effects is similar, they have opposite directions,
collectively shaping the overall impact of digital financial inclusion
on economic development.

The complexity of the impact mechanism of digital financial
inclusion is reflected by the dual mediating effect of regional
innovation and industrial structure on economic development.
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TABLE 11 Mediation model test.

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

ln_ED RI IS ln_ED

Constant
7.944∗∗ −13227.329∗∗ 17.393∗∗ 8.342∗∗

(41.311) (−5.895) (6.482) (42.666)

ln_DFI
0.526∗∗ 2,853.481∗∗ 3.599∗∗ 0.385∗∗

(14.524) (7.694) (9.095) (14.113)

RI
0.00042∗∗

(6.283)

IS
−0.039∗∗

(−5.188)

Observations 1,160 1,160 1,160 1,160

R-squared 0.153 0.048 0.066 0.191

F-statistics 210.936∗∗∗ 59.205∗∗∗ 82.727∗∗∗ 92.251∗∗∗

Note: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1; t-value is in parentheses.

TABLE 12 Summary of effect size results of mediator.

Model effects Conclusion Gross effect Mediator effect Direct effect Effect size (%)

ln_DFI=>RI=>ln_ED Partial Mediation Effect 0.526 0.120 0.385 22.81

ln_DFI=>IS=>ln_ED Suppression Effect 0.526 −0.140 0.385 26.62

As for the positive mediating effect of regional innovation,
it mainly stems from digital finance improving the allocation
efficiency of innovation factors, reducing information asymmetry,
optimizing risk dispersionmechanism, and promoting collaborative
innovation among enterprises, universities and research institutes.
The negative mediating effect of industrial structure is reflected
in that digital finance may lead to the imbalance between virtual
and real economy, aggravate the Matthew effect, increase the
transformation cost and strengthen the path dependence. The
mediation effect in the opposite direction is also affected by the
interaction of time lag effect, regional heterogeneity and policy
environment. The innovation effect needs time to accumulate, while
the negative impact of structural adjustment is quickly revealed.
The finding shows that to promote the development of digital
finance, we need to take into account innovation-driven and
structural optimization, and adopt differentiated and precise policy
combinations.

To test Hypothesis 4, inspired by Song et al. [40], this paper
introduces the interaction term between digital finance (Ln_DFI)
and regional entrepreneurship (RE) to investigate whether digital
finance can promote economic development in resource-based

cities by fostering regional entrepreneurial activities. The model is
specified with Equation 5 as follows:

ln _EDit = ϕ0 +ϕ1 ln _DFIit +ϕ2REit +ϕ3(ln _DFIit ×REit) +ϕ4Controlit
+ αi + λt + ξit

(5)

where RE denotes regional entrepreneurship, which is measured
by the share of the number of self-employed and private firms
in total employment [36]. Ln_ DFI∗RE denotes the interaction
term between digital finance and regional entrepreneurship,
and in this paper, the coefficient of the interaction term ϕ
3 is of primary concern. Table 13 shows the results of the
empirical analyses.

Table 13 presents the impact of the interaction term between
digital finance and regional entrepreneurship on economic
development across different types of resource-based cities. The
interaction effect between digital finance (ln_DFI) and regional
entrepreneurship (RE) demonstrates significant positive impacts
across resource-based cities at different development stages, showing
a clear ascending pattern from declining cities (0.031∗) to mature
cities (0.117∗). In resource-based cities with active entrepreneurship,
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TABLE 13 The regression results of the interaction analysis.

Variables Declining
resource
cities

Regenerative
resource cities

Growing
resource
cities

Mature
resource
cities

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

ln_DFI 0.495∗∗∗ 0.486∗∗∗ 0.519∗∗∗ 0.545∗∗∗ 0.691∗∗∗ 0.717∗∗∗ 0.688∗∗∗ 0.697∗∗∗

(−0.099) (−0.096) (−0.11) (−0.106) (−0.079) (−0.086) (−0.053) (−0.051)

RE 0.041 0.211∗ 0.002 0.183∗ 0.012 0.412∗∗ 0.008 0.600∗∗

(−0.026) (−0.584) (−0.022) (−0.326) (−0.037) (−0.414) (−0.007) (−0.244)

ln_DFI∗RE 0.031∗ 0.033∗ 0.077∗∗ 0.117∗∗

(−0.108) (−0.058) (−0.077) (−0.047)

HC 2.032 2.227 −28.339∗∗ −29.449∗∗ 0.829∗∗ 0.781∗∗ −3.781 −3.372

(−2.109) (−2.152) (−11.76) (−12.42) (−0.289) (−0.294) (−3.485) (−3.044)

PC −0.041 −0.04 0.170∗∗ 0.162∗∗ −0.045 −0.044 0.043∗ 0.043

(−0.04) (−0.04) (−0.067) (−0.065) (−0.039) (−0.041) (−0.025) (−0.026)

GS −1.603∗∗∗ −1.624∗∗∗ −3.230∗∗∗ −3.200∗∗∗ −3.050∗∗∗ −3.023∗∗∗ −2.368∗∗∗ −2.328∗∗∗

(−0.419) (−0.455) (−0.446) (−0.454) (−0.42) (−0.407) (−0.619) (−0.583)

FDI 0.365 0.419 −0.48 −0.444 −0.845 −1.204∗∗ −0.896 −0.78

(−0.448) (−0.5) (−0.775) (−0.732) (−0.51) (−0.513) (−0.635) (−0.587)

URB 0.021 0.028 −0.03 −0.047 0.907 0.932 0.494 0.476

(−0.489) (−0.489) (−0.176) (−0.197) (−1.532) (−1.592) (−0.326) (−0.345)

Constant 8.501∗∗∗ 8.545∗∗∗ 9.068∗∗∗ 8.948∗∗∗ 7.652∗∗∗ 7.502∗∗∗ 7.382∗∗∗ 7.317∗∗∗

(−0.53) (−0.513) (−0.533) (−0.494) (−0.791) (−0.89) (−0.33) (−0.343)

City fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

Time fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

Observations 230 230 150 150 150 150 630 630

R-squared 0.479 0.479 0.724 0.725 0.793 0.794 0.762 0.773

Number of id 23 23 15 15 15 15 63 63

Note: ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1; Robust standard errors in parentheses.

entrepreneurs are more willing to try new financial tools and service
models to accelerate the penetration and application of digital
finance in various industries [41]. At the same time, the active
entrepreneurial ecosystem can provide more application scenarios
and innovation opportunities for digital finance, and promote the
continuous innovation and improvement of digital finance in its
products and services, forming a virtuous circle. Therefore, resource
cities with active regional entrepreneurship can better utilize the
role of digital finance in enhancing their economic development
level, verifying Hypothesis 4.

6 Conclusion and recommendations

6.1 Conclusion

This paper examines the impact of digital finance on the
economic development of resource-based cities in China, using
panel data from 116 cities between 2014 and 2023. The results
show that: (1) Digital finance significantly improves the economic
development of these cities. This finding holds true even after
addressing potential issues such as endogeneity, replacing key
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variables, and excluding unusual years. (2) The impact of digital
finance varies across different types of resource-based cities. For
example, growing and mature cities benefit more from digital
finance than declining and regenerative cities. This difference is
likely because cities with stronger economic foundations and better
digital infrastructure can use digital finance more effectively. (3)
Digital financial has a significant impact on economic development
through two intermediary channels of regional innovation and
industrial structure, but there are obvious differences in the direction
and effect size of its effects. (4) Cities with active entrepreneurial
ecosystems are more effective in leveraging digital finance to
enhance their economies. Entrepreneurship plays an obvious role
in regulating the relationship between digital finance and economic
development, especially in mature cities and growing cities.

6.2 Recommendations

Based on the results of empirical research, this paper puts
forward differentiated digital financial development suggestions for
different types of resource cities. For mature cities, the positive
intermediary effect of regional innovation should be fully utilized
to reduce the cost of innovation by setting up financial technology
innovation experimental zones. Specifically, the establishment of
fintech talent center can cultivate professional talents through the
mode of “integration of industry and education, learning by use,”
and provide intellectual support for regional innovation; At the
same time, an intellectual property securitization platform should
be built to realize the value transformation of innovative assets and
improve the efficiency of innovative factor allocation. For growing
cities, the focus is to build an industrial digital financial service
system, promote the improvement of service innovation ability
by cultivating a digital financial talent base, and guide financial
institutions to expand the coverage of inclusive services by shifting
their service focus downward. Regenerative cities need to balance
innovation-driven and structural adjustment, solve the financing
problems of small and medium-sized enterprises by building a
supply chain finance platform, and build a collaborative innovation
platform among industry, university and research institutes to
promote the transformation of technological achievements. For
declining cities, in order to prevent and control the negative
structural effect and solve the financial constraint, it is suggested
to adopt the innovative fund operation mode of “government
guidance and market dominance”: introduce social capital to
build digital infrastructure through PPP mode, set up government
risk compensation fund to leverage credit supply from financial
institutions, and introduce market-oriented operation mechanism
to improve the efficiency of fund use.

6.3 Limitations and future research

Although this paper provides valuable findings, there are still
some limitations. First of all, the digital finance index used in
this study is mainly based on Alipay data, which fails to fully
cover other digital finance platforms and does not deeply describe
the characteristics of digital finance use of industrial enterprises.
Secondly, the sample only covers 116 resource-based cities in

China, which fails to fully reflect the diversity of global resource-
based cities. Thirdly, the existing measurement methods may have
endogeneity problems and fail to fully consider the spatial spillover
effect. Future research can: (1) integrate multi-platform data to
build a more comprehensive digital financial index system; (2)
Incorporating samples from other developing countries for cross-
country comparative studies; (3) New methods such as machine
learning are used to verify the results. These expansions will help
deepen the understanding of how digital finance can drive the
development of resource-based cities.
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