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A study of the spillover effects of
digital financial agglomeration
on economic resilience

Zhiming Zhu, Yuanyuan Yang and Hongyan Li*

Department of International Economics and Trade, School of Business, Hohai University, Nanjing,
China

Introduction: Digital finance is the combination of digital information
technology and traditional finance. And digital financial agglomeration plays
a pivotal role in the process of improving economic resilience in the new era.

Method: This paper introduces digital financial agglomeration, measures the
economic resilience of each province and conducts spatial correlation tests
by using 30 inter-provincial (except Hainan Province) panel data from 2011
to 2020, and constructs a Spatial Durbin Model to empirically analyze the
relationship between digital financial agglomeration and economic resilience
based on the theory of diffusion effect of digital financial agglomeration and
research hypotheses.

Result: The results show that: (1) Digital financial agglomeration can have a
positive effect on economic resilience by expanding the scale of consumption.
(2) Digital financial agglomeration has a direct effect on the economic
resilience of the region and an indirect spillover effect on the economic
resilience of neighboring regions. (3) The effects of the main explanatory
variables on economic resilience pass the robustness test: the positive effects
of digital financial agglomeration, consumption scale and the interaction term
of the two on economic resilience are significant.

Discussion: This paper focuses on the phenomenon of digital financial
agglomeration, which is a unique perspective, and explores the influence
mechanism of digital financial agglomeration on economic resilience from the
perspective of spatial spillover effects of digital financial agglomeration, which
is somewhat innovative.

KEYWORDS
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1. Foreword and literature review

1.1. Foreword

China’s digital inclusive finance business has achieved leapfrog development between
2011 and 2020, with the digital inclusive finance index of 33.6 by provinces in 2011,
grew to 214.6 with a 548% increase at the end of 2015 when inclusive finance was
officially promoted to the national level. Accompanied by big data, cloud computing and
other wide application of digital technology, the digital inclusive finance index grew to
334.8 in 2020 (1). The development of digital finance has slowed down in near years,
but it still maintains a considerable growth rate, and digital inclusive financial services
are still growing. Digital finance has developed a variety of specific forms with the
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support of digital technology, including third-party payment,
P2P network lending, and Internet financial products, etc.
Among them, the third-party payment form refers to the
intermediary platform that provides payment and settlement
services for merchants and consumers. The representative
platforms in China include Alipay, CaiPay, UnionPay e-wallet,
etc; P2P network lending platform means “person-to-person
lending,” and aims to build a third-party network platform
to realize the direct match between the suppliers and the
demanders of funds; Internet financial products mean that
various financial institutions use big data mining technology to
accurately design precise marketing models to meet different
customers’ financial needs, such as balance funds and zero
money pass.

Chinese National Bureau of Statistics announced that
Chinese economy reached 114.37 trillion yuan in 2021, with
a year-on-year growth of 8.1% (2). As a result, we lead
to the basic judgment that Chinese economy is resilient
and sufficiently potential. However, the intricate domestic
and international environment, such as unilateralism, rising
protectionism and recurring epidemics, have had a huge impact
on the sound development of Chinese economy. How to
promote economic development steadily has become a major
topic of current research, and at the same time, improving
economic resilience provides a kind of guidance to address the
issue. Does the current development of digital finance have
a positive effect on the improvement of economic resilience?
How to use the cluster of digital financial resources to
further promote economic resilience, so as to promote the
stable development of the domestic economy, and drive the
world economic recovery, has become a popular topic for
academic research.

And the overall structure of the article is shown below:
the first part, introduction and literature review part. The
the
current situation of digital finance development in China

introduction section mainly describes history and
and the significance of this paper; the literature review
section summarizes the existing literature on the interaction
between digital finance and economic development, the
marginal contribution of this paper. The second part is
theoretical analysis. This section gives economic theoretical
support, such as financial geography and inclusion theory,
and explains the impact mechanism of digital financial
agglomeration on economic resilience. In the third part,
the evaluation system of digital financial agglomeration is
constructed from two perspectives of digital financial scale
and digital financial efficiency, and the economic resilience
is constructed from absorption, resistance, recovery and
the Spatial Durbin
part, the empirical

transformation. In the fourth part,
Model In the fifth
results are analyzed. The last part

is constructed.
includes conclusion

and recommendation.
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1.2. Literature review

In recent years, with the popularization of digital technology
applications, the development of digital finance has gained high
momentum, and many scholars have begun to focus on the
economic effects of digital finance. From a macro perspective,
Han et al. (3) used SYS-GMM method and mediated effect
model to study the transmission mechanism of the impact of
digital finance on the high-quality economic development; Ma
and Qu (4) analyzed the impact of digital inclusive finance
on high-quality economic development from the perspective
of rural human capital and digital divide; Lv et al. (5) studied
the relationship between digital finance and the issue of green
transformation of industrial economy; Zhou et al. (6) analyzed
the mechanism of the role of digital finance for poverty
alleviation and income increase, and believed that digital finance
can increase income and reduce the regional income gap. From
a microscopic perspective, Zhang et al. (7) analyzed the impact
of the breadth of coverage, depth of use and the degree of
digitization of digital finance on the high-quality development
of enterprises through heterogeneity; Jiang and Jiang (8) found
that the impact of digital finance on urban green economy
efficiency is positive “U” shaped, and the impact was limited
by the resource endowment of many cities from a non-linear
perspective; Tian and Pan (9) studied the effect of digital finance
development on urban economic efficiency and found that the
effect was non-linear with increasing “marginal effect” as the
level of digital finance development in cities increase. From
the perspective of agglomeration, Liu and Dong (10) explored
the impact of financial agglomeration on the development
of the real economy from the perspective of digital financial
inclusion. A few studies focused on digital finance and economic
resilience, such as Cui (11) analyzed the impact of digital finance
on economic resilience from the perspective of heterogeneity
and intermediation effects. Whether from macro, micro or
agglomeration perspectives, numerous scholars’ studies have
shown that digital finance has obvious effects on economic
development, enterprise sustainability and urban efficiency,
providing valuable reference values for the next studies in
this paper.

Throughout the existing literature, it is found that the
economic effects of digital finance and economic development
have been richly researched, but there are still the following
shortcomings: firstly, most studies focused more on the
economic effects of digital finance, and less literature focused
on the economic effects or spillover effects generated by
digital financial agglomeration; secondly, there was a lack
of literature combining digital financial agglomeration and
economic resilience. Therefore, different from previous studies,
this paper makes the following marginal contributions: (1) The
existing literature focuses more on the impact of digital finance
on economic development and ignores the agglomeration
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phenomenon of digital finance in more developed regions.
This paper focuses on the economic effects and spillover
effects generated by the agglomeration of digital finance. (2)
The existing literature about the impact of digital financial
agglomeration on economic resilience is relatively little, and
how digital financial agglomeration affects economic resilience
needs further analysis and proof. In this paper, we investigate
the mechanism of the impact of digital financial agglomeration
on economic resilience from the perspective of spatial spillover
effects, and use the Spatial Durbin Model to decompose the
impact of digital financial agglomeration on economic resilience
into direct and indirect effects.

2. Theory

2.1. Economy theory

Financial geography is an emerging discipline between
finance and geography, which refers to the study of
finance-related issues by introducing spatial factors such
as geographical distance and considering the impact of spatial
geography on the issues under study (12). The “information
externality,; “information hinterland” and “information
asymmetry” constitute the core theory of financial geography.
The “information externality” suggests that in a certain
geographical area, information itself has a certain public nature,
and the place where the financial industry is concentrated
is where there are many financial resources and banks and
other financial institutions, and these banks and other financial
institutions generate and aggregate a lot of information,
and financial institutions can profit from the “information
externality”; the “information hinterland” is the center of
a region, where information is most concentrated and at
the lowest cost, and where information can flow efficiently.
Within the “information hinterland,” enterprises can obtain
information at the lowest cost, which facilitates the flow of
information between the demanded enterprises and financial
institutions; the “asymmetric interest” divides information
into standardized (public) information and non-standardized
(internal) information, which is largely uncertain, and in
the transmission of such information, ambiguity will arise
due to distance loss and increase marginal costs, asymmetric
information will prompt enterprises and financial institutions
to gather in the information hinterland in order to grasp more
information, forming financial agglomerations.

And the core view of financial inclusion theory is
that financial inclusion is conducive to equitable economic
development, helping to achieve the economic development
goal of full employment, can promote the transformation of
economic growth mode to intensive and efficient, realize the
sharing of the fruits of economic development, and finally
promote sustainable economic development (13). At the same
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time, financial inclusion is conducive to narrowing the gap
between the rich and the poor, reducing the differences in
financial development between regions, enhancing the regional
allocation efficiency of financial resources, facilitating the overall
regulation of financial development, and ensuring the stability
of financial markets and economic operations. In addition,
financial inclusion is also further generating more financial
innovation products and services, changing the more backward
part of traditional finance helps to provide a brand-new
development momentum for the economy, and make financial
markets more competitive.

2.2. Hypothesis

Consumption is an important source and driving force
of economic growth, as well as an activity closely related to
residents’ daily life. Digital technology has greatly reduced
the cost of financial services and at the same time lowered
the cost of consumption for residents; Digital credit has
lowered the capital borrowing constraint and improved the
borrowing efficiency, while various kinds of financial innovation
products are emerging one after another, such as consumer
and mortgage credit, relieving the borrowing pressure and
stimulating residents’ willingness to consume. The combination
of finance and science technology has led to the rapid
development of digital finance, and digital finance is constantly
developing in the direction of inclusiveness, comprehensiveness,
directness and convenience. The development of Internet
technology and digital technology has led to the flourishing of
digital finance (9). Analyzed from the demand-side dimension,
digital financial agglomeration firstly effectively reduces the
cost of financial intermediary services, as many financial
intermediaries in the agglomeration area compete fiercely
to provide guaranteed financial innovation products while
effectively lowering the price of the intermediary services
they provide such as consulting and agency, providing urban
and rural residents with lower cost consumption conditions;
Secondly, digital financial agglomeration can also effectively
reduce the lending constraints of funds by providing more
financial innovation products such as consumer credit and
mortgage credit, which widen the channels for individual
residents to obtain consumption funds and are conducive to the
expansion of the scale of consumption demand (10); Finally,
financial agglomeration provides urban and rural residents with
diversified investment, value preservation and quality services,
which are conducive to improving the living conditions of
urban and rural residents and stimulating their consumption
requirements for social life. The expansion of consumption scale
at the demand level triggered by digital financial agglomeration
can not only crack the factor bottlenecks encountered in the
production process of enterprises in local and larger regions
to a greater extent, but also fundamentally solve the problem
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of excess products of enterprises. At the same time, it makes
the product competition environment between enterprises
increasingly intense, stimulates enterprises to continuously
innovate and develop, and enhances the overall resistance and
resilience of the economy. This leads to the hypothesis that:

H1: Digital financial agglomeration can have a positive
effect on economic resilience by stimulating the expansion
of consumption scale.

With the support of modern digital information technology,
financial services have become more convenient, inclusive and
comprehensive, and customers can conduct relevant business
via the internet anytime and anywhere, no longer highly
dependent on hardware devices such as banking institutions
and ATM devices. In recent years, the rapidly developing digital
finance has produced aggregation in spatial geography, which
has a direct effect on enhancing the absorption, recovery,
resistance and transformation of the regional economy. When
digital finance clusters to the corresponding degree, it will
produce a diffusion effect. The reasons are as follow: firstly,
if a space gathers high-quality information technology, digital
financial resources will be richer based on information
technology; secondly, the supply will be greater than demand,
which will lead to the squeeze effect, rising costs and
profit-seeking phenomenon will also appear; Thirdly, a large
number of digital financial resources, such as talent, technology
and investment will be transferred from the high aggregation
areas to neighboring, which will have an indirect effect
on the improvement of economic resilience of neighboring
regions. There are two main flow directions of digital financial
resources, namely, the concentration and diffusion of digital
financial resources (13). Concentration refers to the process
of attracting a large amount of digital financial resources to
a certain area to converge to that area continuously under
the location advantage; Diffusion refers to the process of
transferring digital financial resources to the surrounding areas,
so that the resource density of the original agglomeration area
slowly decreases (14). The development of digital financial
agglomeration in the core region to a certain scale gradually
leads to the transfer of inefficient resources from the core
agglomeration to the surrounding areas, and at the same time
attracts advanced technology and high-quality resources to the
core agglomeration, thus improving the quality of economic
development in the core region, which has a direct effect on
the economic resilience of the region, and also drives the
development of digital financial resources in the surrounding
backward areas, which has an indirect effect on the economic
resilience of the surrounding areas (15). This has an indirect
effect on the economic resilience of the surrounding areas. It
can be seen that financial agglomeration is not only the process
of increasing “quantity,” but also the process of improving
“quality.” This leads to the hypothesis that:
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TABLE 1 Index system of digital financial agglomeration.

Level 1 Level 2 Code Weights

Digital finance scale Digital finance Al 0.163
coverage breadth
Digital finance use A2 0.183
depth
Digital inclusive A3 0.077
finance

Digital financial efficiency | Digital payment B1 0.200
Digital insurance B2 0.154
Digital credit B3 0.223

Data source: Digital Finance Research Center of Peking University.

H2: Digital financial agglomeration has a direct effect on
the improvement of economic resilience in the region,
and can also contribute to the improvement of economic
resilience in neighboring regions through indirect effects.

3. Index system

3.1. Index system of digital financial
agglomeration

In this paper, we define digital financial agglomeration as
the phenomenon that digital financial resources are spatially
concentrated and distributed, and links are established between
many economic agents, thus promoting the development of
regional digital finance. According to the index provided by the
Digital Finance Center of Peking University, interpretation of
the indicators are given as follows: breadth of digital financial
coverage is third-party account coverage, with greater third-
party coverage indicating broader digital financial coverage.
Depth of digital financial usage is the actual total amount of
digital business and the degree of active usage; a higher actual
total amount and a higher degree of active usage indicate a
deeper use of digital finance; the degree of digital financial
inclusion describes the convenience, low cost and creditability
of digital financial services. The higher the convenience, lower
the cost and higher the creditability, the higher the degree
of digital financial inclusion. Digital payment, insurance, and
credit refer respectively to the number of payments made by
digital means per capita, the number of insured users per 10,000
Alipay users and the number of users of Internet consumer loans
and small and micro business loans per 10,000 Alipay adult
users.Therefore, the evaluation index system of digital financial
agglomeration level is constructed, as shown in Table 1.

Based on Huggins and Thompson (16) coeflicient
of variation method, this paper confers weights to the
of digital
agglomeration level, the formulas are as follows:

comprehensive evaluation indicators finance
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L Vi = — (1)

wi=—
Xi

> cvi

i=1

wi, cvj, Ui, and X;, respectively denote indicator weights,
coefficients of variation, standard deviations, and means.
Scholar Ma et al. (17) provided a reference to measure the
digital financial agglomeration level of each province with the
comprehensive weighting method, and the formula is as follow,
where In X is the digital financial index taken as the logarithm.

DDF = " wj x (InX;) )
i=1

According to the calculation results of indicator weights
shown in Table 1, the lowest is the indicator weight of digital
extent of inclusive finance, which is 0.077, and the weights of
the remaining indicators are >0.150. The indicator weight of
digital insurance is twice the weight of the digital inclusive
finance digitization index, which is 0.154, indicating that it is less
important in the scale of digital finance, and digital insurance
index is more important. Digital finance coverage breadth
and depth indicators are only second in importance to digital
payment and digital credit, with digital credit indicator having
the highest weight of 0.223, indicating that digital penetration is
the most important for the development of credit business in the
process of digital financial agglomeration.

3.2. Index system of economic resilience

Economic resilience refers to the ability of the economy to
resist and recover from external shocks. Economies need to have
four capabilities when facing strong shocks, which are the ability
to bear losses, to react, to restore stability and to transform
the development path. Therefore, four primary indicators of
absorption, resistance, recovery and transformation are set as
follows, and 13 secondary indicators are selected to build the
evaluation system of economic resilience indicators.They are
shown in Table 2.

Considering that the most basic material security and
education security are essential when an economy is at risk,
thus food production per capita, social security spending per
capita, and education expenditure per capita are selected for the
indicators of absorption capacity. For resistance, indicators are
selected from social, financial, trade, and industrial perspectives.
High unemployment rate indicates the weakness of the
economy, insurance premium income growth rate represents
the resilience of the financial sector, external dependence is the
dependence of the economy on foreign trade, and tertiary sector
growth rate measures the resilience of the service sector to risks.
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In terms of recovery, disposable income per capita represents
consumption capacity, which can rapidly drive economic
growth and promote economic recovery in a short period of
time; a high fiscal self-sufficiency rate indicates that government
can better balance fiscal revenue and expenditure, which also
plays a role in economic recovery; a high urbanization rate
indicates that the urban population is increasing and the
economy has a strong ability to recover. Lastly, the higher the
energy consumption per capita, the higher the demand and
dependence on energy, and the more difficult the transformation
of the economy, while the full-time equivalent of R&D personnel
and the sales revenue of new products in high-tech enterprises
reflect the strength of the high-tech field, which plays an
important role in enhancing the transformation ability of the
economic system.

With the evaluation provinces in the year [ are m and the
evaluation indicators are n, the original sample is assumed to
beX = (xij)mxn
j indicators, where i = {1,2,..,m}, j = {1,2,..,n}, Egs 3,

> Xij is the value of the i provinces under the

4 are treated for indicators with different directions of action.
Equation 5 calculates the weight of different provinces in the
evaluation index. Equation 6 calculates the entropy value of
the index and Eq. 7 calculates the weights of the indicators.
In Eq. 8, where oj is the weight of each indicator and aj; is
the corresponding value of the indicator after the positive and
negative directional processing.

o Xjj — minx;
Positive: ajj = —————— (3)
max xj — min x;
) max x;j — Xxjj
Negative : gjj = ———————— (4)
max xj — min x;
aji
Py =5 )
> aij
i=1
1 m
=" ; pijnpij (6)
1— ¢;
o= G — @
(1—¢)
j=1
n
ROE =) 0j x ajj (8)
j=1

Therefore, the economic resilience is calculated and the
results are shown with the form of Figure 1. And at the same
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TABLE 2 Index system of economic resilience.

Description Direction = Weights
Absorption Food production per capita Food production/total population Kg + 0.080
Social security spending per capita Basic medical insurance fund Yuan + 0.157
expenditure/total population
Education expenditure per capita Education expenditure/total population Yuan + 0.103
Resistance Unemployment rate Urban registered unemployment rate % - 0.052
Insurance premium income Growth rate % + 0.048
growth rate
External dependence Total imports and exports/GDP % - 0.019
Tertiary industry growth rate Tertiary industry growth rate % + 0.035
Recovery Disposable income per capita Disposable income per capita Yuan + 0.115
Fiscal self-sufficiency rate Fiscal budget revenue/fiscal budget % + 0.037
expenditure
Urbanization rate Urban population/total population % + 0.027
Transformation Energy consumption per capita Energy consumption/total population Standard coal/person - 0.021
R&D personnel full time equivalent R&D personnel full time equivalent Person year + 0.170
Sales revenue of new products in Sales revenue of new products in Yuan + 0.172
high-tech enterprises high-tech enterprises

Data source: China Statistical Yearbook, China Energy Statistical Yearbook, China Environmental Statistical Yearbook, High Technology Statistical Yearbook.

time, 30 provinces are divided into six parts. We can clearly see
that the economic resilience of six provinces in Central China
and Northeast China in 2012-2020 is generally between 0.2—
0.3, and the western regions are more overlapping, indicating
that the economic resilience of similar regions is closer, but the
economic resilience of Shanxi (SX) Province in 2014 increased
from the 0.1-0.2 range to 0.3-0.4, and after 2014 it returned to
0.1-0.2 range, indicating that the economy of Shanxi Province
was more resistant to risks in 2014, and in general, it still
tends to be stable. The economic resilience of Beijing (B]),
Jiangsu (JS), Shanghai (SH), Zhejiang (Z]) and Guangdong (GD)
is higher, which is in the 0.5-0.6 range, indicating that these
regions are strong in economic absorption, resistance, recovery
and transformation. While the economic resilience of other
provinces is mostly in the 0.2-0.3, 0.3-0.4 range, with a few
provinces in the 0.2-0.3, 0.3-0.4 range. The economic resilience
of other provinces is mostly in the range of 0.2-0.3, 0.3-0.4, and
a few are lower, such as Guizhou (GZ) and Yunnan (YN), in the
range of 0.1-0.2, and the overall trend is also relatively stable.

3.3. Statistic

Table 3 provides a statistical description of the main
variables. Since this paper studies the spillover effect of digital
financial agglomeration on economic resilience, economic
resilience (ROE) is the explanatory variable and digital financial
agglomeration (DDF) is the core explanatory variable. Based
on research hypothesis H1, the mediating variable is selected
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as consumption scale (CS), expressed as total retail sales of
consumer goods per capita, and the interaction term is digital
financial agglomeration x consumption scale (DDF x CS).
In addition, to prevent significant errors in the measurement
results, public infrastructure (INF), industrial scale (IND),
and environmental governance (ENV) are therefore selected
as the control variables. The control variables are selected
to ensure that these additional other factors do not cause
significant errors for the study of the spillover effects of
digital financial agglomeration on economic resilience. Public
infrastructure includes various categories, referring to Jiang
scholar (18), the number of highways, communication cables,
and airport stations are selected to represent the level of public
infrastructure; Industrial scale is represented by the ratio of the
number of industrial enterprises above the scale to the number
of all types of enterprises, and environmental governance is
selected as the amount of domestic waste removal, the higher
the amount of domestic waste removal, the more importance
the region attaches to the environment The higher the amount
of domestic waste removal, the higher the importance of the
environment (19).

4. Method

4.1. Spatial correlation test
Moran index is used to describe the average degree of

correlation and its significance among all spatial units of the
whole study area quotient. Thirty provinces are used as a
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FIGURE 1

Economic resilience trend map.

TABLE 3 Statistical description of variables.

Decription Variables Code Obs Max Min Mean SD
Explained variables Economic resilience ROE 300 0.630 0.113 0.262 0.127
Core explanatory variables Digital finance agglomeration DDF 300 5.158 0.169 2.328 0.120
Intermediate variables Consumption scale Ccs 300 6.266 0.496 2.264 2.095
Interaction items Digital finance agglomeration x Consumption scale DDF x CS 300 33.030 0.117 5.796 5.286
Control variables Public infrastructure INF 300 2.158 0.431 0.873 0.032
Industrial scale IND 300 0.147 0.002 0.032 0.035
Environmental governance ENV 300 0.462 0.055 0.153 0.068
sample to examine whether there is spatial self-relation of by low-efficiency, it indicates the existence of positive self-
the variables. If the high-efficiency areas are surrounded by relation. This spatial self-relation test was conducted by
high-efficiency, and the low-efficiency areas are surrounded Matlab2021.B software to examine the explanatory variable,
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TABLE 4 Global Moran Index of economic resilience.

Time Moran’s | Z-value p-Value***
2011 0.288 2.983 0.001
2012 0.261 2.737 0.003
2013 0.268 2.800 0.003
2014 0.200 2.158 0.005
2015 0.317 3.278 0.001
2016 0.258 2.731 0.003
2017 0.287 3.013 0.001
2018 0.235 2.529 0.006
2019 0.254 2.706 0.003
2020 0.353 3.625 0.000

**Represents 1% significance level.

economic resilience. The calculation results are shown in
Table 4.

The p-values in Table 4 are significant at the 1% level and
pass the test, and the Moran index of economic resilience are
positive in the range of 0.200-0.353, indicating that there is a
positive spatial correlation between the economic resilience of 30
provinces (except Hainan Province) in China during 2011-2020.
From the trend of index change, it is obvious that the trend is
unstable before 2018, and the spatial correlation of economic
resilience has increased in the past 3 years. And from the
Moran scatter plot (Figure 2), it can be seen that Beijing, Tianjin,
Shanghai, Jiangsu, Zhejiang, and Shandong fall in the high-
high aggregation range, indicating that the economic resilience
of these provinces themselves and the surrounding areas are
high, while Heilongjiang, Jilin, Inner Mongolia, Chongqing, and
Yunnan fall in the low-low aggregation range, indicating that
the observed values of economic resilience of these provinces
and the surrounding areas are low, and Guangdong falls in
the high-low aggregation range, indicating that the economic
resilience of Guangdong province is higher compared to the
surrounding areas, while Anhui and Guangxi fall in the low-
high aggregation range, which indicates that the economic
resilience of the surrounding areas in these regions is observed
to be higher.

4.2. Spatial Durbin model

The results of the Moran index test for economic resilience
in 30 provinces indicate the existence of spatial positive
correlation of the explanatory variables, so it is necessary
to construct a spatial panel model. Firstly, consider the
construction of a general panel model as a reference, with all
variables added individually, denoted as model 1. On the basis of
model 1, the interaction term of digital financial agglomeration
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and consumption scale is added, which is denoted as model 2;

On the basis of model 1, a spatial panel model is constructed,

which is denoted as model 3; On the basis of model 3,

the interaction term of digital financial agglomeration and

consumption scale is added, which is denoted as model 4.
Model 1:

ROEj; = ap + a1.DDFjj + a3.CSjj

+ a3.INFjj + a4.INDjj + a5.ENVjj + %j;  (9)

The explanatory variable is economic resilience (ROE),
the core explanatory variable is digital financial agglomeration
(DDF), the moderating variable is consumption size (CS), and
the control variables are public infrastructure (INF), industrial
size (IND), and environmental governance (ENV). i denotes
province, j denotes year, «g is the constant term, the rest are the
coefficients of each variable, and 79,-1- is the error term.

Model 2:

ROEjj = ag + a1.DDFjj + 3.CSjj + a3.INFjj + o4.INDj;
+ a5.ENVjj + a6.(DDFjj x CSjj) + 03 (10)

Based on the ordinary panel model construction, the
interaction term of digital financial agglomeration and
consumption scale (DDF x CS) is added to explore how
the interaction between digital financial agglomeration and
consumption scale affects economic resilience.

Model 3:

ROEj; = Bo + B1.DDFjj + B2.CSij + B3.INFij + B4.INDj;
+ B5.ENVjj + B6.W.DDFj + f7.W.CS;j + 3. W.INF;

+ B9.W.INDjj + B10.W.ENVij + Tjj (11)
Based on the ordinary panel model construction, a spatial
panel model without the interaction terms of digital financial
agglomeration and consumption size is constructed. By is the
constant term, the rest are the coefficients of each variable, W
is the spatial weight matrix, and 7j; is the residual term.
Model 4:

ROEj; = Po + B1DDFjj + B2 CSij + B3INFij + B4INDj;
+B5ENVij + B6(DDFjj x CSjj) + p7 W.DDEFjj + BgW.CSjj
+B9W.INFyj + B1oW.IND;j + B11 W.ENV;

+B12W.(DDEjj x CSjj) + tj
(12)

Based on model 3, the interaction term of digital financial
agglomeration and consumption size (DDF x CS) is added as
a way to explore how the interaction between digital financial
agglomeration and consumption size affects economic resilience
in the spatial model.
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FIGURE 2
Moran scatter plot.

5. Results analysis

5.1. Analysis of regression results

With the help of SPSSPRO software, the results are
shown in Table 5, where the interaction term between digital
financial agglomeration and consumption scale does not exist in
Model 1. The effect of public infrastructure and environmental
governance on economic resilience is also positive, but not
significant enough compared to digital financial agglomeration,
consumption scale and industrial scale, especially public
infrastructure, which has the least significant effect on economic
resilience, with a regression coefficient of 0.026, passing the test
at the 5% level.

The most significant effect of digital financial agglomeration
on economic resilience can be seen in model 2, which passes the
test at the 1% level; the regression coefficient of the interaction
term between the two is 0.038, which passes the test at the
5% level and is significantly positive, indicating that digital
financial agglomeration can have a positive effect on economic
resilience by expanding the scale of consumption, confirming
hypothesis H1.

With the help of Statal5.0, this paper leads to a result
that the Hausman test on the panel data yields a p-value of
0.002, rejecting the original hypothesis of random effects and
determining the choice of fixed effects for the model. The
LM test reveals that the p-value is significant at the 1% level,
indicating that both spatial error effects and spatial lag effects
exist, and either the spatial error model (SEM), spatial lag model
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TABLE 5 Ordinary panel regression results.

Variables Model 1 Model 2
DDF 0.260%"* 0.278%"*
(8.722) (5.765)
(o 0.261%* 0.239%"*
(5.908) (3.802)
INF 0.026™* 0.023**
(0.978) (0.857)
IND 0.069*** 0.061*"*
(23.421) (23.343)
ENV 0.047+* 0.046%"*
(12.444) (12.154)
DDExCS 0.038**
(0.477)
Sample size 300 300
R? 0.826 0.823
F-value 288.828*** 240.116**

sk Aok

,and * refer to 1, 5, and 10% significance levels, respectively, and t-values are in ().

(SLM) or spatial Durbin model (SDM) can be selected. The p-
value in the LR test is also significant at the 1% level, indicating
that the SDM model cannot be degraded to SLM or SEM model,
so this paper selects the Spatial Durbin model (SDM) is chosen
for the empirical analysis.

Table 6 shows the SDM regression results for models 3 and
4. It can be seen that the regression coeflicient of the interaction
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TABLE 6 Spatial Durbin model regression results.

Variables

10.3389/fams.2022.1085563

DDF 0.130*** 0.161*** 0.236™** 0.207"**
(0.40) (0.06) (0.23) (0.03)

CS 0.009*** 0.009*** 0.006*** 0.0027**
(0.00) (0.10) (0.10) (0.80)

INF 0.048 0.101 0.035 0.049
(0.37) (0.38) (0.51) (0.68)

IND 0.111%+* 0.177 0.022*** 0.038
(0.00) (0.76) (0.00) (0.95)

ENV 0.058 —0.126 0.045 —0.119
(0.52) (0.53) (0.62) (0.55)

DDFxCS 0.021*** 0.033***

(0.12) (0.22)

Observations 300 300

R-squared 0.513 0.529

Number of code 30 30

%, and * refer to 1, 5, and 10% significance levels, respectively, and t-values are in ().

term between digital financial agglomeration and consumption
size in model 4 is significantly positive at the 1% level, indicating
that digital financial agglomeration can have a positive effect on
economic resilience by means of expanding consumption size,
confirming hypothesis H1 again.

The direct, indirect, and total effects of each variable on
economic resilience cannot be specifically known by observing
only the spatial term regression coeflicients of the Spatial Durbin
model, so decomposition is performed. Before decomposing
the spillover effects, the type of fixed-effects model needs
to be determined, and the panel data are tested for time,
individual, and double fixed-effects models, and the R? value
is the largest for the double fixed-effects model, so the double
fixed-effects model is chosen. On the basis of the double fixed-
effects model, the spillover effects are decomposed, including
direct effect (Direct), indirect effect (Indirect) and total
effect (Total).

In Table 7, we can see the direct effect coefficient of
digital financial agglomeration is 0.123 and the indirect
effect coefficient is 0.164 from model 3, which are significant
at 1% level of significance, indicating that digital financial
agglomeration can enhance the economic resilience of
neighboring regions, confirming hypothesis H2; the indirect
effect coefficient of consumption scale is 0.007, which is
not significant enough, and the indirect effect coefficient
of environmental governance is —0.129, which is not
significant, thus indicating that the effect of consumption
scale and environmental governance in this region on the
enhancement of economic resilience of neighboring regions is
not significant enough.
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The direct effect coeflicient of digital financial agglomeration
is 0.217 and the indirect effect coefficient is 0.196 in model
4, both of which are significantly positive at 1% significance
level; there is also a positive effect of consumption scale
on the improvement of economic resilience; the direct
effect coefficient of the interaction term between digital
financial agglomeration and economic resilience is 0.022,
that means digital financial agglomeration promotes the
improvement of economic resilience through stimulating
consumption scale. The indirect effect coefficient of both is
0.031, which is significant at 1% significance level, indicating
that digital financial agglomeration, after stimulating the scale
of consumption, can also lead to the improvement of economic
resilience in the neighborhood; Among the three control
variables, the indirect effect coefficients of public infrastructure,
industrial scale, and environmental governance are 0.064, 0.034,
and —0.133, indicating that in model 4, the control variables
are not significant in enhancing the economic resilience of
neighboring regions.

5.2. Robustness tests

In order to ensure the basic conclusion that digital
financial agglomeration has a positive effect on economic
resilience, robustness tests are conducted. The significance of the
robustness test is to ensure that the conclusions drawn in the
article do not change dramatically depending on the change in
the data used now, such as when others use a similar piece of
data, or when the sample size of the data in this paper differs,
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TABLE 7 Decomposition of spatial spillover effects.

10.3389/fams.2022.1085563

Variables
Model 3 Model 4
Direct Indirect Direct Indirect
DDF 0.123** 0.164%* 0.287% 0.217"* 0.196"* 0.413%*
(0.45) (0.06) (0.84) (0.27) (0.07) (0.94)
cs 0.019* 0.007 0.026 0.006"* 0.001** 0.007
(0.00) (0.16) (1.00) (0.10) (0.87) (0.64)
INF 0.039*** 0.102% 0.141 0.028 0.064 0.092
(0.45) (0.40) (0.66) (0.60) (0.63) (0.82)
IND 0.012%* 0.049 0.0617* 0.023%* 0.034 0.057%*
(0.00) (0.39) (0.00) (0.00) (0.56) (0.00)
ENV 0.055 —0.129 —0.074 0.042 —0.133 —0.091
(0.52) (0.54) (0.74) (0.64) (0.54) (0.69)
DDFxCS 0.0227* 0.031%* 0.053%*
(0.12) (0.28) (0.72)

e, and * refer to 1, 5, and 10% significance levels, respectively, and t-values are in ().

the conclusions still hold, which ensures the reliability of the
conclusions (20). Since 2011-2016 (noted in the foreword) was a
high rate of digital financial development, while it slowed down
after 2016, thus, this paper test data 2016-2020 separately from
the overall sample of 2011-2020 concerning the impact of digital
financial agglomeration on economic resilience. Compare with
the test for the overall sample from 2011 to 2020, if the effect of
digital financial agglomeration on economic resilience remains
significant after reducing the sample data to 2016-2020, it passes
the robustness test.

The results are shown in Table 8. Obviously we can see
that DDF and CS variables are significant under the level of 1
and 5%. And the interactive item DDF x CS is still significant
under the level of 1%. Major variables all pass the robustness
tests whether based on sample data from the 2011-2020
or 2016-2020.

6. Discussion

This paper uses panel data of 30 provinces (except
Hainan Province) from 2011 to 2020, introduces digital
financial agglomeration, measures the economic resilience of
each province and conducts spatial correlation tests, makes
research hypotheses based on the theory of diffusion effect
of digital financial agglomeration, and constructs an SDM
model to empirically analyze the spillover effect of digital
financial agglomeration on economic resilience. The main
conclusions are as follows: (1) Digital financial agglomeration
can have a positive effect on the improvement of economic
resilience by expanding the scale of consumption. (2) Digital
financial agglomeration has a direct effect on the economic
resilience of the region and an indirect spillover effect
on the economic resilience of neighboring regions. (3)
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The effects of the main explanatory variables on economic
resilience pass the robustness test, and the positive effects
of digital financial agglomeration, consumption scale and
the interaction term of the two on economic resilience
are significant.

To further leverage the positive effects of digital financial
agglomeration on the economic resilience of the region and
neighboring regions, suggestions are made as follows.

Firstly, the digital financial agglomeration can play an
economic effect or a spillover effect, so it is recommended to
increase the support for the financial industry, improve the
construction of financial infrastructure, optimize the financial
ecological environment, and provide guarantees for giving full
play to the financial function.

Secondly, digital financial agglomeration can have a
positive effect on economic resilience by stimulating residents’
consumption. Therefore, it is recommended to focus on
residents’ consumption power, implement various policy
measures such as fiscal and taxation to encourage consumption,
and guarantee residents’ consumption demand, so as to
boost digital financial agglomeration to promote the economic
resilience of the region and neighboring regions.

Thirdly, regarding the distribution of regional digital
financial resources, it is recommended that efforts be made to
eliminate the unevenness of financial resources and promote
the coordinated development of regional economies. Formulate
differentiated financial development policies according to local
conditions. For cities with a low level of digital financial
concentration, set preferential policies to attract banks and
insurance institutions from outside the region to set up
institutions in the region, promote the construction of local
financial institutions, enhance the supply capacity of commercial
banks in the region by optimizing and adjusting the credit
structure, further relax the management of asset-liability
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TABLE 8 Robustness tests.

Variables
2011-2020 2016-2020
DDF 0.156** 0.167**
(0.08) (0.73)
cs 0.017* 0.063**
(0.21) (0.42)
DDFxCS 0.002%* 0.011%*
(0.16) (0.88)
INF 0.024** 0.131%
(0.82) (0.36)
IND 0.267* 0.234**
(0.56) (0.57)
ENV —0.049 0.008
(0.41) (0.79)

Hhok ok

,and * refer to 1, 5, and 10% significance levels, respectively, and t-values are in ().

ratio, appropriately increase the intensity of credit issuance,
and improve the financial investment in the region. For
cities with a high level of digital financial agglomeration,
they should strengthen the cooperative relationship with
neighboring cities, accelerate the flow of financial resources
between different cities, make full use of the spatial and
temporal radiation effect of financial industry clustering, and
pull the development of the financial industry market in
neighboring cities.
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