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ABSTRACT ARTICLE HISTORY
This study examined the effect of digital financial inclusion in Received 1 June 2022
reducing the urban-rural income inequality in China. Based on city- Accepted 4 December 2022

level panel data, the results showed that digital financial inclusion
narrowed the urban-rural income gap significantly by boosting ST .
. . Digital financial inclusion;

economic growth. The results were robust when the core explained ) .

. . . L urban-rural income gap;
variables were replaced. Heterogeneity analysis showed that digital Theil index
financial inclusion indicates regional differences in narrowing the
urban-rural income gap. This study puts forward corresponding JEL CODES
countermeasures for the development of digital financial inclusion G21; 011; R13
and adds to the research on this very topical subject.
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1. Introduction

China’s economy has expanded rapidly since its reform and opening up to foreign
investment and trade (Huang et al., 2019; Sheng et al, 2021; Wuttke, 2017).
However, with this rapid economic growth, the unbalanced development between
urban and rural areas, which may deteriorate social stability and fair governance, has
gradually become prominent (Koh et al., 2020). Urban-rural income inequality plays
an important role in economic shocks on democracy (Kotschy & Sundeshow, 2021)
and may lead to labour-market polarisation (Furusawa et al., 2020). Thus, the focus
of the Chinese government shifted to balanced and coordinated development, and
narrowing the gap between urban and rural areas has become an important goal (Yu
& Wang, 2021).

Existing research generally concurs that financial development can help alleviate
enterprises’ external financing constraints (Levine, 2005). Financial support is an
effective means to reduce poverty and increase income, and a lack of finance may
lead to a widening income gap owing to financial constraints (Yu & Lu, 2021).
Finance can optimise resource allocation (Tian et al., 2021), reduce financing
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constraints (Madrid-Guijarro et al., 2016), promote household consumption (Li et al.,
2020), and increase economic growth (Ye et al., 2021).

Financial inclusion refers to a financial system that can effectively and comprehen-
sively provide services to all social classes and groups. Financial inclusion emphasises
a wide range of service targets and low-cost financial service products. The main
service targets include rural residents, small and medium-sized enterprises, urban
low-income groups, and older adults. Its original intention was to enhance financial
accessibility services by improving financial infrastructure and providing convenient
and low-cost financial services in underdeveloped areas and to low-income individu-
als (Guo et al., 2019). Financial inclusion increases low-income groups’ access to
finance, thereby increasing their income and narrowing the urban-rural income gap
(Satya & Chakravarty, 2013; Schmied & Marr, 2016). An inclusive financial market
provides affordable and equitable access to financial products to all households and
entrepreneurs, especially to the most marginalised ones (Corrado & Corrado, 2017).

Digital technologies have played a positive role in making finance more inclusive
(Ji et al., 2021; Khera et al., 2022), improving farmers’ income (Liu et al., 2021) as
well as leading to inclusive economic growth (Yi & Zhou, 2018). The resultant new
business model that combines finance and digital technologies is called ‘digital
finance’ (Huang & Huang, 2018). Differing from traditional financial services, digital
finance can overcome geographical barriers (Zheng, 2014) and enhance the economic
correlation between regions (Guo et al., 2019). Moreover, it stimulates the entrepre-
neurial behaviour of rural residents and equalises entrepreneurial opportunities
(Zhang et al., 2019).

As the core of information and communication technology, the Internet has devel-
oped rapidly since the 1990s (Li et al., 2020). It has penetrated all aspects of eco-
nomic development, and a digital economic development model has gradually been
established (Bican & Brem, 2020; Cruz-Jesus et al., 2017). The rapid development of
digital technologies such as big data and cloud computing has laid a solid foundation
for Digital Financial Inclusion (DFI). The concept of DFI was first introduced in
2016 at the G20 Summit in Hangzhou. As a combination of digital technology and
financial inclusion, DFI refers to ‘all actions that promote financial inclusion through
digital financial services’.' In 2019, the Ministry of Industry and Information
Technology of China defined DFI as ‘the provision of equal, effective, comprehensive
and convenient financial products and services to all people, especially to the low-
income people in urban areas, people in rural and remote areas and micro and small
enterprises, under the premise of cost control and sustainable models, with various
digital technologies as a condition for realisation’.

DFI is a new type of financial industry that uses digital technologies on the basis
of financial inclusion; it broadens the service scope, improves the accessibility, and
reduces the cost of financial inclusion and makes it more commercially sustainable.
DFI enhances the risk management ability based on technology innovations, reduces
information asymmetry, lowers financing thresholds by recording customers’ pay-
ments of utility bills and living expenses, benefits users of financial services and eco-
nomic sustainability (Ozili, 2018), and leads to social inclusion (Cnaan et al., 2021).
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Figure 1. Provincial Digital Financial Inclusion and Theil index 2011-2019.
Source: created by the authors based on the annual China statistical yearbooks.

DFI has experienced rapid development in China. At the provincial level, the DFI
index has grown from around 50 in 2011 to nearly 320 in 2019. In addition to this
inclusive financial index, China’s digitalisation level has risen rapidly. The incomes of
urban and rural residents have also increased considerably following the development
of the economy. In terms of the urban-rural disparity shown in Figure 1, the Theil
index and the urban-rural income gap at the provincial level peaked in 2004, and has
been showing an annual decreasing trend annually ever since.

According to the 2020 China Inclusive Finance Indicators Analysis Report, inclu-
sive financial services like small and micro loans have grown rapidly. As shown in
Figure 2, the balance of inclusive small and micro loans was approximately $2.16 tril-
lion by the end of 2020, having increased by 30.3% since 2019. In 2020, inclusive
small and micro loans supported a total of 32.28 million small and micro business
entities, a figure that had also increased by 19.4% since 2019.

The literature has hitherto considered DFI from various perspectives. Zhang
et al. (2019) postulated that DFI could effectively promote innovation and entrepre-
neurship, whereas Yi and Zhou (2018) noted that DFI could increase household
consumption. Li and Feng (2020) and Song (2017) opined that DFI narrows the
income gap between urban and rural areas. Ren and Li (2019) asserted that DFI
could promote the inclusive development of rural areas. Based on the financial
deepening theory, Wang et al. (2022) showed that financial inclusion positively
enhances green economic efficiency.
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Figure 2. Inclusive finance loan balance and small and micro financial inclusion growth rate.
Source: created by the authors based on the annual China statistical yearbooks.

Almost all existing studies related to the urban-rural income gap in China are
based on empirical analyses at the provincial level, with only a few studies focusing
on the city level. In addition, when existing studies remeasure the urban-rural
income gap, they mainly use the absolute income gap, which is the difference
between urban and rural residents’ per capita disposable income, and the Gini coef-
ficient derived from Lorenz curve as explained variables. However, these variables
may ignore the income gap among regions as well as the dynamic changes caused
by urban-rural population mobility. The Theil index is an important tool and a
widely used indicator to study the regional unevenness, income distribution discrep-
ancy, and carbon inequality and it appears frequently in the academic literature
(Clarke-Sather et al., 2011; Du et al., 2020; Remuzgo & Sarabia, 2020). The property
of decomposability of the index makes it particularly useful in measuring socio-eco-
nomic inequality (Sarabia et al., 2017). Thus, this study used city-level panel data to
study the effect of DFI on the urban-rural income gap by using the Theil index to
measure this gap, as this index can better reflect the dynamic changes that occur.
Factors affecting income inequality have been widely investigated in existing studies
(C. Chen, 2016; D. Chen & Ma, 2022; Greaney & Li, 2017; Zhu et al., 2020). As
digital finance, which relies on innovative technologies such as intelligent algo-
rithms, big data and cloud computing, further expands the reach and depth of serv-
ices of financial inclusion, DFI may become a new path for narrowing the
urban-rural income gap and addressing regional imbalances. Based on panel data of
DFI in China that were collected at the city level, we hope to analyse the possible
impact of DFI on narrowing the urban-rural income gap from a new perspective
and provide experiences for other developing countries, which is the motivation of
this research. This study further analysed the mechanism by which DFI narrows the
urban-rural income gap.

The primary contribution of this study to the literature is that, to the best of our
knowledge, this study is the first to consider the effect of DFI on both alleviating pov-
erty and narrowing the urban-rural gap by using city-level panel data based on the
Theil index during 2011-2018. Second, this study is expected to provide insightful
information and act as a beneficial reference for other countries and regions.
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2, Theoretical framework and hypothesis (H)
2.1. Assumptions of the model

Smith’s theorem states that labour division and specialisation enable people to pro-
duce different products to meet diverse needs (Kamei, 2014; Legros et al., 2014;
Smith, 2008). Producers must pay transaction fees during product transactions, and
people are looking for an equilibrium point between specialisation and transaction
costs. Transaction cost is a key factor in labour division and specialisation, and labour
division will lead to a geometric increase in transactions costs (Becker & Murphy,
1992). When the benefits of labour division and specialisation outweigh the transac-
tion fees, an autarky will evolve through an economy of labour division and special-
isation, as people will conduct transactions through market behaviour to meet their
diversified consumption needs.

This study assumes that an economy consists of a total number of producer-
consumers (P), with no pure producers or pure consumers, and people produce final
product (Y) by inputting labour (L) and capital (C). Among them, capital is an inter-
mediate product provided by financial institutions, which financial institutions need
to invest in labour L when providing financial products and services to consumers.
Under the specialised division of labour, there are transaction costs for the transac-
tion of product Y and capital product C. Assuming e€(0,1) is the transaction effi-
ciency coefficient, the higher the transaction efficiency, the lower the transaction cost
will become. Assuming that each producer-consumer’s monetary income from selling
products is equal to the sum of monetary expenditure for buying goods (i.e., no sav-
ings and no credit), there would be little incentive for production, as the entrepreneur
would not be making any profit.

2.2. Model establishment

2.2.1. Benchmark model
Following Yang (2001) and Yang and Ng (1993), the following benchmark model of
specialised decision-making by producer-consumers has been constructed, based on
the above assumptions:

Objective function:

Max u=y+yqs*e, (1)
Production function:
y+y=10, cte =L 2)
Aggregate output:
Yt =Y+ ys = min [c + ecxcg, I, — a] (3)

¢t = ¢+ ¢, = min [c + es*cg, I — b 4)
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Time constraints:

L +1l=1 (5)

DcCs + PyYs = PcCa + PyYa (6)

In function (1), u represents the utility of the producer-consumer. The utility
maximisation of the producer-consumer depends on self-sufficiency y of the final
product, and purchase amount y,. e, is the transaction efficiency of the final product.

In function (2), [ is the amount of labour required to produce y, a is the learning
cost during the specialised production of final product y (0 <a< 1), I is the amount
of labour required to produce capital product ¢, and b is the learning cost in the pro-
cess of specialised production of capital goods (0 <b < 1).

In function (3), y; is the total output of the final product, including self-sufficiency
y plus market sales y;.

According to the Leontief production function, total output depends on the min-
imum value of capital and labour input, where ¢ and ¢, represent the self-sufficiency
and market supply of capital goods, respectively, and e. is the transaction efficiency
of capital goods.

In function (4), capital product ¢; includes the self-sufficiency ¢ plus market
supply c;.

In function (5), labour is equitably allocated between capital goods and final prod-
ucts; that is, time constraint is 1 owing to the limited labour endowment.

In function (6), according to Walras’s law, the sum of the monetary income of
each producer-consumer from the sale of the product is equal to the sum of the
monetary expenditure of the purchased product. p. and p, denote the prices of capital
and final goods, respectively.

Producer-consumers need to consider two decision-making models: the self-suftfi-
cient decision-making model (Autarky, A) and specialised division of labour deci-
sion-making model (Professionalisation, P). As this study analyses the effect of DFI
on incentivising consumers-producers, it mainly considers the specialised division of
labour model; that is, producer-consumers use financial services to execute a special-
ised division of labour to generate more income.

DFI improves transaction efficiency e, of capital products and services. This study
further conducted an ultra-marginal analysis of the model to examine the effect of
financial product efficiency e, on producer-consumer utility u.

2.2.2. Ultra-marginal decision model

Under the specialised production decision-making model, the super-marginal deci-
sion-making mode of the manufactured goods’ production department is y/c. The
production department produces y by purchasing financial product ¢ from financial
institutions. Then, [, = 1, l. = ¢ = ¢; = y; = 0. The producer’s target utility functions
for product y are as follows:

Max uP, =y (7)
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Y¢ =Y+ ys = min[esxcg, 1 — al (8)
tyys = t.Cq (9)

These can be further denoted as follows:

y=" (10)
€c
(1 — a)xt,
Y= (11)
ecxt,
1-— ki, — e
up, — (1 — a)x(esxt, ) (12)

eckty

Under the specialised production decision-making model, the ultra-marginal deci-
sion-making model of financial institutions is ¢/y. Financial institutions satisfy the
producer-consumer purchasing y’s consumption demand by providing self-produced
products and services c. At this stage, [, = 1, [, = y = y, = ¢4 = 0, and the decision-
making objective utility function of the financial institutions are as follows:

Max uP. = e,yq (13)
¢=1—b (14)
tc}’s = tcq (15)

This can be further denoted as follows:

(1 — b)x*t,
Ya=——"7— (16)
Y
ubP, :m (17)
t
Y

According to the equality of utility and market clearing conditions at general equi-
librium, production sector y and financial institution ¢ must satisfy uP, = uP,,
Lya = Lyys, or Lccg = Lycg, where L. and L, represent the number of labourers in
the financial and productive sectors, respectively. To achieve increased income under
the condition of satisfying general equilibrium, there must be an increase in the
income of people with the same per capita income. The formula for solving people’s
per capita income under general equilibrium conditions is as follows:

(1= a)x(1 — b)xece,
4= (14+a)+(1 —b)*ecey (18)
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It can be concluded that per capita utility u is an increasing function of transaction
efficiency e, of financial institutions; that is, the improvement of transaction efficiency
of financial institutions will increase people’s per capita income. Therefore, DFI
reduces the cost of financial services by facilitating accessibility for small- and
medium-sized market players and low-income persons, thereby increasing the dispos-
able income of low- and middle-income individuals and narrowing the urban-rural
gap. Macroeconomic theory holds that finance, as one of the production factors, can
effectively promote economic growth, which can significantly increase national
income. Therefore, H1 is proposed:

H1. DFI is conducive to narrowing the urban-rural income gap.

Although China applied and implemented a DFI development strategy relatively
early, there are large differences in the DFI development level between regions. On
the one hand, because of different communication infrastructure conditions, the con-
ditions for the development of DFI differ across regions. On the other hand, in the
eastern region with a relatively developed private economy, the development of city
commercial banks has greatly promoted the growth of digital inclusive finance.
Therefore, H2 is proposed:

H2. Different DFI levels generate different effects in narrowing the urban-rural

ncome gap.

DFI is an important focus of China’s financial supply-side structural reform. By
constantly sinking into county-level villages, the service targets of DFI have expanded
from the original financial poverty alleviation to small and micro enterprises and cus-
tomers in the agricultural sector; that is, rural areas and farmers. Although middle-
and low-income groups in urban areas are the main beneficiaries of DFI, almost all
households in rural areas benefit from DFI. Especially during the COVID-19 pan-
demic, DFI has provided a strong guarantee for financial and payment services in
rural areas, enabling financial services to be effectively embedded in the production,
distribution, circulation, consumption, and other links of agricultural products. This
is an important contribution to the balanced and optimised development of the eco-
nomic structure. Therefore, H3 is proposed:

H3. DFI narrows urban-rural income gap via boosting economic growth by benefiting
most rural households.

China is currently facing the problem of unbalanced development among different
regions. Owing to the existing differences in basic infrastructure, business environ-
ment soundness, marketisation level, and development level varies among the east,
middle, west, and northeast regions. Thus, the development of DFI is expected to
have regional heterogeneity effects on boosting regional economic growth and nar-
rowing urban-rural income inequalities. Therefore, H4 is proposed:

H4. DFI may lead to a disequilibrium effect on urban-rural income inequality
among regions.

Though widely regarded as an upgraded version of traditional inclusive finance,
DFI is still essentially a financial service; therefore, its development path and effect
on economic growth and urban-rural income inequality will still be affected by
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dimensions such as coverage breadth, depth of use, and level of digitisation. These
three sub-criteria of DFI will have different effects on narrowing the urban-rural
income inequality. H5 is proposed:

H5. Coverage breadth, depth of use, and level of digitisation of DFI may generate
different effects on narrowing urban-rural income inequality.

3. Empirical design
3.1. Model construction

To empirically test the theoretical hypothesis listed above, it is necessary to test
whether DFI can narrow the urban-rural income gap by increasing the income of
rural households. The mediating effects model is widely used in empirical studies in
the field of social science research (Rucker et al., 2011; Zhao et al., 2010). Compared
to similar studies that simply analyse the effects of independent variables on depend-
ent variables, mediating effect models allow for the analysis of the processes and
mechanisms of independent variables on dependent variables, and therefore media-
ting effect models are not only methodologically sound but also usually yield more
in-depth results (Zhang, 2019). Following Liu et al. (2021), the mediating effect model
below is established:

Theil; s = By + ByIFL s + ByZi+ + &1 (19)
Med;; = vy + v IFl + v, Zi  + & (20)
Theil; s = po + WIFL: + poMed; t + 1W3Zi s + € (21)

Function (19) analyses the relationship between the urban-rural income gap and
DFL. In function (19), Theil;; is the explained variable, expressed as the urban-rural
income gap measured by the Theil index. IFI;; is the core explanatory variable, repre-
sented by the development level of DFI in each city. Z;; is a set of control variables.
€1, €, and g&; are the random disturbance terms of each model, respectively. i repre-
sents the city, and t the year. To verify the mechanism that digital inclusive finance
can narrow the urban-rural income gap, the mechanism models, and function (20)
and (21) are established. Med; ; in function (20) is the intermediary variable, which is
set as economic growth in this study, and other variables are consistent with for-
mula (19).

3.2. Data and variables

The data in this study are mainly from The Institute of Digital Finance of Peking
University, which selected hundreds of millions of pieces of micro-data from a repre-
sentative digital financial institution in China to compile The Peking University
Digital Financial Inclusion Index” of China, covering 337 cities in Mainland China
from 2011-2018. The index charts DFI development trends in different regions of
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China. The data used to calculate the Thiel index and proxies for control variables
were obtained from the China Urban Statistical Yearbook, which provides a compre-
hensive dataset of the economic and social development of Chinese cities from 2012
to 2019. The period of this study is 2011-2018, and after removing sample cities with
incomplete data, we obtained a panel data of 209 cities for 8 years, with a total popu-
lation of 1,672 samples. The variables used in the study are as follows.

3.2.1. Explained variables and explanatory variables

The absolute or relative value of income gap or Gini coefficient are usually adopted
as indicators of income gap between urban and rural sectors. This study used the
Theil index to measure the urban-rural income gap among Chinese cities, as it can
reflect the sensitivity of population changes to the income changes of both high- and
low-income groups. The specific calculation method is as follows:

) bt

=3 (2 (y>
Theil = S 22
¢ =1 <yf>*n /(x]’t) )

In function (22), j=1, 2 represents urban and rural residents, respectively; y; ; is
the disposable income of urban (j=1) or rural (j=2) in year t ; y; represents the
total disposable income in year t; x;; is the urban (j=1) or rural (j=2) population
in year t; and x; represents the total population in year t. Generally, the smaller the
Theil index is, the smaller the urban-rural income gap will be.

The DFI index is based on Peking University’s DFI index, based on big data from
the Ant Financial Services Group. Released in 2019, the index covers the DFI index
for various Chinese cities from 2011 to 2018. It objectively and comprehensively anal-
yses the development of DFI in China from the multi-level and diversity perspectives
and makes the development of DFI in China more visible. It also includes provincial,
municipal, and county-level indices, thereby describing the development of DFI in
China in detail.

The index includes three sub-dimensions of digital financial service: coverage,
depth of use, and degree of digitisation. Among them, coverage considers third-party
payment accounts bound to bank cards. First, because the account holder can better
manage materials and financing through the third-party payment function after bind-
ing the bank card, the coverage of financial services will be wider. Second, the depth
of use considers account holders’ use of digital finance in conducting services such as
payment, credit, investment, purchase of monetary funds or insurance, and uses cus-
tomer activity and actual total usage to measure the real use of digital finance. Third,
the degree of digitalisation results from the convenience of inclusive finance and its
low cost, whereas the credit perspective reflects the value of DFI. The larger the
index, the better the development of DFI, and the more opportunities for farmers
and low-income groups to enjoy financial products and services, which are more
likely to increase income and narrow the urban-rural income gap.
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Figure 3. Development of digital financial inclusion in prefecture-level cities 2011-2018.
Source: made by the authors based on the data from The Peking University Digital Financial Inclusion Index of China.

The time span of the city-level DFI index is 2011-2018. Overall, China’s digital
finance has grown rapidly during this period. According to the trend of the index
from 2012 to 2018 (Figure 3), the country’s municipal DFI index shows decreasing
development from the east to the west. The development of the DFI in the northeast
region is higher than that in the western region.

3.2.2. Controlled variables

Based on the existing research on inclusive finance and the urban-rural income
gap, this study selected economic growth, urbanisation rate, fiscal expenditure struc-
ture, foreign investment, and fiscal expenditure structure as control variables
as follows:
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e Regional economic development was measured by the per capita gross domestic
product (GDP) of each region;

e Urbanisation was calculated by the proportion of the permanent urban population
in the total population in each region;

e Government fiscal expenditure was measured by the proportion of a city govern-
ment’s fiscal expenditure of GDP;

e Foreign investment was expressed as the logarithm of foreign direct investment
in each city;
Finance was represented by each city’s loan balance; and
The urban-rural income gap was measured as the difference between the dispos-
able incomes of urban and rural residents (Table 1).

4. Empirical analysis®
4.1. Statistical description

The statistical characteristics of all variables are shown in Table 2. To avoid spurious
regression analysis caused by data instability, LLC test method is adopted to conduct
panel unit-root test before empirical analysis, and the result is shown in Appendix
Table Al. All variables have passed the significance test and are stationary. Then, Kao
test is used to conduct panel co-integration test. The result in Appendix Table A2
shows there is a long-term stable relationship among variables.

Table 1. Variable list.

Variables Symbol Definition
Dependent Theil index Theil Theil index
Independent Digital Financial Inclusion Index DFI Peking University Digital Inclusive
Finance Index
Controlled Economic growth gdp Logarithm of per capita GDP of each city
Urbanisation level urban Urban population as ratio of total
population of each city
Government expenditure govexp Government expenditure as ratio of GDP of
each city
Foreign direct investment invest Logarithm of real foreign direct investment
of each city
Finance finance Loan balance at the end of each year
Urban-rural income gap gap The per capita disposable income of urban

residents divided by the per capita
disposable income of rural residents

Source: made by authors with reference to related literatures.

Table 2. Statistical characteristics of the variables.

N Mean Std. Dev. Min Max

Theil 1,672 0.082 0.044 0.011 0.201
IFI 1,672 156.318 61.537 38.390 260.340
gdp 1,672 10.662 0.571 9.588 11.851
urban 1,672 1.554 1.243 0.000 3.009
govexp 1,672 0.487 0.228 0.126 0.953
invest 1,672 0.016 0.018 0.000 0.072
finance 1,672 2.754 1.723 1.111 8.661
gap 1,672 2426 0.495 1.687 3.484
area 1,672 2.033 1.000 1 4

Source: made by authors.
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Additionally, this study evenly divided the DFI index into four intervals, as shown
in Table 3, for which the minimum value was 17.02 and the maximum 302.98. In the
above four intervals, multiple differences were observed in the DFI index, regional
economic development, Theil index, and urban-rural income in terms of mean and
sample size. It can be gleaned from Table 3 that, with the improvement of the DFI
index, local economic development has gradually increased on average, whereas the
Theil index and the urban-rural income gap have declined steadily. The DFI index of
most cities in China was between 88.51 and 231.51, accounting for 71% of all cities.

4.2. Baseline regression analysis

Based on the above theoretical analysis, Table 4 shows the benchmark regression analysis
results of the DFI index on the urban-rural income gap. The effects of DFI on regional eco-
nomic growth and the Theil index were tested and are presented in columns (1) and (2) of
Table 4, respectively. According to the results in column (1), the total utility of DFI in pro-
moting economic growth is significantly positive, which is consistent with the correlation
between DFI and regional economic growth in Table 3. Column (2) indicates that DFI sig-
nificantly reduces the urban-rural income gap, denoted by the Theil index. To deal with
endogeneity, we introduced the first-order lag value of DFI as an instrumental variable in col-
umns (3) and (4) of Table 4, and the results were consistent with the basic regression analysis.

From the regression analysis results of models (1) to (4), DFI has a significant
effect on narrowing the urban-rural income gap regardless of methods applied or
control variables added. Therefore, H1 is supported.

Table 3. Group description of digital financial inclusion and Theil index.

DFI Range Mean IFI Mean Ingdp Mean Theil Mean gap N
[17.02-88.51) 60.58 10.327 0.1023 2.6978 307
[88.51-160.01) 128.271 10.535 0.0872 25172 512
[160.01-231.51) 196.698 10.834 0.0733 2.2561 674
[231.51-302.98] 249.781 11.318 0.0664 2.0322 178

Source: made by authors.

Table 4. Benchmark regression.
m o) ®3) @)

Variables Ingdp Theil IV_Ingdp IV_Theil
DFI 0.0029%** —0.00027%** 0.00377#** —0.0003***
(0.0001) (0.0000) (0.0002) (0.0000)
govexp 0.0110 —0.0003 0.0081 0.0009
(0.0154) (0.0023) (0.0314) (0.0007)
invest 0.8829** 0.0188 0.9757** 0.0125
(0.3481) (0.0200) (0.4678) (0.0093)
urban —0.0057 —0.0015%* —0.0022 —0.0036™**
(0.0043) (0.0006) (0.0027) (0.0005)
finance —0.0782%+* —0.0001 —0.0846** 0.0002*
(0.0090) (0.0003) (0.0383) (0.0001)
Constant 10.3913%** 0.1212%%* 10.3718%** 0.1370%**
(0.0262) (0.0031) (0.0705) (0.0042)
Method FE FE vV v
N 1,441 1,648 1,235 1,442
R-squared 0.6605 0.3593

Note: *, **, and *** denote the 10%, 5%, and 1% statistical significance levels, respectively; the values shown in
brackets are standard errors.
Source: made by authors.
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4.3. Group test

To investigate the effect of DFI on the promotion of economic development and nar-
rowing the urban-rural income gap under different development conditions, we div-
ided the overall sample into two groups according to the average value of the DFI
index: a lower degree of DFI development and a higher degree of DFI development.
According to the results in columns (1) and (2) of Table 5, DFI still positively pro-
motes economic growth and narrows the urban-rural income gap in cities with low
DFI development. Columns (3) and (4) show the regression analysis results after add-
ing the first-order lag of DFI as an instrumental variable, which is consistent with the
previous conclusion in Table 4.

According to the results in columns (1) and (2) of Table 6, the advancement of
DFI in cities with better DFI development has significantly promoted economic
growth and narrowed the urban-rural income gap. Columns (3) and (4) present the

Table 5. Regression result of low DFI group.
m @ 3 4)

Variables Ingdp Theil IV_Ingdp IV_Theil
DFI 0.0026%** —0.00027%** 0.0030*** —0.0004***
(0.0001) (0.0000) (0.0003) (0.0000)
govexp 0.1753%* —0.0393* 0.1273 —0.0353
(0.0915) (0.0211) (0.1488) (0.0223)
invest 0.6057 0.1112 1.0945 0.1086
(0.6637) (0.1531) (0.7455) (0.1444)
urban —0.0595 —0.0070 —0.0688*** —0.0022
(0.0460) (0.0106) (0.0123) (0.0025)
finance —0.0064 —0.0005 —0.0109 0.0032
(0.0158) (0.0036) (0.0473) (0.0023)
Constant 10.2459%** 0.1490*** 10.2181%** 0.1486***
(0.1227) (0.0283) (0.1343) (0.0136)
Method FE FE \% \"
N 812 812 606 606
R-squared 0.5742 0.1539

Note: *, **, and *** denote the 10%, 5%, and 1% statistical significance levels, respectively; the values shown in
brackets are standard errors.
Source: made by authors.

Table 6. Regression result of high DFI group.
m o) ®3) @)

Variables Ingdp Theil IV_Ingdp IV_Theil
DFI 0.0026*** —0.0002%** 0.0023%** —0.0002***
(0.0003) (0.0000) (0.0004) (0.0000)
govexp 0.0089 0.0000 0.0095 0.0000
(0.0144) (0.0006) (0.0147) (0.0003)
invest —0.6941 0.0008 —1.0807* —0.0002
(0.5019) (0.0059) (0.6401) (0.0037)
urban —0.0019 —0.0004 —0.0073 —0.0006***
(0.0057) (0.0003) (0.0062) (0.0002)
Finance —0.12871%** 0.0002** —0.1264** 0.0002***
(0.0139) (0.0001) (0.0505) (0.0001)
Constant 10.7120%** 0.10571%%* 10.79127%%* 0.1075%**
(0.0725) (0.0023) (0.1670) (0.0031)
Method FE FE [\ v
N 629 836 629 836
R-squared 0.4845 0.5028

Note: *, **, and *** denote the 10%, 5%, and 1% statistical significance levels, respectively; the values shown in
brackets are standard errors.
Source: made by authors.
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regression analysis results after adding the first-order lag of DFI as an instrumental
variable, which is consistent with the previous conclusions. A comparison between
Tables 5 and 6 reveal that DFI promotes regional economic growth more successfully
in cities with a lower degree of DFI development and indicates the existence of differ-
ent effects of DFI levels on narrowing urban-rural income gap. This verifies H2.

4.4. Robustness test

To test the robustness of the regression analysis results, we adopted three robustness
tests. First, to test whether the empirical results are equally robust across variables
and samples, we replaced the explained variable with another variable, gap, which
represents the per capita disposable income of urban residents divided by the per
capita disposable income of rural residents. Moreover, we used gap as a moderator
variable to test the effect of DFI on regional economic growth when there was a gap
between urban and rural areas. Columns (1)-(3) of Table 7 show that the promotion
effect of DFI on regional economic growth was still significant and had a significant
effect in narrowing the urban-rural income gap.

Second, to avoid potential endogeneity of the regression results, we adopted the
instrumental variable regression method. The key to the instrumental variables
approach is to find the right instrumental variables; following Lokshin and Mohnen
(2013), we used the first-order lag of DFI as the instrumental variable. Columns
(4)-(6) display the results when the first-order lag of DFI was added as an instrumen-
tal variable, which is consistent with the previous regression analysis results, thus
indicating that the regression analysis results are robust.

Third, the year 2015 was added as a policy variable to exclude possible interference
from other factors and to test whether the impact of DFI on narrowing the urban-ru-
ral income gap might have been overestimated. Rural entrepreneurship is an import-
ant way to increase farmers’ income (Ji et al,, 2021; Zhu et al., 2022). The push for

Table 7. Robustness test.
1 ) ®3) (4) (5) (6)

Variables Ingdp gap Ingdp IV_Ingdp IV_gap IV_Ingdp
DFI 0.003%*** —0.003*#* 0.003%** 0.00309%*** —0.00374%** 0.00294%**
(0.000) (0.000) (0.000) (0.000203) (0.000399) (0.000209)
gap —0.047%%* —0.0399**
(0.011) (0.0190)
govexp 0.011 —0.005 0.012 0.00827 0.00701 0.00924
(0.015) (0.043) (0.015) (0.0316) (0.0223) (0.0311)
invest 0.852%* —1.120%%* 0.720** 0.930** —1.098** 0.818%**
(0.338) (0.375) (0.337) (0.435) (0.496) (0.412)
urban —0.005 —0.001 —0.005 —0.00186 —0.0285%* —0.00298
(0.004) (0.012) (0.004) (0.00266) (0.0118) (0.00251)
finance —0.079%** 0.005 —0.082*** —0.0847** 0.00757 —0.0875%*
(0.009) (0.005) (0.009) (0.0378) (0.00563) (0.0363)
Constant 10.406*** 2.820%** 10.547%%* 10.39%** 3.036%** 10.52%**
(0.026) (0.058) (0.041) (0.0704) (0.0893) (0.0845)
Method FE FE FE % v v
N 1,462 1,672 1,462 1,253 1,463 1,253
Adjusted R-squared 0.599 0.071 0.605

Note: *, **, and *** denote the 10%, 5%, and 1% statistical significance levels, respectively; the values shown in
brackets are standard errors.
Source: made by authors.



16 H. SHEN ET AL.

mass entrepreneurship and innovation (MEI) was first put forward by the Premier Li
Keqiang at the Summer Davos Forum held in Tianjin in 2014. The goal of MEI was
to encourage people nationwide to start their own businesses, especially to promote
farmers’ entrepreneurship, increases farmers’ income, and reduces the urban-rural
income gap.* Due to possible delays in the implementation of the policy across China
and the fact that the Chinese government launched the policy towards the end of
2014, we used the year 2015 as the policy year to analyse whether the implementation
of the policy would affect the role of DFI in reducing the urban-rural income gap.
According to the regression results, the effect of DFI on narrowing the urban-rural
income gap remained significant after we add the 2014 policy, which shows that the
regression results above are stable (see Appendix Table A3 for details).

Fourth, we examined the impact of DFI on narrowing the rural-urban gap at dif-
ferent sample periods by artificially dividing the sample period into three time peri-
ods: 2011-2014, 2015-2018, and 2013-2016 (see Appendix Table A4 for details). It
can be seen that DFI significantly reduced the urban-rural income gap in all time
periods, again validating the robustness of the empirical results.

5. Mechanism and heterogeneity analysis
5.1. Mechanism analysis

The benchmark regression analysis and robustness tests above demonstrate the sig-
nificant effect of DFI in narrowing the urban-rural income gap. The theoretical part
showed that DFI increases the accessibility and coverage of financial services for low-
income groups. On this basis, this study examined the mechanism by which DFI nar-
rowed the urban-rural income gap from the perspective of economic growth.
Column (1) of Table 8 shows that DFI significantly promotes regional economic
growth; specifically, in columns (2) and (3), the regression analysis coefficients of DFI
and GDP are both significantly positive, indicating that the development of DFI has
effectively promoted economic growth, and then economic growth has contributed to

Table 8. Mechanism channel analysis.

(1) ) @) (4) (5)
Variables Ingdp Inpcrinc Inpcrinc gap gap
DFI 0.0021%*** 0.0040%** 0.00477%%* —0.0027%** —0.0011%**
(0.0001) (0.0000) (0.0001) (0.0002) (0.0003)
gdp 0.0347* —0.6303***
(0.0196) (0.1039)
govexp 0.0032 0.0076 0.0058 —0.0013 0.0229
(0.0111) (0.0075) (0.0077) (0.0436) (0.0406)
invest 1.1865%** —0.1343%* —0.6536%** —1.1453%** —2.1650%*
(0.2476) (0.0651) (0.1725) (0.3800) (0.9106)
finance —0.0397%** —0.0018* —0.0046 0.0047 —0.1063***
(0.0066) (0.0009) (0.0046) (0.0054) (0.0245)
Constant 10.0886*** 8.7009%** 8.38827%** 2.8310%** 9.3679%**
(0.0174) (0.0066) (0.1984) (0.0383) (1.0503)
Method FE FE FE FE FE
N 1,441 1,640 1,434 1,648 1,441
R-squared 0.8227 0.9491 0.9484 0.1926 0.2360

Note: *, **, and *** denote the 10%, 5%, and 1% statistical significance levels, respectively; the values shown in
brackets are standard errors.
Source: made by authors.
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an increase in the average income of rural people. The regression analysis coefficients
of DFI and GDP in columns (4) and (5) are both significantly negative, indicating
that the development of DFI significantly promotes economic growth. Subsequently,
economic growth has effectively narrowed the urban-rural gap. This finding supports
H3, indicating that digital inclusive finance narrows urban-rural income gap via
boosting economic growth, where most households in rural areas benefit from.

5.2. Heterogeneity analysis

5.2.1. Regional heterogeneity analysis

Considering regional fixed effects, the area characteristic variable (area) was assigned
values from 1 to 4 for the east, middle, west, and northeast, respectively, according to
the official government division method. According to columns (1)-(4) of Table 9,
the impact of DFI on the Theil index of the cities in eastern, central, western, and
north-eastern China shows different effects. DFI has the greatest effect on the
urban-rural income gap in the central region, and the effects in the eastern and west-
ern regions are analogous. However, DFI is not significant in reducing the urban-ru-
ral income gap in north-eastern China, thus verifying H4.

5.2.2. Heterogeneity analysis of sub-indicators

The main purpose of inclusive finance is to expand the scope and coverage of finan-
cial services so that farmers and low-income individuals can enjoy financial products
and services at a lower cost, thereby narrowing the urban-rural income gap through
rural poverty reduction. Therefore, this study used the three sub-indicators of the
DFI index—coverage breadth, depth of use, and digitalisation degree—to test the het-
erogeneous effect of DFI in narrowing the urban-rural income gap. Columns (1), (3),
and (5) of Table 10 examine the effects of coverage, usage, and digitisation level,
respectively, on narrowing the urban-rural gap when no control variables were
added. In columns (2), (4), and (6), after adding control variables, DFI significantly

Table 9. Heterogeneity test.

M )] 3 4
East Middle West Northeast
Variables Theil Theil Theil Theil
DFI —0.0002*** —0.0003*** —0.0002%** —0.0001
(0.0000) (0.0000) (0.0000) (0.0001)
govexp 0.0029 0.0054 —0.0126 —0.0001
(0.0084) (0.0079) (0.0129) (0.0051)
invest —0.0575 0.0028 0.3025* 0.0279
(0.0521) (0.0282) (0.1743) (0.0531)
urban —0.0010 —0.0026*** —0.0030%** 0.0022
(0.0007) (0.0008) (0.0013) (0.0048)
finance 0.0005 0.0001 —0.0007 —0.0004
(0.0006) (0.0003) (0.0006) (0.0017)
Constant 0.1237%** 0.1208%*** 0.1265%** 0.1028***
(0.0064) (0.0048) (0.0069) (0.0192)
Method FE FE FE FE
N 648 480 384 160
R-squared 0.5019 0.5675 0.3559 0.0765

Note: *, **, and *** denote the 10%, 5%, and 1% statistical significance levels, respectively; the values shown in

brackets are standard errors.
Source: made by authors.
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Table 10. Heterogeneity Test.

m 2 3) 4 (5) (6)
Variables Theil Theil Theil Theil Theil Theil
coverage_breadth —0.0002*** —0.0002***
(0.0000) (0.0000)
usage_depth —0.0002%** —0.0002***
(0.0000) (0.0000)
digitization_level —0.0002*** —0.0001***
(0.0000) (0.0000)
govexp —0.0000 —0.0006 —0.0009
(0.0023) (0.0024) (0.0023)
invest 0.0157 0.0303 0.0239
(0.0196) (0.0204) (0.0201)
urban —0.0006 —0.0026*** 0.0011%*
(0.0006) (0.0008) (0.0005)
finance —0.0002 0.0003 —0.0005*
(0.0003) (0.0003) (0.0003)
Constant 0.1171%%* 0.1195%** 0.1113*** 0.1219%** 0.11171%%* 0.1076***
(0.0013) (0.0029) (0.0012) (0.0036) (0.0012) (0.0026)
N 1,672 1,672 1,672 1,672 1,672 1,672
R-squared 0.3701 0.3709 0.3055 0.3131 0.3311 0.3356

Note: *, **, and *** denote the 10%, 5%, and 1% statistical significance levels, respectively; the values shown in
brackets are standard errors.
Source: made by authors.

narrowed the urban-rural income gap in each city through the effects of coverage,
usage, and digitisation level. Overall, the effect of two sub-indicators of DFI, coverage
breadth and depth of use, has a more pronounced effect on narrowing the urban-ru-
ral income gap than that of the digitisation level.

6. Discussion

The significant negative relationship between DFI and the Theil index indicates that
DFI has an actual effect on narrowing the urban-rural income gap, thus verifying
H1. By dividing DFI into high and low development levels to study the effect of the
different development levels on the urban-rural income gap, this study finds that, in
cities with low DFI development levels, DFI can better promote economic growth
and reduce the urban-rural income gap to a greater extent. Therefore, the above find-
ings validate H2.

The possible explanation is three-fold. First, DFI not only increases the coverage of
financial services and improves the financial service network, but also reduces the
risks and costs of financial services and improves the availability of financial services
at the individual level. Cities with higher DFI development level typically have a bet-
ter economic development foundation and development momentum. Compared to
cities with a higher DFI development level, those with a lower DFI development level
cannot achieve stable economic growth because of a lack of economic momentum.
As a new driving force for development, DFI has brought a new development
impetus to relatively underdeveloped regions. When the financing needs of innovative
small- and medium-sized enterprises in underdeveloped regions are improved, the
production vitality of the private economy will be stimulated, and the supply struc-
ture of the real economy will be optimised. Second, when the capital needs of low-
income groups are met, the consumption vitality of residents will also be stimulated,
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thereby stimulating economic growth by increasing domestic demand. Therefore,
under the balance of supply and demand in the real economy, DFI can not only opti-
mise the financial supply structure but also realise the ideal co-development of
finance and the real economy by optimising the supply and demand structure of the
real economy. Third, it is possible that the lower the level of economic development
in a region, the wider and deeper the financial exclusion. Therefore, the greater the
space for DFI to develop, the better the effect of promoting economic growth and
narrowing the urban-rural income gap in the region.

To address the concern of narrowing the urban-rural income gap, the per capita
income of residents in rural areas must be increased. The mediating effect model
shows that DFI narrows the urban-rural income gap by increasing per capita income
in rural areas, thus validating H3. By dividing all cities into eastern, central, western,
and north-eastern regions, this study was able to examine the regional heterogeneity
effect of DFI on narrowing the urban-rural income gap. We find that DFI has the
greatest effect on narrowing the urban-rural income gap in the central region. The
effect is similar in the eastern and western regions. However, it is smallest and most
insignificant in the north-eastern region. Therefore, H4 is also verified.

By analysing the effect of the three sub-dimensions of DFI, coverage, depth of use,
and degree of digitalisation on narrowing the urban-rural income gap, this study
finds that the two sub-indicators, namely breadth of coverage and depth of use, have
similar effects on narrowing the urban-rural income gap. The effect of the degree of
digitisation on narrowing the urban-rural income gap is smaller than that on the
other two sub-indicators; thus, H5 is verified.

The results of this study are consistent with the findings of previous studies (Li
et al., 2022; Li et al., 2022; Ji et al., 2021). Unlike existing studies, based on datasets
from the Digital Finance Research Centre of Peking University and the China Urban
Statistics Yearbook, this study investigates the impact of DFI on narrowing the
urban-rural income gap based on the Thiel index in China. We attempted to explore
a new path to narrow the urban-rural income gap from the perspective of new
emerging DFI, revealing the regional heterogeneity of the impact of DFI on the
urban-rural income gap.

7. Conclusions and policy implications

Based on the panel data of 209 Chinese prefecture-level cities from 2011 to 2018, this
study used the Peking University DFI index to empirically analyse whether DFI can
narrow the urban-rural income gap. We found that (1) the development of DFI has
significantly improved regional economic growth and narrowed the urban-rural
income gap; (2) compared with cities with more advanced DFI, the development of
DFI was relatively low, and in low-level cities, DFI played a greater role in narrowing
the urban-rural gap; and (3) the mechanism test showed that DFI mainly increased
the income of rural residents by promoting regional economic development, thus
effectively narrowing the urban-rural income gap. A qualitative analysis found
regional differences in the effect of DFI on narrowing the urban-rural gap. Among
them, DFI had the greatest effect on narrowing the urban-rural income gap in the
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central region, followed by the gap in the eastern and western regions; however, it
had no significant effect on the gap in the north-eastern region. The three sub-
dimensions of DFI—coverage, usage, and digitisation level—had a significant effect
on narrowing the income gap between urban and rural areas. Coverage and usage
had a greater effect on narrowing the gap than the digitisation level.

Accordingly, our policy recommendations are as follows. First, DFI in the central
and western regions should be further encouraged to increase the availability of
financial services for the low- and middle-income groups, especially for people in
rural areas. Second, the construction of information platforms should be strengthened
to reduce financial institutions’ cost of acquiring customers through improving the
credit recognition of low- and middle-income groups. Third, while improving the
accessibility and affordability of financial services for rural people with a relatively
low social status, it is suggested that financial institutions should retain the non-per-
forming loan rate at a low level.

However, our study is not without limitations. The China Urban Statistical
Yearbook includes data on the disposable income of urban and rural residents but
does not contain relevant information on entrepreneurship. Thus, in terms of mechan-
ism testing, this study cannot verify whether DFI can effectively increase farmers” income
by helping rural residents to start businesses, thereby narrowing the urban-rural income
gap. Therefore, in future studies, the mechanism of DFI on narrowing the urban-rural
gap based on the entrepreneurship of urban and rural residents should be explored.

Notes

1. https://www.gpfi.org/publications/g20-high-level-principles-digital-financial-inclusion
(accessed on 19 Oct. 2022).

2. We collected and sorted the DFI data from the following link: https://en.idf.pku.edu.cn/

achievements/seriesofdigitafinanceindexes/490847.htm

Empirical analyses were conducted using STATA MP Version 16.0.

4. http://english.www.gov.cn/premier/news/2017/07/12/content_281475723086902.htm
(accessed on 19 Oct. 2022).
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Appendix
Table A1. Panel unit-root test.
Variables LLC P Result
Theil —34.7061 <.001 Stable
IFI —63.7945 <.001 Stable
Gdp —62.5188 <.001 Stable
Urban —42.4131 <.001 Stable
Govexp —15.3708 <.001 Stable
Invest —15.0872 <.001 Stable
Finance —5.1581 <.001 Stable
Gap —44.8311 <.001 Stable
Source: made by authors.
Table A2. Panel co-integration test.
Co-integration test t P
Modified Dickey-Fuller 3.5153 .0002
Dickey-Fuller 24.3457 <.001
Augmented Dickey-Fuller 8.1865 <.001
Unadjusted modified Dickey-Fuller 3.9082 <.001
Unadjusted Dickey-Fuller 24.5155 <.001
Source: made by authors.
Table A3. Robustness test with additionally policy factor.
M ) (€) (4)
Variables Ingdp Theil Ingdp Theil
DFI 0.0030%** —0.0002%** 0.0034*** —0.0003***
(0.0001) (0.0000) (0.0002) (0.0000)
Govexp 0.0087 —0.0008 0.0046 0.0009
(0.0154) (0.0023) (0.0294) (0.0007)
Invest 0.9136%** 0.0187 1.0846** 0.0126
(0.3481) (0.0199) (0.4601) (0.0093)
Urban —0.0079* —0.0020%** —0.0037 —0.0036***
(0.0044) (0.0006) (0.0026) (0.0005)
Finance —0.0759%** —0.0001 —0.0808** 0.0002*
(0.0091) (0.0003) (0.0375) (0.0001)
2015 Policy —0.0227* —0.0053%** —0.0348%** —0.0005
(0.0119) (0.0018) (0.0093) (0.0011)
Constant 10.3829%** 0.12027%%* 10.3389%** 0.1367***
(0.0266) (0.0031) (0.0729) (0.0046)
Observations 1,441 1,648 1,235 1,442
R-squared 0.6615 0.3633

Note: *, **, and *** denote the 10%, 5%, and 1% statistical significance levels, respectively; the values shown in
brackets are standard errors.

Source: made by authors.
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2015-2018 2011-2014 2013-2016
m ) 3) (4) (5) (6)

Variables Ingdp Theil Ingdp Theil Ingdp Theil
DFI 0.0037%** —0.0001%** 0.0027*** —0.0002%** 0.0033%** —0.0003***

(0.0002) (0.0000) (0.0001) (0.0000) (0.0003) (0.0000)
Govexp —0.0066 —0.0004 0.0255 —0.0334* 0.3035%** —0.0070

(0.0093) (0.0004) (0.0905) (0.0179) (0.0811) (0.0058)
Invest 0.0043 0.0022 0.1055 0.1311 2.5586%** 0.1925%**

(0.3521) (0.0033) (0.7340) (0.1453) (0.6894) (0.0494)
Urban 0.0042 —0.0002 0.0506 —0.0458** 0.0027 —0.0021%**

(0.0036) (0.0001) (0.1055) (0.0209) (0.0063) (0.0005)
Finance —0.1220%** 0.00071%** —0.0044 —0.0036 —0.0756*** 0.0000

(0.0102) (0.0000) (0.0140) (0.0028) (0.0147) (0.0007)
Constant 10.3514%%* 0.0945%** 10.1289%** 0.2494%** 10.1338%** 0.1342%%*

(0.0510) (0.0015) (0.2556) (0.0506) (0.0779) (0.0054)
Observations 617 824 824 824 823 824
R-squared 0.7364 0.5534 0.4966 0.1602 0.3039 0.4362

Note: *, **, and *** denote the 10%, 5%, and 1% statistical significance levels, respectively; the values shown in
brackets are standard errors.
Source: made by authors.
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