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Abstract: Based on the perspective of financial geography, this study analyzed the convergent
mechanism of urban–rural financial imbalances under the influence of spatial spillover through
the theoretical framework of spatial process, spatial action, and spatial convergence. Then, we
empirically tested the spatial spillover, spatial difference, and spatial convergence of urban–rural
financial imbalances in China from 1991 to 2021. We found that urban–rural financial imbalances
showed significant spillover effects and heterogeneous characteristics. Spillovers based on financial
radiation and exclusion were apparent during the urban financial agglomeration stage, decreasing
with geographical distance, and had an essential impact on the convergence of provincial urban–rural
financial imbalance. As such spillovers declined during the financial diffusion period, new spillovers
at the technology and information dimensions, which were less geographically constrained, came
into play and contributed to urban–rural financial convergence. The policy implications are that it is
necessary to pay attention to the spatial interaction of urban–rural financial inequality, correctly use
their spillover effects to achieve financial convergence, and activate new spatial spillover channels
according to their spatial interaction mode changes for further urban and rural financial convergence.

Keywords: spatial convergence; spillover effects; urban–rural financial imbalance

1. Introduction

Sustainable development of finance refers to the rational development and utilization
of financial resources in the long term. Unbalanced operation of financial resources such as
underdevelopment or over-development in a certain period is not sustainable [1]. Financial
convergence is an inevitable requirement to alleviate the unbalanced allocation of urban and
rural financial resources. Urban–rural financial imbalances are formed in the spatial process of
urban financial agglomeration and diffusion. At the beginning of the 1990s, market-oriented
reforms of the financial system opened channels of cross-regional flow of financial resources
in China. During the process, financial resources mainly flowed from rural to urban areas
and concentrated in the core cities, beginning the process of urban financial agglomeration.
Financial institutions continued to expand into the surrounding areas under the effect of
circular cumulative causation, forming different levels of financial centers in the surrounding
areas during the leap of each stage. Eventually, a multi-level financial center network came
into being, generating spatial spillover effects [2]. Financial agglomeration zones absorb
financial resources from the surroundings and positively spill over to the periphery through
trickle-down effects, such as setting up branches, disseminating technology, and managing
experience [3]. They can affect financial supply in peripheral rural areas by improving capital
availability. On the other hand, areas with a large amount of financial outflow will have a
high level of financial exclusion, which inhibits the financial supply for surrounding rural
areas. When financial resources in the core city become saturated and spread to the periphery,
the magnitude of these spillovers changes with the intensity of financial diffusion. Therefore,
spatial spillovers play an important role in converging urban–rural financial imbalance.
How do these spillover effects form and manifest during urban financial agglomeration
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and diffusion? Are they heterogeneous in different regions? What are urban–rural financial
inequality’s convergent mechanism and bottleneck under spatial spillovers? The study of the
above questions is vital for the coordinated development of urban and rural finance from a
perspective of spatial synergy.

The existing studies mainly focus on converging urban and rural finance from a
non-spatial perspective. Most research has paid attention to the narrowing of urban and
rural financial differences. According to the neoclassical development theory, marginal
capital returns drive the flow of financial resources and converge urban–rural finance in
various regions. However, information asymmetry in rural credit markets leads to adverse
selection and moral hazards, thus causing market failure [4,5]. Governments also play
exogenous roles through urban preferences or intervention in bank credit [6,7]. Therefore,
large amounts of financial resources flow from rural to urban areas, with the fiscal and
financial systems playing an important role in withdrawing rural funds [8,9]. The reverse
outflow of rural financial resources makes the gaps in urban–rural finance persist, which
are reflected in financial assets, financial loans, and financial development, etc. [10,11].

Moreover, the imbalance between urban and rural financial development is also reflected
at the regional level. Inter-provincial inequality is evident and sustainable in the three regions
and eight economic zones [12]. Urban–rural financial imbalances among the eastern, central,
and western areas are slight, while within the regions they are considerable, especially in
eastern provinces [13]. However, Jiang and Xie believe that expanding urban–rural financial
imbalance is only temporary. When urban financial development reaches a certain threshold,
it will promote the development of rural finance and narrow the gap between urban and rural
finance. This effect is pronounced in the eastern region but has yet to appear in the central
and western areas [11]. Research on the convergence of urban–rural financial imbalance in
different provinces is rare. Li argues that urban–rural financial imbalances in China have
shown a conditional convergence trend and have club convergence characteristics [14].

The above discussions are based on the neoclassical theory hypothesis, which con-
siders provincial urban–rural financial differences as independent entities without spatial
spillovers. However, regional interactions should be addressed. The research perspec-
tive of financial geography emphasizes the information-based geographical attributes of
financial activities, describes spatial factors’ influences on financial activities, and explains
the formation of financial agglomeration and financial exclusion as well as their spatial
spillover effects [15–17]. Spatial interactions are conducive to helping undeveloped regions
catch up with developed areas and realize convergence [18]. Therefore, spatial dependence
and heterogeneity have become practical problems in cross-sectional and spatial-temporal
analyses [19], as various spillover effects due to factor mobility, transfer payments, and
technological diffusion become operational [20]. Ignoring spillover effects will lead to bias
in the convergence model setting [21]. Models with spatial spillover have been widely used
in the convergence study of China’s economic growth and financial development [22–25].

In fact, within the linked network of regional economies, urban–rural development
also exhibits spatial heterogeneity and dependence. In spatial agglomeration, urban sys-
tems gradually self-organize into a highly regular hierarchy and form a connected network
structure [26–28]. Symbiotic relationships can emerge between urban hierarchies based
on regional market potential, including the rural fringe [26,29]. The positive externalities
of urban development for rural areas show spatial agglomeration characteristics, with
counties near large cities such as Beijing, Shanghai, Guangzhou, and Shenzhen having
higher agricultural labor productivity from 2000 to 2010 [30]. Urban–rural integration has a
positive spatial correlation, and the agglomeration effects of cities play a dominant role [31].
The agglomeration and diffusion of economic and financial resources enhance the spatial
interaction of urban–rural financial differences, making their evolution and convergence
exhibit new characteristics. Regarding spatial logic, urban–rural integrated development
involves reconstructing urban–rural spatial relations [32]. Therefore, the spatial effect is a
prerequisite that cannot be ignored when studying the convergence of urban–rural financial
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differences. However, no spatial effects of urban–rural financial imbalance are considered
in the existing literature, motivating us to pursue this topic.

The aim of this paper is to explore the convergence of urban–rural financial imbalances
under spatial spillover effects formed during urban financial agglomeration and diffusion.
Its contributions are as follows. Firstly, we construct an analytic framework to elaborate
on the influence of spatial spillovers on convergence through the financial geographi-
cal perspective of spatial process, spatial action, and spatial convergence. Secondly, we
demonstrate the existence of spillovers among provincial urban–rural financial imbalances,
including spillovers based on financial radiation and financial exclusion. Thirdly, we exam-
ine the convergent mechanism of urban–rural financial imbalance under spatial spillover
effects. Finally, we propose policies for convergence and sustainable development of urban
and rural finance from a perspective of spatial coordination. We found that urban–rural
financial differences show significant spillover effects and heterogeneous characteristics.
Spillovers based on financial radiation and exclusion were obvious during urban financial
agglomeration. The former was conducive, while the latter was detrimental to convergence.
Both decreased with geographical distance and weakened during the financial diffusion
phase. At this time, spatial spillovers in the information and technology dimensions less
constrained by geographical distance become obvious and played a positive role in con-
verging urban–rural financial imbalances in the middle and western areas. Therefore, it
is necessary to stimulate new spillover channels to promote the further convergence of
urban–rural financial disequilibrium.

2. Theories and Hypotheses

Figure 1 describes spatial spillovers and the convergence of urban–rural financial
imbalances. Our analytical logic was based on the perspective of financial geography,
which contains spatial differences, spatial processes, and spatial interactions [33]. As
shown in Figure 1, we extended the logical chain to spatial convergence. The left and
right dashed square boxes indicate the financial agglomeration and diffusion processes,
respectively. The upper and lower sides are the financially abundant areas and financially
scarce areas, respectively. The spatial processes are the agglomeration and diffusion of
financial resources, during which financial abundant areas and scarce areas are formed. The
spatial interactions are spillovers produced in the process of financial agglomeration and
diffusion. Spatial convergence is the evolution trend of urban–rural financial imbalance,
which is affected by spatial spillovers, and shows different characteristics in financially
abundant and scarce areas. We will elaborate on the mechanism in detail.
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2.1. Financial Agglomeration, Spatial Spillovers and Convergence of Urban–Rural Financial
Imbalances

Financial centers benefit from financial agglomeration, and their urban areas take
the lead in radiating rural finance through the following channels: firstly, by expanding
urban financial services to rural areas through financial division. Core cities continuously
expand their financial scale in the cycle of cumulative causality. The externality drives
the deepening of financial specialization, significantly reducing financial transaction costs
and penetrating financial services to rural areas through financial expansion. Secondly,
spillovers of financial talents to rural areas are promoted through a shared labor market.
Financial agglomeration is conducive to fostering multi-level professional financial talents
and forming a shared financial labor market. The accumulation of financial knowledge and
skills generated by financial aggregation can radiate to rural areas through labor mobility,
improving the human capital of rural finance. Thirdly, the asymmetry of the rural credit
market is reduced through information spillovers. Competition and cooperation of core
and surrounding cities form a complex horizontal and vertical connection, which enables
them to form an interdependent network [34]. Rural financial institutions close to financial
centers can enjoy the externalities of the above information network, significantly enhancing
their access to financial services. Fourthly, rural financial innovation is promoted through
spillovers of technology. Transaction costs associated with information asymmetry in rural
credit markets, including information collection costs, loan monitoring costs, and disposal
costs, are high, and a combination of credit techniques is needed to reduce information
asymmetry [5]. As a result, it is difficult for traditional financial services to meet their
financial demands, and financial innovation is required. Technical spillovers from financial
centers promote adjacent rural financial institutions to provide innovative financial services
suitable for rural production and operation, which better meets the diversified financial
needs of rural operators and improves rural financial supply.

On the other hand, financial agglomeration strengthens the spatial spillover of urban–
rural financial imbalances and contributes to their convergence. The forward and backward
linkages of financial activities form close spatial interactions between cities and generate
spatial spillovers through spatial demonstration, training, competition, and collaboration
effects [35]. Core cities play demonstrative roles in financial products, services, and tech-
nology. This also results in spillovers of financial knowledge and management experience
through training and the exchange of financial talents. Fierce market competition improves
the quality of financial innovation and service in core areas. Financial institutions in various
regions strengthen spatial correlation in labor specialization and spatial cooperation. There-
fore, financial centers drive financial developments of peripheral areas through spatial
spillover. The financial development of peripheral cities further radiates into surrounding
rural areas by improving financial services, financial talents, financial information, and
financial knowledge. Thus, urban–rural financial imbalance in financial abundant areas
declines interactively. Spillovers based on financial radiation make peripheral areas with
initially high urban–rural financial imbalance share the financial achievements of financial
centers and reduce urban–rural inequality faster. As a result, financial radiation from urban
to rural areas and spillover effects contribute to the convergence of urban–rural financial
imbalances in financial abundant areas, as shown by the top left of Figure 1.

For financially scarce zones, an outflow of financial resources prevents the accessibility,
availability, and usage of financial resources, thus inducing financial exclusion [36]. In
addition, financial exclusion has a significant spatial dependence [37]. A province with
high financial exclusion results in both it and adjacent provinces having a low financial
availability, which makes urban finance insufficient to drive rural finance. Compared
with the interacted contraction of urban–rural financial imbalances in financially abundant
areas, urban–rural financial inequality in financially scarce areas will be locked at a high
level. Thus, the convergence of urban–rural financial imbalances in financially scarce
areas is prevented by insufficient financial radiation and exclusion spillovers, as shown
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by the bottom left of Figure 1. We propose two hypotheses according to the convergence
characteristic during financial agglomeration.

Hypothesis 1. Urban–rural financial imbalances have radiation spillovers and exclusion spillovers
which decrease with geographical distance, with spatial dependence and spatial heterogeneity based
upon them.

Hypothesis 2. Radiation spillovers in financially abundant areas promote the convergence of
urban–rural financial imbalance, while exclusion spillovers in financially scarce areas prevent it.

2.2. Financial Diffusion, Spatial Spillovers, and Convergence of Urban–Rural Financial Imbalances

When the development of urban finance in the financial abundance zone has reached
a certain level, financial diffusion becomes the primary form of financial connection with
the surrounding areas and starts the period of financial diffusion. At this time, failure to
break through some of the relevant constraints will prevent the convergence of urban–rural
financial disequilibrium in financial abundance.

Firstly, financial radiation from urban to rural areas needs to be enhanced. During
financial agglomeration, rural finance has just developed from a primary stage. As a
result, financial radiation from urban to rural areas is mainly based on expanding financial
institutions and financial services, which promotes rural financial development through
“scale expansion”. By contrast, new types of rural financial institutions gradually emerge
at the stage of financial diffusion, and innovation in rural financial services is increasing.
Accordingly, the effects of financial radiation need to shift from “scale expansion” to
“quality-driven”, that is to say, promoting innovation and financial efficiency in rural
financial services through the diffusion of financial technology. Otherwise, it will be
challenging to meet the financial needs of modern agricultural production and operation,
thus inhibiting radiation effects from urban to rural areas.

Secondly, spatial spillover needs to break through the spatial distance constraint of
geographical proximity and spill over to regions with similar levels of information and
technology. The “spread” effects are weaker compared with the “backwash” effects under
market forces [38]. Furthermore, financial diffusion can also be limited by local protection
and the infrastructure level of the area receiving the financial resource backflow. Insufficient
financial diffusion can weaken interactions between cities, inducing a divergent trend and
a decline in the convergence of urban and rural financial inequality. Spatial spillover
dividends based on geographical distance have gradually been released in the financial
agglomeration stage. New spatial penetration channels with less geographical constraints
must be explored to maintain further convergence. In summary, the lack of “quality-driven”
financial radiation from urban to rural areas and the decreased spillover effects prevent the
convergence of urban–rural financial imbalance among geographically adjacent provinces,
as shown in the upper right part of Figure 1.

On the other hand, financially scarce areas absorb financial resources flowing back
from financially abundant regions. The quantity-oriented financial radiation from urban to
rural areas increases with the enrichment of financial supply. Agglomeration of provinces
with high urban–rural financial inequalities can be alleviated due to weakened financial
exclusion spillovers. The breakthrough of the locking state of high urban–rural financial
imbalance promotes spatial convergence in financially scarce areas, as shown by the bottom
right of Figure 1. We propose hypothesis 3 based on the spatial spillover effects and
convergence during financial diffusion.

Hypothesis 3. Weakened financial radiation spillovers prevent the convergence of urban–rural
financial imbalance in financially abundant areas. In contrast, improved financial radiation and
weakened exclusion spillover promote convergence in financially scarce regions.
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3. Methodology
3.1. Model Construction
3.1.1. The Calculation of Theil Index

We describe the spatial movement of urban financial resources and the evolution
of urban–rural financial imbalance by calculating the Theil index. Let p = (N, E, M, W)
represent the whole China, China’s eastern, central, and western regions, respectively. We
decomposed the total difference in region P into intra-group difference Ipwd and inter-group
difference Ipbd. The former describes financial differences within urban or rural areas, as
shown in Equation (1). Tloanp is the total loans of financial institutions in region P. Ip1 (IP2)
is the Theil index of rural (urban) areas in region P. Tloanp1 (Tloanp2) represents the total
loans of financial institutions of rural (urban) areas in region P.

Ipwd =
Tloanp1

Tloanp
· Ip1 +

Tloanp2

Tloanp
· Ip2 (1)

The Theil index of urban areas (IP2) describes the financial differences in urban areas,
as shown in Equation (2). Financial agglomeration increases urban financial differences and
improves Ip2, while financial diffusion reduces it. Tloanpi2 and Laborpi2 represent the loans
of financial institutions and employed population in urban areas of i province in region P,
respectively. LaborP2 represents the employed population in urban areas in region P.

Ip2 = ∑
i

Tloanpi2

Tloanp2
ln

(
Tloanpi2/Tloanp2

Laborpi2/Laborp2

)
(2)

The inter-group difference describes financial differences between urban and rural
areas, which is calculated in Equation (3). Laborp1 is the employed population in rural
areas in region P. Laborp is the employed population in region P.

Ipbd =
Tloanp1

Tloanp
ln

(
Tloanp1/Tloanp

Laborp1/Laborp

)
+

Tloanp2

Tloanp
ln
(

Tloanp2/TLoanp

laborp2/Laborp

)
(3)

3.1.2. Spatial Autocorrelation Test

The Moran’s ’I index is used to test the overall spatial correlation of urban–rural
financial imbalance, which is calculated as shown in Equation (4).

Moran’I =
∑n

i=1 ∑n
i=1 wij(yi − y)

(
yj − y

)
s2∑n

i=1 ∑n
j=1 wij

(4)

s2 =
∑n

i=1(yi−y)2

n , y = ∑n
i=1 yi
n , where yi represents the urban–rural financial imbalance

in province i, n represents the number of provinces, and Wij represents the spatial weight

Wij =

{
1 When area i and area j are adjacent

0 When area i and area j are not adjacent
(5)

Wij =

{
1

|Yi−Yj| if i 6= j

0 if i = j
(6)

The calculation of adjacent weight W1 is expressed in Equation (5). As described by
Equation(6), geographical weight W2 is expressed as the reciprocal of the distance between
geographical centers of two provinces represented by Yi and Yj. Similarly, economic weight
is expressed as the reciprocal of economic distance, which is the absolute value of the
difference between the average per capita real GDP of two provinces [39]. The product of
adjacent weight and economic weight is spatial weight W3.



Land 2023, 12, 1467 7 of 22

3.1.3. Spatial Econometric Model

The classical β convergence model of Barrow and Martin (1992) is shown in
Equation (7) [40], where, Urdi,t0 and Urdi,t0+T represent the urban–rural financial imbalance
in t0 and t0+T of i province. T is the period span, and εit is the random disturbance term. β
represents the convergence coefficient, where β = −(1 − e−θT)/T. If β < 0, it shows that
urban–rural financial imbalance tends to converge in the period of (t0, t0+T). If β > 0, it
tends to diffuse.

1
T

ln
(

Urdi,t0+T

Urdi,t0

)
= α+ βln

(
Urdi,t0

)
+ εit (7)

According to the different spatial action forms of urban–rural financial imbalance,
a spatial autoregressive model (SAR) and a spatial error model (SEM) are established to
analyze the spatial conditional convergence. The SAR model is shown in Equation (8),
and the SEM model is shown in Equations (9) and (10), respectively. In the following
equations, Wij is the spatial weight matrix. Spatial regressive coefficient ρ measures the
influence of urban–rural financial imbalance of neighboring provinces to the local province.
The spatial error coefficient λ measures the influence of the random disturbance of urban–
rural financial imbalance in neighboring provinces on the local province. µit is a normally
distributed random error vector. LnUrdi,t0 is the core explanatory variable, and Xit is the
set of control variables, with the meanings shown in Table 1.

1
T

ln
(

Urdi,t0+T

Urdi,t0

)
= α + ρ

N

∑
j=1

wij
1
T

ln
(

Urdi,t0+T

Urdi,t0

)
+ βln

(
Urdi,t0

)
+ ϕXit + εit (8)

1
T

ln
(

Urdi,t0+T

Urdi,t0

)
= α + βln

(
Urdi,t0

)
+ ϕXit + εit (9)

εit = λ
N

∑
j=1

wijεit + µit (10)

3.2. Variables Selection
3.2.1. Dependent Variable

The dependent variable is Gur, the average annual growth rate of urban–rural financial
imbalance. We calculated the urban–rural financial imbalance (Urd) at year t0+T and
t0 respectively, taking the nature logarithm of their ratios, then dividing by the time
interval [40].

3.2.2. Core Explanatory Variable

The core explanatory variable is Urdi,t0, representing urban–rural financial imbalance
at T0. Existing studies mostly use urban–rural loan differences, including differences in loan
per capita or loan interrelation ratios, to describe urban–rural financial imbalances [11–14].
Based on the referring research, we use loan per labor of urban areas divided by loan per
labor of rural regions to represent urban–rural financial imbalance. Loan per labor of urban
(rural) areas is calculated as loans offered by financial institutions to urban (rural) areas
divided by the employed labor force in urban(rural) areas. Compared with the other loan
indicators, loans per labor can better reflect the productive use and efficiency of loans.
Furthermore, financial mobility is accompanied by labor mobility, which improves spatial
interactions of urban–rural financial imbalance. Therefore, this indicator can better embody
spatial effects. To calculate Urd we need data on loans and labor in urban and rural areas,
which is estimated according to the methods of Gao and Li [41].

3.2.3. Control Variables

Urban–rural relative marginal returns of capital (mpkur): expressed as urban marginal
returns of capital divided by rural marginal returns of capital. It is positively correlated with
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Gur when the flow of financial resources is oriented to marginal capital returns. Otherwise,
it is negatively or insignificantly correlated with Gur. Mpkur is estimated by the method of
Gao and Li (2016) [41].

Table 1. Variable definitions and summary descriptions.

Panel A: Data Definition

Variable Definition Measurement

Gur Average annual growth rate of
urban–rural financial imbalance Gur = 1

T ln
(

Urdi,t0+T

Urdi,t0

)
lnurd Nature logarithm of urban and

rural financial imbalance
Loan per labor of urban areas divided by loan
per labor of rural areas

mpkur Marginal return of urban and
rural capital

Marginal return of urban capital divided by
marginal return of rural capital

market Marketization of financial
resource allocation

Credit portion allocated to non-state-owned
enterprises

rgov Government intervention The ratio of fiscal expenditure to GDP

rfdi Open degree The proportion of foreign direct investment
to GDP

traffic Transportation infrastructure Road and railway mileage divided by
administrative area

lnedu Human capital level The nature logarithm of the number of
students in general colleges and universities

volatility The relative volatility of output The ratio of the cycle term separated by HP
filtering to the actual value of GDP

Panel B: Data Description

Variable Obs Mean Std.Dev. Min Max

Gur 930 −0.0316 0.0714 −0.3509 0.4226
lnurd 930 2.7438 0.7643 0.5330 4.3775
mpkur 930 2.0816 3.0046 0.0580 14.8866
market 930 1.1200 0.4156 0.4858 2.7123
rgov 930 0.2078 0.1710 0.0492 1.3792
rfdi 930 0.0296 0.0320 0.0000 0.2425
traffic 930 0.6445 0.5163 0.0173 2.3793
lnedu 930 3.3159 1.3547 −1.5141 5.5934
volatility 930 −0.0007 0.0320 −0.1700 0.0851

Marketization of financial resource allocation (market): this is measured by credit
portion allocated to non-state-owned enterprises, estimated by the methods of Zhang &
Jin [42]. Severe information asymmetries, lack of collateral available, and idiosyncratic
costs and risks of agriculture make market failures in the natural development of rural
markets, resulting in large outflows of capital [43], thus increasing urban–rural financial
disparities. Therefore, market is positively correlated with Gur.

Degree of government intervention (rgov): expressed as the ratio of fiscal expendi-
ture to GDP. Fiscal expenditure is the most direct means of government intervention in
resource allocation [44], and its use reflects the specific effect of government intervention.
Concerning the existing literature, fiscal expenditure/GDP is used to measure the degree of
government intervention [44–47]. Government intervention will increase urban–rural finan-
cial differences through policies of urban preference [6], and rgov is positively correlated
with gur.

Other control variables are listed as following: Degree of Openness (rfdi), measured
by the proportion of foreign direct investment to GDP. Transportation conditions (traffic):
expressed by the number of road miles and railroad miles divided by the administrative
area of each province. Level of human capital (lnedu): expressed by the natural logarithm
of the number of students in general colleges and universities (unit: ten thousand persons).
Relative volatility of output (volatility): expressed as the ratio of the cycle term seperated
by HP filtering to the actual value of GDP [48]. Any increase in rfdi, traffic, and lnedu
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is conducive to increasing the attractiveness of towns to financial resources, and thus
positively correlated with gur. Output volatility shocks urban credit and reduces urban–
rural financial disparities by cutting the scale of urban credit and is negatively correlated
with Gur.

3.3. Data Source and Description

The definition and calculation of all the variables are listed in panel A of Table 1.
The description of the main variables are listed in panel B of Table 1. We use the panel
data of 31 Chinese provinces from 1991 to 2021. Data covered mainly come from China
Compendium of Statistics 1949–2008, Almanac of China’s Finance and Banking, Yearbook
of China’s Township Enterprises, Statistical Yearbook of the Chinese Investment in Fixed
Assets, China Industry Economy Statistical Yearbook, China Agriculture Yearbook, China
Statistical Yearbook, the Wind Database and statistical yearbooks of each province.

4. Empirical Results
4.1. Evolution of Urban–Rural Financial Imbalances

Figure 2a shows the Theil index of urban financial imbalances from 1991 to 2019,
calculated according to Equation (2). We can see that urban financial differences in China
and the eastern region showed an upward trend before 2003, fluctuated slightly, and then
continued to decline. The Theil indexes of urban financial differences in the central and
western regions were far lower than that in the eastern region. Figure 2b is the quadratic or
cubic curve fitted according to the Theil index. The fitting curves for China and the eastern
region showed inverted “U” shapes, indicating an obvious financial agglomeration and
diffusion process in the urban areas. The inverted “U” shape of the central region was weak,
and the curve of the western region was waved. Figure 2c shows the inter-group difference
in urban–rural financial imbalance calculated according to Equation (3), which describes
the spatial-temporal evolution of urban–rural financial inequality in China and the three
regions. It can be seen that the urban–rural financial imbalance declined continuously. The
curve of the western region with the scarcest financial resources was the highest, while that
of the eastern part with the most abundant financial resources was the lowest. According
to Figure 2a, the Theil index of China increased gradually from 1991 to 2003 and reached
a peak of 0.0651. Therefore, we define this interval as the urban financial agglomeration
period, and the urban financial diffusion period starting in 20041.
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Figure 2. Space and temporal evolution of urban–rural financial imbalances in China from 1991 to
2019. Note: The eastern region includes Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang,
Fujian, Shandong, Guangdong, and Hainan. The central region includes Shanxi, Jilin, Heilongjiang,
Anhui, Jiangxi, Henan, Hubei, and Hunan. The western region includes Inner Mongolia, Guangxi,
Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang.

4.2. Spatial Heterogeneity of Urban–Rural Financial Imbalance

The calculation results of the spatial auto-correlation are described in Table A1, which
shows that the Moran index of adjacency weight W1 was significantly positive and the
highest. We divided urban–rural financial imbalance (lnurd) into four quartile intervals
from low to high, as shown in Figure 3. From 1991 to 2019, the ranges of the first quartile
intervals continuously declined. The second and the third quartile interval ranges also
tend to be narrow. However, the range of the fourth quartile has not narrowed significantly
from 1991 to 2011, which shows that provinces with high urban–rural financial imbalance
are dispersed and impede the convergence of urban–rural financial inequality.

The agglomeration characteristics of provinces with a low urban–rural financial im-
balance in the eastern regions have been gradually apparent since 1998. Li and Zhang
(2017) calculated that Beijing and Shanghai’s comprehensive financial radiation radius
is 350–400 km [50]. The two financial centers drove their adjacent provinces to a lower
quartile interval from 1991 to 2004; these provinces include Hebei, Shandong, Zhejiang, and
Jiangsu, and they all dropped into the first quartile interval in 2004. Financial radiation from
financial centers in the eastern regions also extended to the central region. Urban–rural
financial imbalance in some provinces of the central areas also decreased from 1991 to 2004.
Henan dropped from the third to the first or second quartile interval. Shanxi and Jiangxi
dropped from the second to the first quartile interval. Anhui fell step by step from the
fourth to the second quartile interval.

Due to the massive outflow of financial resources, a high area of financial exclusion
has formed in the western region. Provinces with high financial exclusion, such as Qinghai,
Tibet, Yunnan, and Guizhou [51], were always in the third and fourth quartile interval
and constantly increased the urban–rural financial imbalance of surrounding provinces.
An aggregation of provinces with high urban–rural financial imbalance has appeared
since 1998. In 2011, all the western provinces except for Ningxia were concentrated in the
third or fourth quartile interval. Financial inclusion levels in rural areas of Guangxi and
Guizhou were low [52], and thus these two provinces become stuck in the third and fourth
quartile interval in most of the sample years. The influence of high financial exclusion was
weakened in 2019, significantly reducing urban–rural financial imbalance in the western
provinces. Shaanxi and Guizhou dropped from the fourth to the third quartile interval.
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Inner Mongolia and Sichuan dropped from the third to the second quartile interval. The
spatial dependence and spatial heterogeneity of urban–rural financial imbalance align with
the description of hypothesis 1.

Figure 3. Quartiles of urban–rural financial imbalances.

4.3. Spatial Spillovers and Convergence of Urban–Rural Financial Imbalances
4.3.1. Spatial Convergence of the Whole Period

Table 2 describes the absolute convergence of urban–rural financial imbalance in
China and three regions during the whole period when we take the most significant
weight W1 as the spatial weight. As shown in Table 2, urban–rural financial imbalances in
China’s eastern and central regions have absolute β convergence characteristics, while the
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β coefficient in the western part is insignificant. Spatial coefficients ρ and λ in all models
are significantly positive, indicating that urban–rural financial imbalances have significant
positive spillover effects.

Table 2. Absolute spatial β convergence of urban–rural financial imbalances (1991–2021).

China East Middle West

SAR SEM SAR SEM SAR SEM SAR SEM

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

β −0.0493 *** −0.0520 *** −0.0620 *** −0.0593 *** −0.0713 *** −0.0896 *** −0.0234 −0.0298
(0.0097) (0.0102) (0.0118) (0.0115) (0.0173) (0.0189) (0.0270) (0.0274)

ρ 0.3685 *** 0.1984 *** 0.2684 *** 0.3419 ***
(0.0400) (0.0524) (0.0531) (0.0599)

λ 0.3700 *** 0.2079 *** 0.2704 *** 0.3448 ***
(0.0408) (0.0538) (0.0547) (0.0605)

_cons 0.1499 *** 0.1430 *** 0.1705 *** 0.1536 *** 0.2018 *** 0.2497 *** 0.0714 0.0852
(0.0330) (0.0349) (0.0366) (0.0354) (0.0589) (0.0653) (0.0993) (0.1008)

N 930 930 330 330 240 240 360 360
R2 0.2081 0.2241 0.3617 0.3921 0.4108 0.3829 0.0375 0.0290

Notes: *** indicates 1% significance level. Standard errors are in parentheses.

4.3.2. Spatial Spillovers and Convergence during Urban Financial Agglomeration Period

The results of conditional convergence under spatial weight W1 are shown in
Tables 3 and 4. During the agglomeration period, urban–rural financial imbalances in
China and the eastern region showed significant spatial spillovers and convergence. The β
coefficients are significantly negative in columns (3) to (4) of Table 3. The spatial coefficients
ρ and λ are both significantly positive in columns (3) to (4). During this period, reforms
of the rural financial system had started. A trinity financial system featuring cooperative,
commercial, and policy-based finance has been gradually established and improved. Ini-
tially, urban finance mainly radiated rural finance through the scale expansion of financial
services and institutions. Financial radiation spillover had significantly promoted the
convergence of urban–rural financial imbalance in eastern China. As mentioned above,
financial centers such as Beijing and Shanghai can reduce urban–rural financial inequalities
of their peripheral areas through financial radiation. We can see in Figure 3a-c that both
Hebei and Shandong dropped from the third or fourth quartile to the first from 1991 to
2004. Jiangsu and Zhejiang were similar, dropping from the third or second quartile to the
first. Therefore, peripheral areas can catch up with core regions in the “learning by doing”
process, contributing to the convergence of provincial urban–rural financial imbalance in
the eastern areas. The convergent characteristics of urban–rural financial imbalance in the
eastern regions during the agglomeration period are consistent with the description in
hypothesis 2.

As shown in Table 3, columns (5) to (6), the coefficients of β are significant in the central
region, but the spatial coefficients are not significant. This indicates that spatial spillover
effects among the central provinces were not strong. The decrease in urban–rural financial
imbalance in the central regions was mainly driven by spatial spillovers of the adjacent
provinces in the eastern areas. As we can see from Figure 3a-b, the central provinces such as
Shanxi, Henan, Anhui, and Jiangxi, dropped into a lower quartile interval from 1991 to 1998.
These characteristics also promote the convergence of urban–rural financial imbalance in
China. As we can see in columns (1) to (2) of Table 3, coefficients ρ and λ were significantly
positive, and coefficient βwas significantly negative.

As to the western region, financial exclusion spillovers hindered the convergence
of urban–rural financial imbalance. We can see from Table 3 that coefficients ρ and λ
in columns (7) to (8) were significantly positive, while coefficient β was not significant.
As seen in Figure 3b,c, urban–rural financial imbalance in the high financial exclusion
provinces, such as Qinghai, Tibet, Yunnan, and Guizhou [51], were always in the third and
fourth quartile intervals, which constantly raised the urban–rural financial imbalance of
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surrounding provinces through exclusion spillovers. Consequently, high financial exclusion
induced an agglomeration of provinces with high urban–rural financial imbalance, which
prevented convergence in the western region. The convergent characteristics of urban–rural
financial inequality in the western areas during the agglomeration period are consistent
with the description in hypothesis 2.

Table 3. Conditional spatial β convergence of urban–rural financial imbalances during urban financial
agglomeration period (1991–2003).

China East Middle West

SAR SEM SAR SEM SAR SEM SAR SEM

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

β −0.0650 *** −0.0758 *** −0.0803 *** −0.0792 *** −0.1650 *** −0.1751 *** −0.0317 −0.0349
(0.0163) (0.0161) (0.0202) (0.0192) (0.0477) (0.0467) (0.0470) (0.0456)

mpkur −0.0044 −0.0044 −0.0063 * −0.0063 * 0.0527 *** 0.0556 *** −0.0097 ** −0.0086 **
(0.0029) (0.0028) (0.0036) (0.0034) (0.0201) (0.0209) (0.0045) (0.0043)

market 0.0207 0.0189 0.0178 0.0205 −0.0740 −0.0776 −0.0357 −0.0535
(0.0213) (0.0209) (0.0284) (0.0280) (0.0858) (0.0913) (0.0411) (0.0415)

rgov 0.0670 0.0526 0.3215 0.3217 −0.5433 −0.4938 0.0554 0.0119
(0.0739) (0.0789) (0.4446) (0.4408) (0.6392) (0.6405) (0.0818) (0.0866)

rfdi 0.5573 *** 0.5152 *** 0.7007 *** 0.6359 *** −0.3590 −0.3598 1.0312 ** 0.8044
(0.1450) (0.1556) (0.1682) (0.1819) (0.7522) (0.7565) (0.5125) (0.5492)

traffic −0.0385 −0.0689* −0.0524 −0.0576 −0.0770 −0.0677 0.1373 0.0924
(0.0397) (0.0402) (0.0559) (0.0540) (0.2078) (0.2094) (0.1218) (0.1207)

lnedu −0.0195 *** −0.0247 *** −0.0064 −0.0120 0.0096 0.0053 −0.0325 *** −0.0363 ***
(0.0068) (0.0077) (0.0110) (0.0115) (0.0292) (0.0289) (0.0105) (0.0109)

volatility −0.1658 * −0.1765 −0.0164 0.0148 −0.3975 * −0.4209 ** −0.1218 −0.1982
(0.0994) (0.1203) (0.1750) (0.1995) (0.2108) (0.2130) (0.1448) (0.1676)

ρ 0.2799 *** 0.0714 ** 0.0390 0.2386 **
(0.0646) (0.0361) (0.0491) (0.1017)

λ 0.3043 *** 0.0875 ** 0.0076 0.2896 **
(0.0702) (0.0438) (0.0562) (0.1175)

_cons 0.2299 *** 0.2837 *** 0.1978 ** 0.2110 ** 0.6154 *** 0.6489 *** 0.1788 0.2274
(0.0682) (0.0702) (0.0914) (0.0954) (0.2007) (0.2009) (0.1703) (0.1650)

N 372 372 132 132 96 96 144 144
R2 0.3744 0.3889 0.5256 0.5277 0.5706 0.5704 0.2672 0.2804

Notes: ***, ** and * indicate 1%, 5%, and 10% significance level, respectively. Standard errors are in parentheses.

The spillover effect based on financial radiation and financial exclusion decreased
with geographical distance. To test the geographical boundary of spatial spillover ef-
fects, we used 50 rounds of consecutive regression according to the spatial SEM model of
Equations (9) and (10), starting from the shortest distance of 115.46 km, with 50 km adopted
as the progressive distance until 2565.46 km was reached. It was found that the significance
of the spatial spillover coefficients in the first 46 regressions was 1%, and then decreased
beyond this distance. Therefore, the results within 2365.46 km were analyzed. The spatial
coefficients and geographical distances are shown in Figure 4 and are divided into four
distance intervals. The first interval was within 365.46 km, where the spatial spillover
coefficients were from 0.3427 to 0.3623. The distances between Beijing, Tianjin, and Hebei
and between Shanghai, Jiangsu, and Zhejiang are in this interval, showing strong spillover
effects based on financial radiation. The distance of this interval is mostly consistent with
the comprehensive financial radiation radius of Beijing and Shanghai, which are around
350–400 km [50]. The second interval was from 415.46 km to 615.46 km. This distance is
beyond the strongest financial radiation radium of financial cores such as Beijing and Shang-
hai, so the spatial spillover coefficients dropped rapidly from 0.3270 to 0.1871. The third
interval was 665.46–865.46 km, in which spatial spillover effects rebound. The distances
between high financial exclusion provinces, such as Yunnan and Guizhou, Yunnan and
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Guangxi, are within this range. Positive spillovers of financial exclusion increased spatial
spillover coefficients from 0.2445 to 0.4003. The fourth interval was 915.46–2365.46 km,
and the spatial coefficients showed a fluctuating downward trend. According to the above
analysis, positive spatial spillover effects of urban–rural financial imbalance are based
on financial radiation spillovers in financially abundant areas and financial exclusion
spillovers in financially scarce areas with obvious geographical boundaries, consistent with
the description in hypothesis 1.

Table 4. Conditional spatial β convergence of urban–rural financial imbalances during urban financial
diffusion period (2004–2021).

China East Middle West

SAR SEM SAR SEM SAR SEM SAR SEM

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

β −0.0026 −0.0004 0.0284 0.0354 −0.0328 −0.0316 −0.0444 * −0.0454 *
(0.0190) (0.0194) (0.0366) (0.0359) (0.0287) (0.0287) (0.0253) (0.0250)

mpkur −0.0029 −0.0031 −0.0032 −0.0032 −0.0059 −0.0048 −0.0072 * −0.0075 *
(0.0022) (0.0022) (0.0030) (0.0030) (0.0165) (0.0168) (0.0042) (0.0042)

market 0.0034 0.0056 0.0293 0.0280 0.0062 0.0149 −0.0277 ** −0.0289 **
(0.0102) (0.0107) (0.0217) (0.0222) (0.0274) (0.0306) (0.0140) (0.0139)

rgov 0.1238 *** 0.1264 *** −0.2046 −0.1983 0.4596 *** 0.4144 ** 0.2066 *** 0.2198 ***
(0.0372) (0.0387) (0.1711) (0.1739) (0.1768) (0.1801) (0.0456) (0.0461)

rfdi −0.2801 −0.2903 −0.2567 −0.2300 −0.8321 −0.8421 −0.8754 * −0.7299
(0.1972) (0.1969) (0.2537) (0.2491) (0.5150) (0.5173) (0.5208) (0.5408)

traffic 0.0363 *** 0.0380 *** 0.0688 *** 0.0718 *** 0.0040 0.0039 0.0194 0.0175
(0.0141) (0.0146) (0.0259) (0.0266) (0.0284) (0.0291) (0.0221) (0.0219)

lnedu 0.0025 0.0025 −0.0366 * −0.0376 * 0.0371 0.0355 0.0205 * 0.0222 **
(0.0094) (0.0097) (0.0192) (0.0193) (0.0288) (0.0289) (0.0108) (0.0110)

volatility −0.0636 −0.0673 −0.1146 −0.1291 −0.0245 −0.0244 −0.0800 −0.1009
(0.0804) (0.0832) (0.1398) (0.1440) (0.1211) (0.1252) (0.1424) (0.1392)

ρ 0.1463 ** 0.0607 * −0.0083 0.0127
(0.0578) (0.0358) (0.0407) (0.0928)

λ 0.1044 * 0.0581 0.0340 −0.0827
(0.0633) (0.0397) (0.0487) (0.1149)

_cons −0.1066 −0.1250 * −0.0253 −0.0496 −0.2516 ** −0.2453 ** −0.0008 −0.0077
(0.0694) (0.0708) (0.1325) (0.1320) (0.1137) (0.1133) (0.0894) (0.0888)

N 527 527 187 187 136 136 204 204
R2 0.0539 0.0531 0.1920 0.1897 0.1946 0.1953 0.1495 0.1482

Notes: ***, ** and * indicate 1%, 5%, and 10% significance level, respectively. Standard errors are in parentheses.
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Figure 4. Relationship between spatial coefficients and geographical distance. Note: The spatial
spillover effects are significant in the financial agglomeration stage (1991–2003), so we choose this
period for analysis.
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4.3.3. Spatial Spillovers and Convergence during Urban Financial Diffusion Period

The spatial spillover effect in the eastern regions during the financial diffusion period
was weaker. The convergence was insignificant, as shown in columns (3) and (4) of
Table 4. The spatial coefficient λ was insignificant, and the significance of ρ also decreased
compared with the values in Table 3. As mentioned, two reasons exist for the decline in the
convergence of urban–rural financial inequality in the eastern area. First, the reduction in
urban–rural financial disequilibrium was moderated by weak financial radiation. A series
of changes occurred in the rural financial market environment. The entry conditions for
rural banking institutions have been relaxed since 2006, allowing domestic and foreign
banking capital, industrial capital, and private capital to invest in rural areas. New types
of rural financial institutions have gradually emerged. New mortgage guarantee models,
agricultural futures options, and rural supply chain finance were continuously introduced.
Internet and mobile finance development in rural areas have made financial services more
interconnected and convenient. The continuous introduction of financial innovations have
transformed rural financial demands. The financial radiation from urban to rural areas
needs to shift away from promoting the expansion of financial scale to improving the
quality of rural finance. Otherwise, the ineffectiveness of financial radiation will hinder the
decline of urban–rural financial imbalance in the eastern areas.

Second, the weakening of spatial linkages also slows the convergence under geo-
graphical weight. The mobility of financial resources in the Yangtze River Delta Economic
Circle and Bohai Rim Economic Circle of the eastern region during the period of financial
diffusion has weakened significantly [49], which contributes to the weakening of the spa-
tial spillovers at the geographical level. Accordingly, the intensity of radiation spillovers
decreased, which diverges from the trends of urban–rural financial imbalance in the east-
ern regions. As shown by Figure 3c–e, Shanghai’s urban–rural financial imbalance has
increased since 2004 and gradually into the fourth quartile in 2019. Jiangsu moved from the
first to the second quartile interval in 2011, and Zhejiang moved from the first to the second
quartile in 2019, chasing after Shanghai. Beijing, Tianjin, Hebei, and Shandong stayed in
the first quantile in 2011 and 2019. Guangdong has been in the fourth quartile since 2004,
affected by its neighbor Guangxi, which has a high level of financial exclusion [51]. We can
see from the above analysis that urban–rural financial imbalance diverged in the financial
diffusion stage, which prevent their convergence, as described by hypothesis 3.

At this stage, the backflow of financial resources from the eastern region to the western
region reduced financial exclusion and improved financial radiation from urban to rural areas.
Accordingly, urban–rural financial imbalances in the western provinces decreased. Coefficients
ρ and λ in columns (7) to (8) of Table 4 were not significant, indicating that spillover effects
of financial exclusion were weakened. As shown by columns (7) to (8) of Table 4, the β
coefficients were significantly negative. We can infer from the above analysis that the improved
financial radiation from urban to rural areas and weakened exclusion spillovers can enhance
the convergence in financially scarce areas, according with hypothesis 3.

In terms of the convergence mechanism, the coefficients of mpkur in Tables 3 and 4
showed negative relationships with gur in most models, suggesting that marginal returns
of capital do not drive the convergence of urban–rural financial imbalances. However,
convergence can be achieved in an interactive catch-up process between regions when
spatial spillover is considered [18]. The empirical results of this paper showed that the
spatial interactions between regions has a significant impact on the convergence of urban–
rural financial inequality during the financial agglomeration and financial diffusion phases.

The coefficients of rgov were significantly positive in most models during the financial
diffusion stage, as shown in Table 4, which follows our expectation. The coefficients of
Market were not significant in most models. From Tables 3 and 4, rfdi was significantly
positive in most models at the financial agglomeration stage, which is consistent with
our expectations. Traffic was significantly positive in both the overall Chinese sample
and the eastern sample at the financial diffusion stage, which is consistent with our ex-
pectations. This indicates that areas with better traffic conditions are more attractive to
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financial resources in urban areas, thus increasing gur. The volatility in most models
was negatively related to gur, which follows our expectations, but was only significant in
columns (1), (5) and (6) of Table 3.

4.3.4. Robustness Test

Robustness tests were carried out from two aspects in this paper. First, the spatial
weight was changed. We used the product of adjacent weight and economic weight as
the spatial weight W3, and the results are shown in Table A2. We can see that urban–rural
financial imbalances in the eastern region converged significantly in the agglomeration pe-
riod. In contrast, those in the western region converged significantly in the diffusion period.
Moreover, the positive spillover effects in the eastern and western regions were significant
during the agglomeration period while obviously decreasing during the diffusion period.
The aforementioned spatial spillover effects and spatial convergence characteristics were
consistent with those under the adjacent weight, indicating that the empirical conclusions
of spatial convergence were robust. Second, considering that the impact of the financial
crisis in 2008 may affect the urban financial system and its convergence trend, we divided
the diffusion periods into two stages, before and after the crisis, for comparative analysis.
As shown in Table A3, the coefficient of volatility in the three regions was insignificant
before and after the crisis, indicating that the output volatility caused by the financial
crisis had no apparent impact on urban–rural financial imbalance and the convergence
mechanism of urban–rural financial inequality was robust.

4.4. Further Analysis

As mentioned above, the positive spillovers under the adjacent weight weakened dur-
ing the financial diffusion period, reducing the linkage between urban and rural financial
imbalances. New spillover channels need to be stimulated to sustain the convergence of the
urban–rural financial imbalance. At this stage, with the rise of internet finance and financial
technology, spillovers in the dimension of technology and information start to play an
important role. Therefore, we further analyzed the spatial spillover and convergence of
urban–rural financial imbalances under the spatial weights of technology (Wt) and internet
distance (Wi)2. The results are shown in Tables 5 and 6.

Table 5. Convergence for urban–rural financial imbalances under technology weights (2006–2021).

China East Middle West

SAR SEM SAR SEM SAR SEM SAR SEM

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

β −0.0206 −0.0147 −0.0033 −0.0039 −0.0842 ** −0.0751 ** −0.0646 ** −0.0608 **
(0.0228) (0.0229) (0.0535) (0.0542) (0.0414) (0.0333) (0.0300) (0.0306)

mpkur 0.0053 0.0067 * 0.0133 ** 0.0135 ** −0.0068 0.0073 −0.0073 −0.0063
(0.0036) (0.0036) (0.0063) (0.0066) (0.0191) (0.0189) (0.0059) (0.0061)

market −0.0024 −0.0189 −0.0105 −0.0076 0.0104 0.1700 *** −0.0356 ** −0.0368 *
(0.0146) (0.0181) (0.0406) (0.0414) (0.0357) (0.0497) (0.0181) (0.0194)

rgov 0.0228 −0.0634 0.2396 0.2933 0.3319 −0.2265 0.1217 * 0.0979
(0.0591) (0.0645) (0.3602) (0.4332) (0.2538) (0.2842) (0.0717) (0.0771)

rfdi −0.6946 ** −0.4519 −0.4985 −0.5260 −1.0818 −0.6318 −1.6967 ** −1.5279 *
(0.3132) (0.3119) (0.4776) (0.4987) (0.6993) (0.6269) (0.7959) (0.7900)

traffic 0.0087 −0.0059 0.0366 0.0391 −0.0830 * −0.1282 *** 0.0200 0.0234
(0.0233) (0.0248) (0.0580) (0.0592) (0.0493) (0.0442) (0.0334) (0.0338)

lnedu −0.0130 −0.0279* 0.0324 0.0389 0.1027 ** 0.1344 *** −0.0111 −0.0134
(0.0143) (0.0158) (0.0419) (0.0434) (0.0446) (0.0415) (0.0144) (0.0150)

volatility −0.0863 −0.1731 −0.0573 −0.0465 0.0906 0.1385 −0.1380 −0.1566
(0.1206) (0.1373) (0.2544) (0.2592) (0.1321) (0.1507) (0.1989) (0.2226)

ρ 0.4549 *** 0.1427 0.4873 *** 0.2701 ***
(0.0631) (0.1205) (0.0918) (0.0822)

λ 0.5394 *** 0.0540 0.6689 *** 0.2769 ***
(0.0657) (0.1791) (0.0709) (0.0889)

_cons 0.0725 0.1430 −0.2919 −0.3430 −0.2752 −0.4983 *** 0.2424 ** 0.2359 **
(0.0917) (0.1040) (0.2587) (0.2683) (0.1829) (0.1756) (0.1015) (0.1048)

N 465 465 165 165 120 120 180 180
R2 0.0321 0.0121 0.0129 0.0096 0.2453 0.2152 0.1635 0.1490

Notes: ***, ** and * indicate 1%, 5%, and 10% significance level, respectively. Standard errors are in parentheses.
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Table 6. Convergence for urban–rural financial imbalances under internet weights (2006–2021).

China East Middle West

SAR SEM SAR SEM SAR SEM SAR SEM

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

β −0.0076 −0.0118 −0.0028 −0.0030 −0.0904 * −0.0728 ** −0.0653 ** −0.0635 *
(0.0238) (0.0237) (0.0532) (0.0540) (0.0473) (0.0371) (0.0310) (0.0326)

mpkur 0.0058 0.0066 * 0.0128 ** 0.0131 ** −0.0112 −0.0021 −0.0092 −0.0077
(0.0036) (0.0037) (0.0063) (0.0064) (0.0199) (0.0208) (0.0060) (0.0062)

market −0.0054 −0.0235 −0.0102 −0.0080 0.0051 0.1396 *** −0.0340 * −0.0333 *
(0.0146) (0.0174) (0.0405) (0.0410) (0.0375) (0.0528) (0.0187) (0.0199)

rgov 0.0288 −0.0659 0.2511 0.3077 0.4754 * −0.0955 0.1524 ** 0.1167
(0.0584) (0.0648) (0.3546) (0.3910) (0.2590) (0.3157) (0.0730) (0.0813)

rfdi −0.7104 ** −0.4931 −0.5489 −0.5694 −1.4553 ** −1.1201 −1.6926 ** −1.7051 **
(0.3083) (0.3269) (0.4731) (0.4772) (0.7232) (0.7116) (0.8150) (0.8174)

traffic 0.0092 −0.0174 0.0380 0.0382 −0.0890 * −0.0991 ** 0.0292 0.0184
(0.0239) (0.0253) (0.0576) (0.0589) (0.0535) (0.0457) (0.0368) (0.0401)

lnedu −0.0079 −0.0218 0.0334 0.0401 0.1265 *** 0.1091 *** −0.0081 −0.0092
(0.0146) (0.0155) (0.0414) (0.0419) (0.0473) (0.0396) (0.0149) (0.0156)

volatility −0.0554 −0.1102 −0.0639 −0.0534 0.1155 0.1171 −0.1326 −0.1480
(0.1180) (0.1334) (0.2544) (0.2607) (0.1364) (0.1578) (0.2035) (0.2243)

ρ 0.4971 *** 0.1369 0.3791 *** 0.2320 **
(0.0600) (0.1079) (0.0942) (0.1122)

λ 0.5857 *** 0.0461 0.5746 *** 0.2516**
(0.0617) (0.1344) (0.0902) (0.1231)

_cons 0.0185 0.1280 −0.2983 −0.3488 −0.3901 ** −0.4031 ** 0.2132 ** 0.2234 **
(0.0934) (0.1048) (0.2556) (0.2591) (0.1989) (0.1733) (0.1041) (0.1106)

N 465 465 165 165 120 120 180 180
R2 0.0384 0.0076 0.0143 0.0102 0.2739 0.2301 0.1767 0.1470

Notes: ***, ** and * indicate 1%, 5%, and 10% significance level, respectively. Standard errors are in parentheses.

The positive spillover effects and the convergent trends were more substantial under
the technology and internet weights than the geography weights in the middle and western
regions. As shown by columns (5)–(8) of Tables 5 and 6, both ρ and λ were significantly
positive. β was more significantly negative compared with columns (5) to (8) in Table 4.
The results show that more spatially penetrating channels were motivated through the
exchange of information and the diffusion of technology, driving the convergence of urban–
rural financial imbalances in the information and technology dimensions. However, the
spatial coefficients ρ and λ of the eastern region were not significant, making it hard to drive
spatial convergence. As shown by columns (3) and (4) of Tables 5 and 6, the β coefficient
became negative, but not significant. We can infer that the spatial interactions within
the internet and information dimensions have broken through geographical limitations,
enabling the central and western regions to take advantage of backwardness and generate
more obvious significant spatial spillovers, thus promoting the spatial convergence of
urban–urban financial disequilibrium in these areas.

5. Discussion

The existing studies have explored the convergence of urban–rural financial disequi-
librium without spillovers. In contrast, our study examined the spatial spillover effects
of provincial urban–rural financial imbalances, their heterogeneous characteristics, and
their important role in spatial convergence. The possible contribution of this study is that
we constructed a framework to analyze the spatial convergence of urban–rural financial
imbalances under spatial spillovers. It is based on the analytical paradigm of spatial process,
spatial action, and spatial convergence from the perspective of financial geography. We
used this framework to explain heterogeneous spatial spillovers formed during the spatial
process of urban financial agglomeration and diffusion, and their impact on the convergent
mechanism. Further, through the spatial econometric models, we re-examined the spatial
convergence of urban–rural financial imbalances in China from 1991 to 2021.

Our results verified the proposed hypothesis that spatial spillovers exist in provincial
urban–rural financial imbalances and influence their spatial convergence. First, urban–rural
financial imbalances showed significant spillover effects and heterogeneous characteristics.
Spillovers based on financial radiation and exclusion were apparent during financial ag-
glomeration, and decreased with geographical distance. Radiation spillovers in financially
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abundant areas promoted the concentration of provinces with low urban–rural financial im-
balance. On the other hand, exclusion spillovers in financially scarce regions contributed to
the concentration of provinces with high urban–rural financial imbalances. Second, spatial
spillovers had an essential impact on the convergence of provincial urban–rural financial
imbalance. During the financial agglomeration period, radiation spillovers from financial
centers in the eastern region drove peripheral provinces to reduce their urban–rural finan-
cial inequality, contributing to the convergence in financially abundant areas. On the other
hand, some provinces in the northwest and southwest regions were locked into the accu-
mulation of high urban–rural financial imbalances because of financial exclusion spillovers,
hindering the convergence in financially scarce areas. During the financial diffusion period,
the convergence of urban–rural financial inequality in the eastern region weakened because
of the decreased intensity of radiation spillovers. Meanwhile, convergence in the western
area improved with the decline of exclusion spillovers.

This study was subject to some limitations. Firstly, it was mainly limited to the
provincial level due to data availability. Municipal data can be considered to compare
urban–rural financial imbalances of different urban agglomerations and the impact of
spillovers on their convergence. Secondly, the spatial correlation network should be
further explored. With the increased complexity of urban spatial connections, the linkage
structure of urban–rural financial imbalances gradually developed into a complex network.
Subsequent research can use social network analysis to study their network characteristics
and more accurately investigate the spatial role of urban–rural financial imbalance in
different regions. Thirdly, this study focused on urban–rural differences in traditional
finance, and differences in digital finance require more attention in the future, especially the
impact of technology and information spillovers on urban–rural digital financial differences.
They are not constrained by geographic distances and can better reflect the spatial spillovers
of digital finance.

According to our research, it is necessary to establish a concept of spatial integration to
promote the convergence of urban–rural financial imbalances based on promoting spatial
synergy. Policy recommendations are as follows. Firstly, improve urban financial radiation
by meeting the financial demands of rural areas in different regions. Ineffective financial
radiation will lead to excessive concentration of financial resources in cities and inhibit the
convergence of urban–rural financial disequilibrium. Therefore, urban financial radiation
should be optimized regarding radiation sources and radiation channels according to
changes in rural finance. Secondly, it is necessary to reasonably use spatial spillover effects
to promote the convergence of urban–rural financial imbalance. Inclusive finance should
be promoted according to different spatial spillover effects among regions, strengthening
financial radiation spillover and suppressing financial exclusion spillover. Thirdly, new
spatial spillover channels should be activated according to the changes in the spatial
interaction mode of urban–rural financial disequilibrium. Interaction channels such as
via the transfer of information and the diffusion of knowledge, should be explored when
spillover based on geographical distance is weak. The eastern region should expand
networked and information-based spillover channels, improving the spatial dissemination
of financial technology and encouraging the financial interaction in the information and
technology dimensions. The central and western regions should continue enhancing urban–
rural information construction and the digital upgrade of rural financial institutions to
further improve the convergence of urban–rural financial disequilibrium for information
and technology adjacent regions.

6. Conclusions

This study aimed to investigate the convergent mechanism of urban–rural financial
disequilibrium under spatial spillovers. From the perspective of financial geography,
we explained the logical framework of spatial process, spatial interaction, and spatial
convergence. Then, we conducted an empirical study on the spatial convergence of urban–
rural financial imbalances in China from 1991 to 2021 under spatial spillovers. We found
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that inter-provincial urban–rural financial imbalances have obvious spatial spillovers and
influence their spatial convergence. Financial radiation and exclusion spillovers based on
geographical distance have important impacts on the convergence at the stage of urban
financial agglomeration. When such spillovers weaken during urban financial diffusion,
spatial spillovers at the level of technology and information, which are less constrained by
geographic distances, begin to play a role in spatial convergence. Following the changes in
the spatial interaction modes, it is necessary to activate different spatial spillover channels.
In summary, the spatial spillover effect should be properly utilized to weaken urban–rural
financial imbalances for the harmonious development of urban–rural finance.
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Appendix A

Table A1. Moran’s I Index of urban–rural financial imbalances in China.

Year W1 W2 W3 Year W1 W2 W3 Year W1 W2 W3

1991 0.123 ** 0.009 * 0.117 * 2002 0.299 *** 0.035 ** 0.249 *** 2013 0.383 *** 0.072 *** 0.336 ***

1992 0.153 ** 0.012 * 0.135 ** 2003 0.293 *** 0.029 ** 0.243 *** 2014 0.369 *** 0.075 *** 0.327 ***

1993 0.176 *** 0.022 ** 0.154 *** 2004 0.272 *** 0.032 ** 0.237 *** 2015 0.302 *** 0.053 ** 0.264 ***

1994 0.210 *** 0.032 ** 0.177 *** 2005 0.246 *** 0.046 ** 0.216 ** 2016 0.220 *** 0.030 ** 0.198 **

1995 0.294 *** 0.095 *** 0.268 *** 2006 0.277 *** 0.045 ** 0.229 ** 2017 0.274 *** 0.047 ** 0.238 ***

1996 0.259 *** 0.064 *** 0.220 *** 2007 0.230 *** 0.054 *** 0.207 ** 2018 0.117 * 0.024 ** 0.121 *

1997 0.190 *** 0.048 *** 0.172 *** 2008 0.100 ** 0.025 ** 0.102 * 2019 0.104 * 0.014 * 0.108 *

1998 0.123 *** 0.023 ** 0.106 ** 2009 0.409 *** 0.076 *** 0.349 *** 2020 0.090 * 0.018 * 0.093 *

1999 0.059 * 0.011 ** 0.060 * 2010 0.433 *** 0.088 *** 0.371 *** 2021 0.094 * 0.017 * 0.096 *

2000 0.120 ** 0.016 ** 0.105 ** 2011 0.438 *** 0.084 *** 0.376 ***

2001 0.215 *** 0.008 ** 0.157 ** 2012 0.419 *** 0.082 *** 0.366 ***

Notes: ***, ** and * indicate 1%, 5%, and 10% significance level, respectively.

Table A2. Conditional spatial β convergence of urban–rural financial imbalances (W3 as Spatial Weight).

SEM
1991–2003 2004–2021

East Middle West East Middle West

β −0.0793 *** −0.1775 *** −0.0177 0.0358 −0.0310 −0.0451 *
(0.0194) (0.0464) (0.0422) (0.0359) (0.0286) (0.0250)

mpkur −0.0061 * 0.0574 *** 0.0005 −0.0030 −0.0038 −0.0074 *
(0.0034) (0.0207) (0.0053) (0.0030) (0.0167) (0.0042)

market 0.0236 −0.0853 −0.0283 0.0292 0.0211 −0.0283 **
(0.0283) (0.0906) (0.0497) (0.0221) (0.0301) (0.0139)

rgov 0.2972 −0.5000 −0.0126 −0.1892 0.4076 ** 0.2161 ***
(0.4426) (0.6353) (0.0084) (0.1737) (0.1773) (0.0468)

rfdi 0.6280 *** −0.3609 0.0027 −0.2557 −0.7686 −0.7881
(0.1878) (0.7547) (0.0457) (0.2514) (0.5168) (0.5317)
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Table A2. Cont.

SEM
1991–2003 2004–2021

East Middle West East Middle West

traffic −0.0599 −0.0640 −0.0619 0.0716 *** 0.0045 0.0181
(0.0549) (0.2071) (0.1361) (0.0263) (0.0291) (0.0220)

lnedu −0.0124 0.0058 −0.0392 *** −0.0365 * 0.0308 0.0217 **
(0.0114) (0.0286) (0.0144) (0.0193) (0.0291) (0.0110)

volatility −0.0087 −0.4198 ** −0.1778 −0.1218 −0.0377 −0.0921
(0.1948) (0.2071) (0.2102) (0.1434) (0.1299) (0.1403)

λ 0.1851 * −0.0096 0.1546 *** 0.0815 0.1411 −0.0531
(0.1010) (0.0725) (0.0308) (0.0813) (0.0864) (0.1105)

_cons 0.2128 ** 0.6612 *** 0.2054 −0.0588 −0.2335 ** −0.0056
(0.0956) (0.1999) (0.1551) (0.1312) (0.1136) (0.0888)

N 132 96 144 187 136 204
R2 0.5264 0.5707 0.2415 0.1896 0.1950 0.1490

Notes: ***, ** and * indicate 1%, 5%, and 10% significance level, respectively. Standard errors are in parentheses.

Table A3. Conditional spatial β convergence of urban–rural financial imbalances during urban
financial diffusion period.

Before Financial Crisis
(2004–2008)

After Financial Crisis
(2009–2021)

East Middle West East Middle West

β 0.0583 −0.2051 *** −0.0702 −0.0275 −0.0423 ** −0.0557 ***
(0.0694) (0.0704) (0.0640) (0.0537) (0.0207) (0.0209)

mpkur 0.0006 0.0986 * 0.0041 −0.0041 * −0.0262 * 0.0027
(0.0101) (0.0571) (0.0078) (0.0021) (0.0156) (0.0046)

market 0.0008 0.5115 *** −0.1081 0.0063 −0.0108 −0.0004
(0.0840) (0.1103) (0.1287) (0.0138) (0.0298) (0.0141)

rgov 0.1160 1.7423 *** 0.1989 −0.1666 0.0640 −0.0695
(0.8931) (0.6220) (0.2124) (0.1378) (0.2278) (0.0509)

rfdi 1.1809 −2.8120 ** 0.6086 −0.0763 −0.7139 0.8263
(1.6626) (1.4338) (1.5863) (0.1461) (1.0102) (0.6304)

traffic 0.0910 −0.1277 * 0.0897 0.2211 *** 0.0887 ** −0.0417 *
(0.0840) (0.0673) (0.0838) (0.0566) (0.0417) (0.0245)

lnedu −0.0629 0.3938 *** 0.0147 −0.0868 * −0.1404 *** −0.0200 *
(0.0618) (0.0913) (0.0371) (0.0452) (0.0293) (0.0118)

volatility −1.1980 −0.7213 −0.7399 −0.1062 −0.0754 −0.1585
(1.2400) (0.6694) (0.5715) (0.0692) (0.1222) (0.1614)

ρ 0.0098 0.0706 −0.6182 *** 0.0046 0.0318 0.1167
(0.0787) (0.1293) (0.2170) (0.0415) (0.1058) (0.1128)

_cons −0.1473 −1.8124 *** 0.0272 0.1673 0.6384 *** 0.2491 ***
(0.4359) (0.3680) (0.3128) (0.2186) (0.1184) (0.0810)

N 44 32 48 132 96 144
R2 0.3502 0.5770 0.0733 0.1333 0.4777 0.2594

Notes: ***, ** and * indicate 1%, 5%, and 10% significance level, respectively. Standard errors are in parentheses.

Notes
1 Yu et al., (2017) showed that China’s regional financial diffusion began in 2005 [49]. However, urban financial diffusion would be

earlier than that of the regions. Therefore, based on the Theil index in this paper, we defined urban financial diffusion as starting
from 2004.

2 Wt and Wi are the reciprocal of the technology distance and information distance of the two provinces, respectively. Technology
distance is the difference in the number of patent audits per capita. Information distance is the difference in the percentage of
people with internet access. By comparing the different time periods, it was found that the spillovers of these two channels were
more significant after 2006, so the sample interval was set as 2006–2021.
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