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Abstract: Although extant literature has extensively discussed the poverty reduction effect of digital
financial inclusion, few papers have explored the association from a spatial perspective. Based on the
Peking University Digital Financial Inclusive Index, this study empirically tests the impact of digital
financial inclusion on the urban—rural income gap in China. To perform the analysis, this paper
employs the spatial Durbin model (SDM) with double fixed effects and a mediating effect model. We
find that (1) there is a significant positive spatial correlation between digital financial inclusion and
the urban-rural income gap, and both variables have certain spatial agglomeration characteristics;
(2) digital financial inclusion has a significant promotion effect and a positive spatial spillover effect
on reducing the urban-rural income gap; and (3) the test of the spatial influence mechanism shows
that the above effect is achieved by promoting industrial structure upgrading. This paper combines
the above results to propose corresponding policy recommendations, which are valuable for other
developing countries and emerging economies with similar backgrounds to China.

Keywords: digital financial inclusion; urban—rural income gap; spatial Durbin model; mediating
effect; industrial structure upgrading

1. Introduction

Based on the Global Wealth Report 2021 from Credit Suisse, the richest 10% of the
world’s population held 82% of the world’s wealth, while the bottom 50% held less than
1% in 2020. This shows that wealth inequality is still widespread worldwide. For China,
rapid economic growth has achieved poverty reduction at an unprecedented speed and
scale [1], but the income gap persists. According to the National Bureau of Statistics,
China’s Gini coefficient, a more broad-based measure of wealth inequality, rose from 0.465
in 2019 to 0.468 in 2020, which is higher than the internationally recognized 0.4 “warning
line”. Researchers widely believe that the income gap in China is largely reflected in the
urban-rural income gap. For example, Chen et al. [2] argued that the Gini coefficient for
urban and rural areas contributes 61.6% to the national coefficient. Wan [3] confirmed that
the urban—rural income gap contributes 70-80% of the total and an increasing proportion
to the overall regional inequality. Statistics show that China’s urban per capita disposable
income was CNY 43,833.8 in 2020, much larger than the rural per capita disposable income
of CNY 17,131.5, and the urban-rural income gap increased from CNY 13,190.4 to CNY
26,702.3 in the past decade. Although absolute poverty has been completely eliminated,
the problem of the urban—rural income gap is very serious.

There are many factors that lead to the urban—rural income gap, such as urbanization
level [4,5], air quality [6], and infrastructure conditions [7]. In this paper, we examine
whether digital financial inclusion is also a major factor in determining the urban-rural
income gap, which has not been evaluated by prior literature. From the perspective of the
financial system, rural residents remain excluded from the traditional banking sector due to
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high transaction costs, high entry thresholds, and information asymmetry, which can hinder
rural economic development and increase income [8]. The concept of “financial inclusion”
was formally put forward in 2005 at the conference of the International Year of Micro-
credit. Its commercial sustainability and equal opportunity principles have made great
contributions to many developing countries in solving the problem of financial resource
allocation imbalances [9,10]. However, due to the large area and scattered population in
China, it is still difficult for financial inclusion institutions to reach target customers, such
as remote poor people and small businesses [11]. In recent years, the development of the
Internet and digital technology has provided a new way to solve the above difficulties.
The 2016 G20 Global Partnership for Inclusive Finance (GPFI) defined the concept of dig-
ital financial inclusion as “all actions to promote financial inclusion through the use of
digital financial services”, making up for the time cost and geographic spatial limitations
of traditional financial institutions in the process of promoting inclusive finance. Digital
financial inclusion can meet the needs of 80% of customers who are underserved, according
to the Pareto principle, better than traditional finance can. Through the integration of
information technology and big data, rural residents can use computers, mobile phones,
and other devices to obtain financial services. Digital financial inclusion provides financial
funds, such as productive loans, student loans, and agricultural insurance, for the poor to
meet their financial needs in production, life, and operation [12,13]. However, it should be
recognized that there are certain conditions for the use of digital financial inclusion services,
such as the need for residents to have and be able to use digital tools such as smartphones
and computers. In fact, there is a huge gap between urban and rural areas in China in terms
of digital tools, education level, and digital infrastructure construction. Therefore, whether
digital financial inclusion will reduce the urban-rural income gap depends on which group
of urban and rural residents benefits more from digital financial inclusion. In addition,
from the perspective of space, technological innovation has externalities [14]. The appli-
cation of digital technology to financial inclusion in the region has a demonstration effect
and promotes the development of digital financial inclusion in other related regions [15].
If the spatial correlation between digital financial inclusion and the urban-rural income
gap can be confirmed, the spatial characteristics can be used to improve the efficiency
of limited financial resources, promote the synergistic development of digital financial
inclusion among regions, and give full play to the driving effect of developed regions on
the backward and marginal regions through the spatial spillover effect, thus eliminating
relative poverty.

Using panel data of 31 provinces (autonomous regions and municipalities) in China
from 2011 to 2019, this paper first applies the double fixed effects spatial Durbin model to
discuss the effect of digital financial inclusion on the urban-rural income gap, and then
employs the mediating effect model to study the transmission mechanism of industrial
structure. Digital financial inclusion is measured by the Peking University Digital Financial
Inclusion Development Index from the Digital Finance Center of Peking University, and
the urban—rural income gap is measured by the ratio of the per capita disposable income of
urban residents and rural residents. In addition, three different types of control variables
are selected, and three different types of robustness checks and the endogeneity test are
performed to ensure that the findings are plausible. The results show that first, there is a
significant positive spatial correlation between digital financial inclusion and the urban-
rural income gap, and both have certain spatial agglomeration characteristics; Second,
digital financial inclusion has a significant promotion effect and a positive spatial spillover
effect on reducing the urban-rural income gap; Third, the test of the spatial transmission
mechanism shows that digital financial inclusion indirectly narrows the urban-rural income
gap by affecting the regional industrial structure.

The significant contributions are as follows. First, this paper discusses the relation-
ship between digital financial inclusion and the urban—rural income gap as well as the
transmission mechanism and effects through theoretical analysis and empirical research.
These findings provide novel evidence to enrich the relevant literature [16,17]. Second,
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from the methodology perspective, this paper empirically tests the spatial spillover effect
of digital financial inclusion on the urban—rural income gap using the spatial Durbin model.
Specifically, the spatial Durbin model combines the spatial error model and the spatial
autoregressive model to obtain an unbiased estimate. This paper also adds regional-fixed
and time-fixed effects to the model to increase the accuracy of the results. Third, this paper
focuses on China, a typical developing country and emerging economy, to serve as an
inspiration for countries with similar institutional backgrounds and economic development.

The rest of this paper is organized as follows: the second part is the literature review
and theoretical analysis, and three research hypotheses are proposed; the third part intro-
duces the research method, including variables and data, spatial correlation test, and model
formulation; the fourth part reports the empirical results and discussion, including the
main findings, robustness and endogeneity checks, and the test of spatial influence mech-
anism; and the fifth part concludes the research, comments on the results, and proposes
policy suggestions.

2. Literature Review and Theoretical Analysis
2.1. Digital Financial Inclusion and Urban—Rural Income Gap

There is serious financial exclusion in rural areas of China, which is considered to
be one of the important reasons why financial development has not narrowed the urban-
rural income gap [18-20]. In the process of industrialization and urbanization in China,
agricultural production provides significant resources for industrial development. The
concentration of social capital in cities restricts the development of rural areas. At the same
time, the strict household registration system hinders population mobility between urban
and rural areas, which in turn forms an urban-rural dual economic structure, and further
gives rise to a dual financial structure [21,22]. Traditional financial institutions allocate
limited financial resources to the urban non-agricultural sector, or even close rural networks
to reduce operating costs and maximize profits. However, farmers and modern agricultural
operators have a strong demand for financing [23]. Rural land resources reallocation,
agricultural industrialization operation, and rural environmental management are facing
a large credit gap. Therefore, there is an urgent need to explore a new model for rural
financial services [24].

The main feature of digital financial inclusion is that it replaces traditional payment
with mobile payment, traditional deposit and loan with P2P credit, and traditional securities
business with crowdfunding financing, which helps alleviate financial exclusion in rural
areas [25-29]. First of all, digital financial inclusion can accurately identify and match
scattered and small-scale customers through digital technologies, such as the Internet,
artificial intelligence, and big data analysis. It helps to reduce transaction costs in human
services, physical networks, etc., thereby promoting rural financial market development
and mitigating financial exclusion [30,31]. Secondly, the service coverage and customer
groups of digital financial inclusion are more extensive, which provides the possibility
for rural residents and families to obtain financial resources. Even in remote rural areas
that lack bank networks and ATMs, rural residents can access online financial resources
through computers, cell phones, and other communication tools [32-34]. The development
of Internet technology has reduced the marginal cost of access to financial resources in the
long-tail market, greatly alleviating financial exclusion [35]. In addition, digital financial
inclusion has changed the financial supply system in the rural financial market, which is
mainly dominated by policy-based and commercial finance. This has brought competitive
pressure on traditional financial institutions, prompting them to continuously develop
new products and services suitable for rural financial needs in order to gain competitive
advantages. It has, to a certain extent, promoted the diversification and personalization
of rural financial services, and better matched rural financial supply with demand [36,37].
Accordingly, we propose Hypothesis 1.

Hypothesis 1. Digital financial inclusion can narrow the urban—rural income gap.
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2.2. The Spatial Spillover Effect of Digital Financial Inclusion on Urban—Rural Income Gap

From a spatial perspective, as factors of production such as capital, resources, and
technology can flow across regions, similar regions exhibit similar characteristics in terms
of economic activities [38,39]. Therefore, digital financial inclusion and the urban-rural
income gap may be spatially correlated between regions. Firstly, with the improvement
of digital technology and the popularization of the Internet, the spatial connection of
digital finance in various regions has become closer [40]. Developed regions can easily
drive the financial activities of other provinces through spatial spillover [41]. Secondly, the
financial intermediation function can effectively promote the upgrading and adjustment of
industrial structure in the neighboring regions, which will lead to regional economic re-
structuring and financial scale development, thus improving resource allocation efficiency
and generating spatial spillover effect [42,43]. Furthermore, digital financial inclusion
promotes personal consumption and enterprise investment by expanding the coverage
of financial services, which in turn drives economic growth [44—46]. This growth fur-
ther generates spatial spillover through production factor flows and trade cooperation,
which further boosts economic development in related regions [47,48]. Moreover, although
there are still restrictions on the mobility of rural residents under China’s household reg-
istration system, the phenomenon of large-scale population mobility between regions is
undeniable [49]. On the one hand, the floating population participates in the economic
construction of the inflowing regions and contributes directly to the economic growth of
the neighboring regions [50]. On the other hand, the floating population achieves financial
knowledge spillover through the interactive exchange of cognition and experience with
the population in the inflowing regions [51,52]. The above process indirectly improves the
financial literacy of rural residents in neighboring areas, enabling them to better partic-
ipate in financial services, increase their income, and improve the efficiency of financial
poverty alleviation.

Without considering the spatial spillover effect mentioned above, the impact of digital
financial inclusion on the urban—rural income gap may be underestimated. Therefore, this
paper proposes a second hypothesis.

Hypothesis 2. Digital financial inclusion has a significant positive spatial spillover effect on
narrowing the urban—rural income gap.

2.3. Transmission Mechanism: The Mediating Role of Industrial Structure Upgrading

Digital financial inclusion can promote industrial structure upgrading through mul-
tiple channels to narrow the urban-rural income gap. First, this paper considers capital
formation and production factor input allocation. With the continuous development of the
financial system, financial thresholds are reduced [53]. An increasing number of residents,
especially in rural areas, have easy access to services from financial institutions [54]. Digital
financial inclusion helps financial institutions complete the formation and accumulation
of capital, which in turn optimizes the allocation of credit funds among industries [55].
At this point, capital is transferred to the more efficient secondary and tertiary industries,
upgrading the industrial structure [56]. The rapid development of nonagricultural indus-
tries leads to the gradual replacement of labor-intensive industries by technology- and
capital-intensive industries. A large number of surplus rural laborers move to cities, and
their salary levels are thus improved [57]. Second, this paper considers the effect of techno-
logical innovation. Digital financial inclusion can reform and upgrade traditional industry
technology by addressing the financing difficulties of rural small and medium-sized enter-
prises and emerging enterprises [58,59]. Furthermore, upgrading the industrial structure
increases agricultural productivity, thus increasing farmers” income and narrowing the
urban-rural income gap [60-62]. Third, this paper considers the consumer demand effect.
Currently, emerging finance and traditional finance coexist in the financial market, expand-
ing financial service coverage and diversifying the forms of financial products. Digital
financial inclusion can relieve consumers from liquidity constraints through reasonable and
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efficient resource allocation [63]. Moreover, the expansion of consumer demand promotes
the upgrading of the industrial structure and simultaneously narrows the urban-rural
income gap [64—-66].

In addition, financial services, science and technology, labor resources, and other
factors involved in digital financial inclusion and industrial structure continue to flow
across regions. This brings convenience to related regions in terms of production activities,
financial cooperation, and information sharing [67]. This spatial correlation can enable
digital financial inclusion to not only provide financial services to local individuals and
enterprises but also help neighboring less-developed regions compensate for the lack of
financial development and provide financial support for industrial structure transformation
and upgrading [68,69]. Accordingly, this paper proposes the following hypothesis:

Hypothesis 3. Digital financial inclusion affects the urban—rural income gap of the region and
related areas through industrial structure upgrading.

3. Methods
3.1. Variables and Data

1. Explained Variable: Urban-Rural Income Gap (URIG). The income gap is mainly
reflected in uneven development. Among them, the urban-rural income gap is the most
common. Regions with higher economic levels deprive other areas of production factors.
As a result, regions or people who do not have a good material foundation can only rely on
the assistance of the central or local government. The auxiliary effect of national policies
makes their income level only slightly higher than the absolute poverty line, but in fact,
they have almost no ability to withstand risks. With reference to Yang et al. [70], we select
the ratio of the per capita disposable income of urban residents and rural residents to
measure the urban-rural income gap.

2. Core Explanatory Variables: Digital Financial Inclusion (DFI). This paper directly
uses the “Peking University Digital Financial Inclusion Development Index” compiled
by [71] Guo et al. covering 31 provinces (autonomous regions and municipalities) in
mainland China to measure the development level of digital financial inclusion. The
index considers three dimensions and a total of 33 specific indicators. It uses the analytic
hierarchy process, coefficient of variation method, and other methods for measurement
and finally provides a set of data that can basically reflect the current development status
and evolution trend of digital financial inclusion in China. We further regress the three
secondary subindicators of digital finance coverage (breadth), digital finance use depth
(depth), and inclusive digital finance level (level) with the explained variable. Through
analysis and comparison, we summarize the influence direction and extent of each indicator
to ensure the robustness of the benchmark regression. In the empirical analysis, we perform
logarithmic processing on the above data.

3. Other Explanatory Variables (control variables). After comprehensively considering
relevant factors that may affect the urban—rural income gap, we draw on the literature
[72-76] and mainly set three control variables: economic growth, government behavior, and
human capital. The definition of variables is shown in Table 1. Among the characteristic
variables of economic growth, openness (open) to the outside world often promotes local
enterprise development and labor employment. This can drive economic growth in the
region and reduce poverty levels. With the development of urbanization (urban), the
policies related to farmers’ entry into cities have been released, and the labor surplus in
rural areas has been gradually alleviated. The gradual advancement of urban modern-
ization has greatly increased the income of residents and the level of social development.
The improvement in the regional economic level (GDP) improves the living conditions of
residents. In this paper, to eliminate the impact of the difference size of the population in
each province, the variable is measured by the log value of the per capita GDP. Among
the characteristic variables of government behavior, a higher level of government social
assistance (social) means a more sound regional social security and employment policy,
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which can effectively prevent the occurrence of poverty caused by illness in poor groups.
Fiscal freedom (fiscal) mainly measures the financial pressure and self-sufficiency of local
governments under the current fiscal decentralization system. Government intervention
(government) is expressed by fiscal expenditure divided by regional GDP. At present,
whether government intervention has an impeding or boosting effect on narrowing the
urban-rural income gap remains to be empirically tested. Among the human capital char-
acteristic variables, educational attainment (edu) may change a person’s health decisions,
employment choices, and consumer attitudes, which can have an impact on poverty. Age-
ing (ageing) from an economic point of view reflects the social consequences of population
ageing. Unemployment (unemployment) measures idle labor capacity.

Table 1. Definition of variables.

Control Variables Definition
open ratio of actual amount of foreign investment to GDP
urban ratio of urban employed population to total population
GDP log value of per capita GDP
social ratio of social security and employment expenditures to total fiscal
expenditures
fiscal ratio of local government fiscal revenue to total fiscal expenditures
government ratio of fiscal expenditures to GDP
edu ratio of illiterate population to the population aged 15 and over
ageing ratio of elderly population to working population
unemployment ratio of unemployed population to working population

Based on the China Statistical Yearbook published by the National Bureau of Statistics,
the empirical analysis uses panel data from 31 provinces (autonomous regions and munici-
palities) in mainland China from 2011 to 2019. The descriptive statistics of each variable are
shown in Table 2 below:

Table 2. Variable descriptive statistics.

Variables Obs Mean Std. Min Max
Explained Variable URIG 279 2.6556 0.4217 1.8451 3.9792
DFI 279 5.1432 0.6785 2.7862 6.0168
Main Explanatory breadth 279 4.9790 0.8518 0.6729 5.9523
Variables depth 279 5.1265 0.6487 1.9110 6.0866
level 279 5.4581 0.7166 2.0255 6.1361
open 279 0.1117  0.1688 0.0000 1.0084
urban 279 0.5666 0.1314 0.2271 0.8960
GDP 279 1.5837  0.4361 0.4969 2.7986
Other Explanatory social 279 0.1270  0.0325  0.0548  0.2747
Variables fiscal 279 0.4909 0.1997  0.0722 0.9314
(control variables) government 279 0.2827 0.2119 0.1103 1.3792
edu 279 0.0608 0.0620 0.0123 0.4418
ageing 279 0.1383 0.0341 0.0671 0.2382

unemployment 279 0.0324 0.0064 0.0120 0.0450
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3.2. Spatial Correlation Test

Before establishing the model, we must first test whether there is a spatial correlation
between digital financial inclusion and the urban-rural income gap. In spatial econometric
analysis, the global Moran’s I and Geary’s C are commonly used to test spatial correlation.
The former focuses on describing the global spatial autocorrelation, while the latter is more
sensitive to the local spatial autocorrelation. This paper calculates both results of Moran’s
I and Geary’s C, which can more comprehensively investigate the spatial correlation of
variables. The expressions are shown in Equations (1) and (2):

n
Vl);l ) wl']'(x,' — f)(x]‘ —X)
Moran's 1= ——1—_ ; )
Y Y wi ¥ (x—%)(x; — %)
i—1j=1 i1
n
(n— 1),21 ‘ 1wij(xi —x)°
i=1j=
Geary's C=———"—— 5 2
2y Ywi Y (x—X)
i=1j=1 i=1

Among them, 7 is the 31 provinces (autonomous regions and municipalities) included
in the sample. w;; represents the spatial weight matrix. x; and x; represent the digital
financial inclusion and the urban-rural income gap of province i and province j, respectively.
X represents the provincial average of the digital financial inclusion and the urban—rural
income gap in the same year.

For the setting of the spatial weight matrix, we mainly construct the spatial weight
matrix based on the geographical location. The first type is the geographic distance weight
matrix (Wy), which is often used in spatial measurement. Its element expression is:

T i)
wy=1% 7 @)
0 i=j

d;; represents the distance between province i and province j, which are calculated
from the latitude and longitude coordinates of the corresponding provincial capital city.
The second type is the economic distance weight matrix (W), and its element expres-
sion is:
1 . .
L i
Wij = |E17Ef| ! 4)
0 i=j
E; is the average per capita GDP of province 7 from 2011 to 2019.
The third type is the nested weight matrix (W3), and its element expression is:

W3 = tWp + (1 —T)W, (5)

where 0 < T < 1 represents the relative importance of the geographical distance weight
matrix. Referring to the practice of Shao et al. [77], we assume that T = 0.5. In the empirical
process, we standardize the above weight matrix.
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Table 3 reports the results of the spatial correlation test under the three weights. We
can see from the Table that the Moran’s I and Geary’s C of the urban-rural income gap and
digital financial inclusion are both less than 1 and pass the significance level test, indicating
the existence of a significant positive spatial correlation.

Table 3. Spatial correlation test of the urban—rural income gap and digital financial inclusion under

three weights.
URIG DFI
Geographic Distance Economic Distance Nested Weight Geographic Distance Economic Distance Nested Weight
Year Weight Matrix Weight Matrix Matrix Weight Matrix Weight Matrix Matrix
Moran’s Geary'’s Moran’s Geary's Moran’s Geary’s Moran’s Geary’s Moran’s Geary’s Moran’s Geary’s
I C I C I C I C I C I C
2011 0.192 *** 0.775 *** 0.300 *** 0.663 *** 0.246 *** 0.719 *** 0.109 *** 0.838 *** 0.364 *** 0.543 *** 0.237 *** 0.690 ***
2012 0.189 *** 0.782 *** 0.300 *** 0.662 *** 0.245 *** 0.722 *** 0.132 *** 0.835 *** 0.390 *** 0.518 *** 0.261 *** 0.676 ***
2013 0.156 *** 0.820 *** 0.241 *** 0.685 *** 0.199 *** 0.753 *** 0.127 *** 0.841 *** 0.398 *** 0.494 *** 0.263 *** 0.668 ***
2014 0.152 *** 0.826 *** 0.234 *** 0.692 *** 0.193 *** 0.759 *** 0.127 *** 0.847 *** 0.421 *** 0.473 *** 0.274 *** 0.660 ***
2015 0.152 *** 0.821 *** 0.220 *** 0.703 *** 0.186 *** 0.762 *** 0.100 *** 0.881 *** 0.431 *** 0.460 *** 0.266 *** 0.671 ***
2016 0.149 *** 0.824 *** 0.221 *** 0.710 *** 0.180 *** 0.767 *** 0.129 *** 0.854 *** 0.422 *** 0.468 *** 0.275 *** 0.661 ***
2017 0.147 *** 0.829 *** 0.203 *** 0.717 *** 0.175 *** 0.773 *** 0.134 *** 0.845 *** 0.376 *** 0.510 *** 0.255 *** 0.678 ***
2018 0.144 *** 0.830 *** 0.207 *** 0.716 *** 0.176 *** 0.773 *** 0.144 *** 0.837 *** 0.323 *** 0.565 *** 0.234 *** 0.701 ***
2019 0.142 *** 0.832 *** 0.207 *** 0.715 *** 0.175 *** 0.774 *** 0.148 *** 0.832 *** 0.328 *** 0.564 *** 0.238 *** 0.698 ***

Note: *** indicates significance at the level of 1%.

In addition, by comparing the magnitude of Moran’s I, we can see that the urban-
rural income gap under the weight of economic distance has the largest spatial correlation
with the digital financial inclusion index (Geary’s C yields the same conclusion). The
above results illustrate that the spillover caused by economic correlation is more obvious.
Therefore, this paper chooses the economic distance weight matrix (W) to construct the
next spatial measurement model.

The global Moran index reflects the overall correlation, and the local spatial corre-
lation of provinces (autonomous regions and municipalities) needs to be further tested.
Therefore, this paper continues to use the local Moran’s I scatter plot for analysis (as shown
in Figures 1-4). China’s digital financial inclusion and the urban-rural income gap are
mainly distributed in the first and third quadrants, showing obvious H-H clustering and
L-L clustering, with high values closely related to high values and low values closely
related to low values. This means that provinces (autonomous regions and municipalities)
with high development levels of digital financial inclusion also have relatively high devel-
opment levels economically; provinces (autonomous regions and municipalities) with low
development levels of digital financial inclusion have similarly low development levels
in their economically related provinces. In addition, the number of clusters in the third
quadrant is significantly higher than that in the first quadrant, indicating that there are still
a considerable number of regions where the development level of digital financial inclusion
is low. The clustering status of the urban—rural income gap is roughly consistent.
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Figure 1. Scatter plot of the local Moran’s I for digital financial inclusion in 2011. Note: The numbers
in the chart are: 1—Beijing, 2—Tianjin, 3—Hebei, 4—Shanxi, 5—Inner Mongpolia, 6—Liaoning,
7—]Jilin, 8—Heilongjiang, 9—Shanghai, 10—Jiangsu, 11—Zhejiang, 12—Anhui, 13—Fujian,
14—Jiangxi, 15—Shandong, 16—Henan, 17—Hubei, 18—Hunan, 19—Guangdong, 20—Guangxi,
21—Hainan, 22—Chonggqing, 23—Sichuan, 24—Guizhou, 25—Yunnan, 26—Tibet, 27—Shaanxi,
28—Gansu, 29—Qinghai, 30—Ningxia, 31—Xinjiang.

Moran scatterplot (Moran’s I = 0.328)
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Figure 2. Scatter plot of the local Moran’s I for digital financial inclusion in 2019. Note: The numbers
in the chart are: 1—Beijing, 2—Tianjin, 3—Hebei, 4—Shanxi, 5—Inner Mongolia, 6—Liaoning,
7—]Jilin, 8—Heilongjiang, 9—Shanghai, 10—Jiangsu, 11—Zhejiang, 12—Anhui, 13—Fujian,
14—]Jiangxi, 15—Shandong, 16—Henan, 17—Hubei, 18—Hunan, 19—Guangdong, 20—Guangxi,
21—Hainan, 22—Chonggqing, 23—Sichuan, 24—Guizhou, 25—Yunnan, 26—Tibet, 27—Shaanxi,
28—Gansu, 29—Qinghai, 30—Ningxia, 31—Xinjiang.
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Moran scatterplot (Moran’s I = 0.300)
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Figure 3. Scatter plot of the local Moran’s I for urban—rural income gap in 2011. Note: The numbers
in the chart are: 1—Beijing, 2—Tianjin, 3—Hebei, 4—Shanxi, 5—Inner Mongolia, 6—Liaoning,
7—]Jilin, 8—Heilongjiang, 9—Shanghai, 10—Jiangsu, 11—Zhejiang, 12—Anhui, 13—Fujian,
14—]Jiangxi, 15—Shandong, 16—Henan, 17—Hubei, 18—Hunan, 19—Guangdong, 20—Guangxi,
21—Hainan, 22—Chonggqing, 23—Sichuan, 24—Guizhou, 25—Yunnan, 26—Tibet, 27—Shaanxi,
28—Gansu, 29—Qinghai, 30—Ningxia, 31—Xinjiang.
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Figure 4. Scatter plot of the local Moran’s I for urban-rural income gap in 2019.Note: The numbers
in the chart are: 1—Beijing, 2—Tianjin, 3—Hebei, 4—Shanxi, 5—Inner Mongolia, 6—Liaoning,
7—]Jilin, 8—Heilongjiang, 9—Shanghai, 10—Jiangsu, 11—Zhejiang, 12—Anhui, 13—Fujian,
14—TJiangxi, 15—Shandong, 16—Henan, 17—Hubei, 18—Hunan, 19—Guangdong, 20—Guangxi,
21—Hainan, 22—Chonggqing, 23—Sichuan, 24—Guizhou, 25—Yunnan, 26—Tibet, 27—Shaanxi,
28—Gansu, 29—Qinghai, 30—Ningxia, 31—Xinjiang.

3.3. Model Formulation

Spatial measurement models mainly include the spatial Durbin model (SDM), spatial
error model (SEM), and spatial autoregressive model (SAR). Among them, SDM combines
the spatial error model and the spatial autoregressive model to obtain an unbiased estimate.
Thus, it has a higher degree of explanation. This paper refers to the research of Elhorst [78]
to test the applicability of the model, and the results are shown in Table 4.
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Table 4. Applicability test of the spatial econometric model.

Inspection Index Data Significant Value
Moran’s I 0.328 0.043
LM test no spatial error 35.486 0.000
Robust LM test no spatial error 47.147 0.000
LM test no spatial lag 33.179 0.000
Robust LM test no spatial lag 44.839 0.000
Hausman test 18.51 0.070
LR test ind both 43.55 0.000
LR test time both 690.16 0.000
LR test spatial lag 86.88 0.000
LR test spatial error 87.89 0.000
Wald test spatial lag 100.58 0.000
Wald test spatial error 95.27 0.000

First, the Moran’s I test results indicate that the model has spatial correlation. Second,
the LM test results show that both the spatial error model and the spatial autoregressive
model are applicable. Third, under the economic distance weight matrix, the Hausman test
result of SDM supports the fixed effects spatial measurement model. Fourth, the region
and time of SDM and the LR test results regarding double fixed effects all suggest that the
double fixed effects of region and time should be controlled in the SDM with fixed effects.
Fifth, the Wald test and LR test of SDM under double fixed effects are both significant
at the 1% level, so the SDM of double fixed effects cannot be reduced to a spatial error
model or a spatial autoregressive model. Hence, this paper uses the SDM with double
fixed effects to estimate the poverty reduction effect of digital financial inclusion and its
impact mechanism.

The specific econometric model is set as follows:

URIG; = wg + pWoURIG;; + w1 DF L + Wi WaDFI + wo Xt + whWo Xip + mi + At + €54 (6)

URIG;; represents the urban-rural income gap of region 7 in year t. DFI;; represents
the development level of digital financial inclusion of region i in year f. Xj; represents
additional control variables. j; represents the region-fixed effect. A; represents the time-
fixed effect. ¢;; is the error term.

4. Results and Discussion
4.1. Main Findings

The SDM estimation results of the two-way fixed effect are shown in Table 5 below.
Due to the spatial spillover effect, the coefficient of digital financial inclusion can no
longer be separately interpreted as a marginal utility for narrowing the urban-rural income
gap. Therefore, according to the study of LeSage and Pace [79], the estimation results are
decomposed to more accurately explain the direct and indirect effects of digital financial
inclusion on poverty reduction.

According to the empirical results, the coefficients of core explanatory variables are
negative and significant at the 1% level. The elastic coefficient of digital financial inclusion
on the urban-rural income gap is —0.3804, indicating that digital financial inclusion has
a significant positive impact on narrowing the urban-rural income gap. Hypothesis 1 is
verified. The spatial interaction term coefficient of digital financial inclusion is —0.7084,
showing that the development of digital financial inclusion has a significant spatial spillover
effect on poverty alleviation in economically relevant provinces. Based on this finding,
Hypothesis 2 is verified. Comparing the values of coefficients, it is found that the spatial
spillover effect accounts for more than half of the total effect. Ignoring the feature of spatial
overflow would underestimate the contribution of digital financial inclusion to poverty
alleviation. The Pareto principle of traditional finance means that financial institutions
tend to focus the best financial services on the top 20% of customers, while 80% of long-tail
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customers are excluded. In recent years, due to the continuous development of the Internet
and financial system, digital financial inclusion has enabled rural residents, poor people,
and other relatively disadvantaged groups to directly obtain financing funds by lowering
service thresholds and relaxing credit constraints. Furthermore, digital financial inclusion
greatly breaks through the limitations of traditional financial service time and geographic
space. Through the technological innovation spillover effect and interregional economic
spillover effect, it significantly reduces the urban-rural income gap in related areas.

Table 5. SDM estimated results and spatial effects.

SDM Effect Decomposition of SDM
Variables Expla:matory Sp.atlal Direct Effect Indirect Effect Total Effect
Variables Variables
DFI —0.3804 *** —0.7084 *** —0.3055 *** —0.5128 *** —0.8183 ***
(0.0688) (0.1780) (0.0688) (0.1846) (0.1833)
open —0.2358 —0.6551 —0.2528 —0.6889 —0.9418
(0.1959) (0.6381) (0.1938) (0.7370) (0.7885)
urban —2.2467 *** 3.9581 ** —2.1431 *** 3.9223 ** 1.7792 **
(0.6417) (1.8755) (0.6234) (1.9611) (1.9473)
GDP —0.1377 ** —1.6860 *** —0.1219 ** —1.7415 *** —1.8634 ***
(0.1000) (0.3881) (0.0974) (0.4308) (0.4521)
social 0.0661 —4.7409 ** 0.0439 —5.1054 ** —5.0614 **
(0.4959) (1.9777) (0.4937) (2.0851) (2.2755)
fiscal —0.5975 *** 3.1123 *** —0.5646 *** 3.2991 *** 2.7345 ***
(0.2219) (0.7107) (0.2186) (0.8680) (0.9435)
—0.6498 —0.6757 —0.6200 —0.7173 —1.3372
government (0.3611) (1.5235) (0.3718) (1.7802) (1.9123)
edu —0.3511 —2.7359 —0.3899 —3.0954 —3.4853
(0.5528) (2.4204) (0.5413) (2.5582) (2.7252)
. 2.5916 *** 7.0567 *** 2.7037 *** 7.6934 *** 10.3965 ***
agems (0.5219) (2.0157) (0.5260) (2.2720) (2.5744)
unemployment 3.7925* 3.5081 3.8899 * 4.4392 8.3291
(2.1177) (7.5710) (2.1113) (8.2044) (9.1743)
0 0.2613 ***
Log-likelihood 331.4688
Fixed Effect Fixed
Observation 279

Note: *, **, and *** indicate significance at the level of 10%, 5%, and 1%, respectively.

From the results of control variables, the increase in the level of urbanization (urban)
can significantly reduce the urban-rural income gap of the province, but it has the opposite
effect on economically-related provinces. Urbanization leads to a large amount of labor
force employment, which in turn attracts labor migration from other provinces. The above
process contributes to the economic growth of the destination provinces but also increases
the urban-rural income gap in the origin provinces. The GDP results are significant, and
the indirect effect is greater than the direct effect. At present, trade barriers between various
regions in China are gradually being eliminated. The free flow of products and factors
not only develops the economy of the province but also drives the economy of the related
provinces. The continuous expansion of market demand further promotes employment,
thereby reducing poverty. The direct effect of government social assistance is not significant,
but the indirect effect is significantly negative, which indicates that social security and
employment-related fiscal expenditures need to be strengthened to protect poor groups.
The greater the value of fiscal freedom is, the stronger the regional fiscal self-sufficiency.
The results show that provinces with high fiscal freedom can reduce the urban—rural income
gap. However, the spatial effect result takes the opposite direction. The ageing results are
significantly positive. Regardless of whether it is the province or the related provinces, the
continuous increase in the proportion of the elderly population has an adverse impact on
the progress of the country’s economic level, the improvement in the social security system,
and the development of education and culture. The direct effect of the unemployment rate
is significantly positive. Employment issues are directly related to the income level of a
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family. An increase in family income reduces the probability of poverty. In addition, the
results of the variables open, government, and education are not significant.

Furthermore, this paper uses the three secondary subindices of the digital financial
inclusion index as core explanatory variables for regression. The results are shown in Table 6
below. The signs of the coefficients are consistent with the benchmark regression results,
indicating their role in reducing the urban-rural income gap. Specifically, the poverty
reduction effect of the coverage index is the best, followed by the degree of digitization and
depth of use. The fast and convenient payment method, which is not restricted by region,
has a more significant effect on reducing the urban—rural income gap. There are still certain
service thresholds for the depth of use of digital finance and the degree of digitization
of inclusive finance. The lack of universality and the high cost of some financial services
reduce the effectiveness of poverty reduction.

Table 6. Estimated results of the secondary subindicators of the digital financial inclusion index.

Variables Dimension (1) Dimension (2) Dimension (3)
—0.1082 ***
breadth (0.0278)
—0.0837 **
depth (0.0422)
level —0.1028 ***
(0.0347)
—0.2535 ***
]
W*breadth (0.0600)
—0.0455 *
*
Wrdepth (0.1535)
—0.1265 *
E3
W+level (0.0992)
Direct effect —0.1080 *** —0.0849 ** —0.1034 ***
(0.0279) (0.0433) (0.0356)
Indirect effect —0.2619 *** —0.0401 ** —0.1168 *
cctettec (0.0615) (0.1482) (0.0947)
Total effect —0.3700 *** —0.1250 * —0.2203 **
(0.0565) (0.1679) (0.1030)
Control variables Controlled Controlled Controlled
0 0.2451 *** 0.2381 *** 0.3275 ***
Log-likelihood 327.9449 318.9391 321.9079
Fixed effect Fixed Fixed Fixed
Observation 279 279 279

Note: *, **, and *** indicate significance at the level of 10%, 5%, and 1%, respectively.

4.2. Test of Robustness

As shown in Table 7, we considered three conditions for the robustness checks. First,
the econometric models in the empirical test above are all established on the basis of the
economic distance weight matrix (W5). To prevent errors in the estimation results due to the
selection of the matrix, we further constructed an SDM that incorporates the geographical
distance weight matrix (W) and the nested weight matrix (W3). Second, digital financial
inclusion relies on the continuous popularization of the Internet to develop, especially
in rural areas. If the material conditions for connecting to the Internet cannot be met,
the problem of financial exclusion will exist. Therefore, we replace the core explanatory
variables with the proportion of Internet broadband access users to the total number of
households to re-evaluate the development level of regional digital financial inclusion.
Third, this paper further uses the Theil index to measure the urban—rural income gap.
This index is more sensitive to income changes at both ends of the high-income and
low-income groups. Table 7 shows that the results of variables DFI and W*DFI are both
negative, which means that whether the weight matrix, the core explanatory variables or the
explained variable is replaced, the direction and significance of the regression coefficients
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are consistent with the previous results. In view of this, the robustness of the benchmark
regression can be shown, i.e., digital financial inclusion can reduce the urban—rural income
gap, and there are also spatial spillover effects of the above relationship. The above tests
prove that Hypothesis 1 and Hypothesis 2 are valid.

Table 7. Results of robustness checks.

Replace the Weight Matrix

Replace Core Replace
Variables Ge(.)graphic Nested Weight Explaimatory Expl.ained
Distance Matrix Variables Variable
Weight Matrix
DFI —0.1570 ** —0.3097 *** —0.5188 ** —0.0446 ***
(0.0700) (0.0702) (0.5634) (0.0138)
WADFI —0.8535 * —1.0853 *** —0.2179 ** —0.1658 ***
(0.5193) (0.3144) (1.9927) (0.0310)
Co.n trol Controlled Controlled Controlled Controlled
variables
0 0.2443 *** 0.2329 *** 0.4218 *** 0.5258 ***
Log-likelihood 305.5942 327.8636 351.9830 716.9037
Fixed effect Fixed Fixed Fixed Fixed
Observation 279 279 279 279

Note: *, **, and *** indicate significance at the level of 10%, 5%, and 1%, respectively.

4.3. Test of Endogeneity

In this paper, region-fixed effect and time-fixed effect have been added to the spatial
Durbin model, which reduces the impact of omitted variables on the results to a certain
extent. Moreover, the explanatory variables are almost all measured as relative indexes,
so that the possible endogeneity between the absolute indexes is effectively reduced.
Nevertheless, we cannot exclude the endogeneity problem caused by the reverse causality
between variables. In fact, the development of digital financial inclusion helps to narrow
the urban-rural income gap, but it also generates a large demand for digital financial
inclusion in the process of poverty alleviation, which in turn promotes the development of
digital financial inclusion. In view of the above, this paper uses two approaches to address
the endogeneity problem. First, the paper lags all explanatory variables by one period, that
is, to assess how the development of digital financial inclusion in the previous year affects
the urban—rural income gap in the current year. Second, this paper selects the one-period
lagged explained variable as the instrumental variable and applies the dynamic spatial
panel GMM model to regress. This method uses a two-step estimation with the inclusion
of a spatial weight matrix, which can better solve the endogeneity between variables.

Table 8 shows the results of the endogeneity tests. Compared with the SDM estimated
results in Table 5, the coefficients of the variables DFI and W*DFI are significantly negative,
although they have different numerical magnitudes, indicating that the main findings still
hold after excluding endogeneity. The endogeneity tests again prove that Hypotheses 1
and 2 are valid.
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Table 8. Results of endogeneity tests.

Variables SDM Estimated Results Test1 Test 2
DFI —0.3804 *** —0.2768 *** —0.3685 ***
(0.0688) (0.0591) (0.0731)
" —0.7084 *** —0.9084 *** —0.5024 ***
WDFI (0.1780) (0.1653) (0.1033)
Control variables Controlled Controlled Controlled
0 0.2613 *** 0.2962 ***
Log-likelihood 331.4688 349.2438 97.5324
F-Test 54.8121
Fixed effect Fixed Fixed Fixed
Observation 279 248 279

Note: *** indicates significance at the level of 1%.

4.4. Test of the Spatial Influence Mechanism

In the theoretical analysis above, it is mentioned that digital financial inclusion is a new
development model that combines inclusive finance and digital technology. Digital financial
inclusion can reduce the urban-rural income gap by changing the regional industrial
structure. Moreover, the spatial spillover effect deepens the role of industrial structure in
the entire poverty reduction process. Given this, we propose Hypothesis 3. To verify this
point of view, we set the industrial structure indicator as shown in Formula (7):

3
IS=)Y gixi=q x1+gpx2+q3%x3 (7)
i=1

IS represents the regional industrial structure, and g; is the proportion of output value
of industry i (primary, secondary or tertiary). The larger the IS index is, the more advanced
the industrial structure.

According to the step-test regression coefficient method proposed by Baron and
Kenny [80], the mediating effect model is divided into the following three main steps, as
shown in Formulas (8)—(10). First, the explanatory variables and the explained variable
are regressed. Second, the relationship between industrial structure and explanatory
variables is elucidated. Finally, we regress the explanatory variables, industrial structure,
and explained variable. If the results are significant, a mediating effect exists.

URIGj; = wp + szURIGZ‘t + w1 DFI; + (Ui WoDFIiy + wr X + wéWzXl-t +u; + A+ €i (8)
ISit = Bo + TW, IS + P1DFI + BiWoDF Lyt + B2 Xit + BaWoXir + pi + At + € )

URIGy = ag + eWoURIG;; + a1 ISy + &y WaISi; + apDF Ly + ahbWo DF Iy + a3 Xy + ayWo Xy + pi + Ae + & (10)

As shown in Table 9, the results of DFI, IS, and their spatial variables are significant,
proving the existence of mediating effects. Specifically, the results of the variables DFI
and IS show that the total effect of the contribution of digital financial inclusion to the
urban-rural income gap is 0.3804. The mediating effect of digital financial inclusion in
narrowing the urban-rural income gap by upgrading the industrial structure is 0.0798
(0.6390 x 0.1249), and it accounts for 20.98% of the total effect. The results of the variables
W*DFI and W*IS show that the total spatial effect is 0.7084 and the mediating spatial effect
is 0.1156 (0.5456 x 0.2119), accounting for 16.32% of the total effect. After testing, the Sobel
values for the mediating effects are —6.2749 and —1.9686, which are significant at the 1%
and 5% levels, respectively, further confirming the above findings. Based on the above
empirical results, Hypothesis 3 is verified.
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Table 9. Estimation results of the spatial influence mechanism.

Variabl Formula (8) Formula (9) Formula (10)
anables URIG IS URIG
DFI —0.3804 *** 0.6390 *** —0.2297 ***
(0.0688) (0.0538) (0.0687)
IS —0.1249 **
(0.0169)
" —0.7084 *** 0.5456 ** —0.4995 ***
WDFI (0.1780) (0.1426) (0.1848)
—0.2119 ***
P
WIS (0.0923)
Control variables Controlled Controlled Controlled
0 0.2613 *** 0.2648 *** 0.0468 ***
Log-likelihood 331.4688 393.0842 332.8508
Fixed effect Fixed Fixed Fixed
Observation 279 279 279

Note: *, **, and *** indicate significance at the level of 10%, 5%, and 1%, respectively.

Digital financial inclusion can effectively alleviate the financing constraints of small
and medium-sized enterprises and rural residents, thereby promoting the optimal allocation
of credit funds among different industries. In addition, the convenience of payment
methods can increase residents’ consumer demand. The transformation and upgrading of
the industrial structure are also promoted as a result. Furthermore, the advancement and
rationalization of the industrial structure promotes economic development and expands
employment opportunities, which increases the income level of rural residents and reduces
the urban-rural income gap. For economically related provinces, the development of digital
financial inclusion may produce technological innovation spillover effects and interregional
economic spillover effects and further promote industrial structure upgrading. The change
in the industrial structure drives the economic development of other related regions through
production factor flows. In summary, as Hypothesis 3, the industrial structure plays the
role of a mediating variable in the influence mechanism of digital financial inclusion in
reducing the urban-rural income gap.

5. Conclusions

Based on the panel data of provinces (autonomous regions and municipalities) from
2011 to 2019 in China, this paper uses a spatial econometric model to empirically examine
the transmission mechanism of digital financial inclusion in narrowing the urban-rural
income gap. The research shows the following: (1) According to the results of Moran’s I
and Geary’s C, there is a significant positive spatial correlation between digital financial
inclusion and the urban-rural income gap, and both have certain spatial agglomeration
characteristics. (2) The SDM results show that digital financial inclusion has a significant
promotion effect and a positive spatial spillover effect on reducing the urban-rural income
gap. Therefore, if the above spatial correlation is not considered, the impact of digital
financial inclusion will be underestimated. (3) The results of the mediating effect model
illustrate that industrial structure upgrading has a mediating effect that cannot be ignored
in the poverty alleviation process of digital financial inclusion, whether for the region or
for related provinces.

In response to the above conclusions, we make the following three suggestions, which
we hope will be of value to other developing countries and emerging economies with
similar backgrounds to China. First, narrow the urban-rural income gap and vigorously
develop digital financial inclusion. Financial institutions should design and innovate
digital financial inclusion products and services that are more in line with the needs of
disadvantaged groups, thereby supporting production, business, and investment activities.
In addition, the government needs to formulate appropriate strategies for the development
of digital financial inclusion according to local financial levels and infrastructure conditions.
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For example, the construction of relevant digital infrastructure should be continuously
accelerated in remote areas to improve the coverage and accessibility of financial services.
Second, strengthen the spread of financial technology literacy. Insufficient financial
literacy among relatively poor groups may lead to increased difficulty in promoting digital
financial inclusion and a greater income gap between the rich and the poor. Therefore,
financial institutions can popularize financial knowledge through various channels, such as
radio, TV, and cell phones. Moreover, it is necessary to strengthen financial consumer protec-
tion and financial security education, improve residents’ credit awareness and risk-averse
ability, and enable rural residents to make reasonable use of digital financial inclusion.

Third, effectively utilize the spatial spillover effect and industrial structure upgrading.
The liquidity and extensibility of financial services can effectively promote the balanced
development of financial services across regions. The advantageous industries in developed
regions can drive the industrial development of less-developed regions through spatial
effects and then promote the transfer of industries to capital- and technology-intensive
directions and increase the employment rate in poor regions, thus effectively alleviating
poverty.

There are still some limitations that need to be further expanded and deepened. First,
due to the incomplete statistics of the variables involved in this paper at the county and
municipal levels, the existing study sample is restricted to the provincial level only. Second,
this paper uses an index published by the Digital Finance Center of Peking University to
measure digital financial inclusion. Although this index is authoritative and comprehensive,
it still cannot include and accurately calculate all the indicators that can represent the
development and usage of digital financial inclusion. Therefore, improvements can be
made to data and variables in subsequent studies.
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