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Abstract

Using the statistical data of 280 prefectural-level cities in China from 2011 to 2020, this

paper empirically tests the relationship between digital finance and residents’ income in a

linear and nonlinear model based on the G-J model theory, respectively. The study aims to

discuss and analyze the impact of digital finance development on income distribution in the

context of the current situation of digital finance development in China and further explore

how to make digital finance better regulate the income distribution of residents. The innova-

tion of this paper is to use two nonlinear methods to verify the Kuznets effect and threshold

characteristics of digital financial development affecting the income distribution of residents

based on linear analysis and explore the relationship between n digital economic develop-

ment the current income gap more comprehensively. The study shows a Kuznets effect of

digital finance development on the income distribution of Chinese residents. Thus, most

regions in China have not yet crossed the inflection point of the bell-shaped curve, and the

income gap within areas will continue to increase with the development of digital finance. By

constructing a threshold model, it is found that the positive effect of digital finance on income

disparity may initially increase with the increase of regional economic level. Still, when the

regional economic development reaches a higher stage, the effect will tend to fall back. As a

result, the negative impact of digital finance development on residents’ income distribution

will be significantly reduced at that time.

I. Introduction

As a product of combining digital technology with traditional finance, digital finance necessar-

ily has financial attributes that no longer rely on the physical channels that traditional finance

depends on, are more penetrating at the geographic level, and have lower cost advantages [1–

3]. Based on theories of financial development and income distribution, we find that academ-

ics seek consensus and exploration and extension of the issue, but all acknowledge the critical

role that finance plays in income distribution [4, 5]. In the era of the digital economy, digital

finance has become an essential engine of financial development everywhere. Thus, it plays a

vital role in both inter-regional development and intra-regional development. However, differ-

ent scholars have different views on the impact of digital finance development on the current

domestic income distribution [6–8]. Some scholars argue that the inclusive nature of digital
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finance significantly reduces the gap in income distribution, that access to payments, credit,

and digital financial services in rural areas will contribute substantially to intra-regional inclu-

sive growth, and that digital payment instruments can effectively converge the current urban-

rural income gap in China [9, 10].

In contrast, digital finance has more than a simple linear impact on the income distribution

of the population, but there are some nonlinear features such as threshold characteristics [11,

12]. Since digital technologies that drive inclusive financial development have thresholds such

as infrastructure, practical application, and institutional environment, the existence of thresh-

old effects allows digital economic growth to have different impacts on income distribution in

other regions and financial exclusion [13–15]. The integration of inclusive finance and digital

technologies is insufficient, and low-income groups still face multiple difficulties in accessing

essential financial services. We found that low-income people tend to have less education and

limited knowledge of finance and the Internet and that digital finance relies on a critical vehi-

cle of electronic devices. A significant proportion of low-income groups have unequal access

to digital financial applications due to their lack of access to appropriate electronic devices or

inability to acquire proper Internet knowledge [16, 17]. A concept that must be mentioned

here is the digital divide. The inequality in income and education levels of different population

segments implies a gap in their access to and processing of information. The digital divide will

exacerbate the information blockage of information-poor groups, limiting their opportunities

and ways to achieve income generation and creating a new type of stratification. Thus, the

essence of the digital divide is an economic divide [18–20].

Collating the current research results, it is easy to find that the existing literature systemati-

cally arguing the relationship between digital finance development and income distribution of

residents is relatively limited, and there is still room for further exploration in terms of theoret-

ical and empirical studies [6, 11, 21] Therefore, based on the existing literature, this paper

mainly measures the Gini coefficient of income of each prefecture-level city in China and dis-

cusses and analyzes the impact of digital finance development on domestic income distribu-

tion in the context of the current situation of digital finance development in China, and

further explores how to make digital finance better regulate the income distribution in China,

to contribute to cracking the currently faced "uneven distribution The paper will discuss and

analyze the impact of digital finance development on domestic income distribution, and fur-

ther explore how digital finance can better regulate income distribution in China, and contrib-

ute to solving the current problem of "uneven distribution".

Compared with existing studies, this paper may have the following innovation: most cur-

rent articles on digital finance and income distribution discuss the linear relationship between

the two. At the same time, some representative literature advocates another view that the rela-

tionship between digital finance development and income distribution may have nonlinear

characteristics. However, considering the current situation of digital finance development and

income distribution in China and the related mechanism of digital finance development on

income distribution, it is reasonable to suspect that the two are linearly related and probably

have a more complex inner connection. Therefore, based on the linear analysis, this paper

adopts two nonlinear methods to verify the Kuznets effect and threshold characteristics of digi-

tal financial development affecting the income distribution of residents, to explore the rela-

tionship between digital economic growth and the current income gap more comprehensively,

and to explain the recent phenomenon of "digital divide" in China.

In addition, the current literature on income disparity mainly focuses on urban and rural

areas. At the same time, the Gini coefficient measures the overall regional income disparity,

and there is almost no research on the relationship between digital finance and the general

regional income distribution. In this paper, we use the Gini coefficient, the most common
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international indicator, to measure the imbalance of regional income distribution [22, 23]. We

use the current Gini coefficients of urban, rural, and all residents in 280 prefecture-level cities

to explore the impact of the recent digital finance development on China’s income distribution

and fill the gap in the current research on the relationship between digital finance and overall

income distribution in China.

II. Literature review

1. Study on the relationship between digital finance and income

distribution

(Ren et al., 2018) [24] used the Peking University Digital Inclusive Finance Index to explore

the mechanism of the current digital inclusive policies implemented in China on the income

distribution of urban and rural residents. The development and application of digital technol-

ogy dramatically improve the current income of residents. Its effect on the income improve-

ment of urban residents is more prominent and has a heterogeneous impact on the income

improvement of different groups in urban and rural areas [25]. Found that the implementation

and development of regional digital finance can significantly increase the income level of resi-

dents [26]. Used panel data at the provincial level in China from 2011–2015 to confirm

through an econometric model that the current digital inclusive finance in China has a positive

impact on narrowing the income gap between urban and rural areas within regions [27]. Com-

piled data from 2004–2014 in China and applied the VECM model to find that digital financial

development can effectively promote the development of inclusive finance within regions in

China. The increasing level of inclusive finance development has contributed significantly to

the equalization of income distribution in China [28, 29]. Argue that the digitalization of tradi-

tional industries only benefits the wealthy class in that industry, which will lead to more signif-

icant class differentiation. [30], who argue that the "digital divide" between countries around

the world, between regions in China, and within areas should be guarded against as a challenge

for governments at all levels as digital technology continues to evolve. As we can see, many

scholars have pointed out that the development of digital technology is likely to widen the gap

of income distribution based on the previous one. However, other scholars, such as [31, 32],

use data from less developed countries to demonstrate that mobile network coverage can help

markets function better and improve the welfare of low-income people.

2. Studies related to digital finance and rural poverty reduction

[33] conducted an empirical study on the development of communication infrastructure and

farmers’ income in China and found that the increase in the availability of basic communica-

tion equipment in China did not improve the current income level of farmers and that there

was "digital exclusion" in rural areas [34]. Found that the effective transmission of information

in the digital financial system significantly increased the selling price of fresh agricultural prod-

ucts. Therefore the effective provision of timely and accurate market information is important

for improving farmers’ effectiveness in the current digital environment, which is the key to

narrowing the digital divide [35]. Found that rural laborers who use digital networks are more

likely to be employed off-farm than those who do not use digital networks. The use of the

Internet greatly increases their probability of starting a business, which contributes to a consid-

erable extent to the increase in farmers’ income and effectively alleviates the gap between the

rich and the poor between urban and rural areas [36]. Focused on poverty concentration

zones in western China and found that the development of digital finance in poor regions has

a single threshold characteristic effect on the incidence of local poverty [37]. Examined the
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effect of digital finance policies in China at both county and inter-provincial levels and found

that it played a vital role in reducing the urban-rural income gap at the early stage of digital

finance development. Still, this effect was only concentrated in the contiguous special hardship

zones. Due to the lack of financial knowledge of rural groups, the phenomenon of "elite cap-

ture" of agricultural loans is serious, and the poverty benefit of digital finance-related policies

has not been significantly reflected.

Early on [38], argues that digital finance can create a "digital divide" among low-income

populations. [38–41], using relevant data from developing countries in Asia and Africa, mobile

network coverage effectively improved the operational efficiency of agricultural markets,

increased the price of locally sold agricultural products, and significantly improved the welfare

of both parties to the transaction. This significantly improved the welfare of both parties

involved in the transaction, resulting in a significant increase in the intra-regional economy.

[42], focusing on Internet development in rural areas, most rural residents suffer from a high

level of digital financial exclusion, with self-exclusion being the main factor in digital exclu-

sion. In addition, the article also finds that farmers who are excluded by traditional credit are

also more vulnerable to Internet credit exclusion, and it can be argued that poor farmers bene-

fit from digital financial development with little impact [43]. Argues that the increased level of

financial inclusion brought about by digital finance helps to reduce poverty, thereby reducing

the income distribution gap.

3. Path mechanisms of digital finance affecting income distribution

Employment dimension: During the development of digital finance, rural residents’ access

to credit has been broadened, and using the Internet, rural residents can start their busi-

nesses at a lower cost than before. The development of digital finance has, to some extent,

increased the viability of entrepreneurship among rural groups, significantly alleviating their

poverty-causing nature in this dimension and increasing farmers’ income. Many scholars

have focused on the profound impact of digital finance development on the employment of

the population [44]. Focused on the relationship between female entrepreneurship and

Internet use, which proved that the use of the Internet significantly contributed to the overall

employment of the women group and that the use of the Internet could effectively help mar-

ried, low-education, and agricultural women to obtain employment [45]. Used a multivariate

Probit model to verify the impact of Internet use on individual employee behavior and

employment quality, and found that Internet use significantly increased the likelihood of

individuals engaging in standard employment and opportunity entrepreneurship, but had

the potential to widen regional due to the low Internet use skills of the poor as well as disad-

vantaged groups [46] studied the impact of regional Internet availability on local productive

life using national data and concluded that intra-regional Internet penetration is effective in

increasing local employment levels and that this effect is more pronounced in less developed

rural areas. [47], using county-level data from the United States, households’ access to the

Internet significantly increased their probability of employment. This effect was also more

pronounced in rural and remote areas. Other scholars have argued that the mass use of

smart devices in the digital economy will impact the employment of low-skilled workers and

may lead to the marginalization of low-skilled workers, resulting in a widening of the income

distribution gap [48]. Demonstrated through an empirical study that the increase in the use

of industrial machines between 1990 and 2007 was an important reason for the deterioration

of the local labor job market in the U.S. The number of machine applications is closely

related to the corresponding pay of workers. The increase in their number will lead to a

decrease in the average salary of workers. In contrast [49], argue that emerging technologies
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such as artificial intelligence and machine learning do not significantly affect the current

division of labor and labor market.

Credit level: the inclusive digital finance that has been landing in the process of digital

finance development has dramatically alleviated the credit constraints of residents in rural

areas and the financing constraints of small enterprises, which is conducive to widening the

employment channels of low-income groups. Therefore, many scholars have explored the

mechanism of the Internet’s effect on income distribution in terms of its impact on credit con-

straints [50], empirically verified the impact of digital finance on the credit constraint of farm-

ers’ groups and demonstrated the positive driving impact of digital finance on the

entrepreneurship of rural groups [51]. Confirmed that digital finance significantly alleviates

the credit constraints faced by households in general and found that it has more significant

consumption incentives for families in less developed regions through heterogeneity analysis

[7]. Suggest that "crowdfunding" by digital finance can complement traditional entrepreneur-

ial financing methods.

4. Literature review

The current literature consistently defines digital finance’s connotation and affirms its signifi-

cance to the recent social development. Digital technology provides a practical solution for the

current financial growth in inclusive development. The advantages it shows in supporting the

development of inclusive finance significantly reduce the distance between various groups

enjoying financial services. The vast majority of scholars affirm its inclusive benefits. There is a

consensus that digital economic development can raise urban and rural residents per capita

disposable income. Still, the level of income enhancement for different groups of people is not

the same, which has led to the consideration of the impact on the income distribution gap.

Currently, academics hold the following three views on the relationship between digital

finance development and income distribution: The first type is that digital finance develop-

ment will reduce the income gap. This view is usually based on the inclusive nature of digital

finance, which is believed to have a more substantial effect on raising the income of rural peo-

ple and low-income groups, thus significantly reducing the income gap between urban and

rural residents. The second type of view is that the development of digital finance will increase

the income gap. It is believed that digital finance is more beneficial to the affluent class, and

the "digital divide" will appear between low-income and high-income groups due to the exis-

tence of digital technology, which requires our vigilance. The third type of view is that the rela-

tionship between the development of digital finance and the income gap shows a Kuznets

effect. There are not many studies of this kind.

The critical impact of digital finance development on the current income distribution has

become a consensus in the academic field, so this paper carries out a theoretical and empirical

study on the real issue of digital finance and income distribution based on the previous studies.

The depth of digital finance use and the regional Gini coefficient is used to measure the devel-

opment of digital finance and the regional income distribution, respectively, to conduct a com-

prehensive analysis of the current situation of digital finance development and income

inequality of residents, and to analyze the inner mechanism of the actual situation. Further-

more, based on the data of prefecture-level cities, we explore the nonlinear relationship

between digital finance development and income inequality and introduce the threshold

model to analyze the threshold effect of digital finance development in different regional eco-

nomic development levels, refine the impact of its role in various economic levels, which is

closer to the current national situation, and provide more accurate guidance for national pol-

icy formulation.
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III. Method

1. Variable selection

(1) Income disparity (GINI). Gini coefficient is the current internationally recognized

authoritative indicator that can measure the imbalance of income distribution in a country or

region; this paper uses the statistical yearbook of each prefecture-level city to divide the income

into five equal groups to measure the Gini coefficient, the larger the GINI value represents the

greater the degree of income distribution imbalance within the region.

In this paper, the Gini coefficient is measured using the five equal groups of income in the

statistical yearbooks of each prefecture-level city. In the statistical yearbook of each prefecture-

level city in China, the relative income disparity between urban and rural areas is divided into

five equally spaced groups, from lowest to highest: lowest, lower, middle, higher and highest,

and the Gini coefficient of each prefecture-level city are derived from the following equation.

G ¼ 1 �
1

PW

Xn

i¼1

Wi� 1 þWið Þ � Pi

P denotes the overall population of the area; W denotes the population’s total income; Wi

represents the cumulative income sum to group i.

In this paper, we use the above formula to calculate the Gini coefficients of urban and rural

residents’ incomes for 280 prefectures and use the "group weighting method" to calculate the

Gini coefficients of residents’ incomes for each prefecture-level city as a whole.

G ¼ P2

c
uc

u
Gc þ P2

r
ur

u
Gr þ PcPr

uc � ur

u

Where: Pc represents the proportion of the urban population to the total population; uc rep-

resents the per capita income of urban residents; Gc represents the Gini coefficient of urban

residents’ income of each prefecture-level city; Pr represents the proportion of the rural popu-

lation to the total population; ur represents the per capita income of rural residents; Gr repre-

sents the Gini coefficient of rural residents’ income for each prefecture-level city. u Represents

the overall per capita income of each prefecture-level city.

Using the above equation, this paper calculates the Gini coefficient of all residents’ income

for 280 prefecture-level cities from 2011 to 2020.

(2) Level of digital finance development (DE). To accurately portray the development

status of digital finance and conduct in-depth research in the digital field, we must establish

scientific indicators to measure the degree of development of digital finance within a region. It

is inaccurate to consider only the breadth of digital account coverage within an area. Still, it is

more important to consider the deepening of the use of digital finance in each region to more

accurately portray the development status of digital finance. In this paper, we use the depth of

use index in the Digital Financial Inclusion Index jointly compiled by the Digital Finance

Research Center of Peking University and Ant Financial Services Group to describe the devel-

opment of digital finance in each region of China. The study contains a comprehensive

description of the current development and evolution of digital finance in China and has been

used in much literature on digital finance.

The index is based on data from Ant Financial Services’ transaction account data, a com-

prehensive measure of the current development of digital finance in China at all levels, and has

strong credibility. Moreover, its educational value is becoming more and more apparent as the

number of people using the data for application research increases. The Digital Inclusive

Finance Index contains three major dimensions: breadth of coverage, depth of use, and degree

of digitization within this index system. In this paper, we measure the development of digital
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finance in China by using the depth of use, which is a secondary indicator in the Chinese digi-

tal inclusive finance system. The depth of use index covers six business modules, namely, pay-

ment, credit, insurance, investment, money fund, and recognition, which summarize all

aspects of digital finance in modern economic and social development, and thus we believe

that the depth of use index within a region can well represent the development of digital

finance in that region.

(3) Control variables. The level of economic development (GDP), expressed as GDP per

capita. Considering that the existence of an inverted U-shaped relationship between economic

growth and income distribution has been verified in previous literature, both the primary term

(rgdp) and the second term (rgdpsq) of GDP per capita are included in the model in this

paper. Foreign direct investment (fdi) is obtained as the share of the actual foreign direct

investment utilized by each prefecture-level city in the regional GDP. The external openness

(open) is measured as the share of total import and export trade within prefecture-level cities

in the GDP of prefecture-level cities. Urbanization level (urb), measured as the proportion of

the urban resident population to the total population at the prefecture level. Internet penetra-

tion rate (user) is measured by the ratio of Internet users to a municipality’s total population at

the prefecture-level. Financial development level (FD), the article uses the related financial

ratio—FIR indicator (deposit and loan balance of financial institutions/GDP of each prefec-

ture) to measure the economic development level of the region. For education level (edu), the

article draws on previous literature. It uses the ratio of the number of students enrolled in pub-

lic secondary and elementary school in prefecture-level municipalities to the total population

of the prefecture-level city as a measure of the education level of the region.

2. Data sources

Considering the availability and consistency of data, this paper takes 2011–2020 as the sample

period. Therefore, it excludes missing samples, covering a total of 280 prefecture-level cities in

28 provinces in mainland China, including the Digital Financial Development Index from the

Digital Inclusive Finance Development Report compiled by Peking University, and the data

required for other variables from the China City Statistical Yearbook, the provincial and pre-

fecture-level city statistical yearbooks, The other variables are obtained from the China City

Statistical Yearbook, local and prefectural-level municipal statistical yearbooks, prefectural-

level municipal “Government Work Report” and prefectural-level municipal “National Eco-

nomic and Social Development Statistical Bulletin.” The regression analysis was conducted

using STATA15.1 software, and the descriptive statistics of the main variables of interest are

given in Table 1 below.

3. Model construction

This paper first constructs the following linear panel model to verify the linear relationship

between the development of digital finance and the distribution of residents’ income.

GINIit ¼ b0 þ b1 � DEit þ b2CVit þ mi þ εit ð1Þ

where: i and t represent each prefecture and year, respectively; DEit represents the digital finan-

cial development level of area i in year t; CVit represents a set of control variables affecting the

income gap in the region; μi represents the unobserved factors associated with each prefecture

that do not vary over time; εit is white noise, meaning the random error term obeying a stan-

dard normal distribution.

At different stages of social development, the development of digital finance presents a dif-

ferentiated impact on the income distribution of the population. At the primary set of digital
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financial products, not everyone can afford to pay for computers and Internet devices such as

cell phones due to the limitations of socio-economic development. The first to use Internet

technology and participate in digital finance is a group of wealthy people. The poor cannot

access digital financial services because they cannot pay for essential equipment. Therefore,

there is a wealth threshold for participation in digital finance. However, the rich do not lack

the cost of paying for electronic devices and thus can enjoy digital financial services without a

threshold, often obtaining higher returns from digital finance. The continuous development of

digital finance further relaxes the credit constraints of the wealthy. As a result, it increases the

rate of return that the rich can obtain by renting out their capital, further advancing the wealth

accumulation of the wealthy.

In many cases, the poor cannot start and invest freely due to financial constraints, thus lim-

iting their capital gains. In the initial stage of digital finance development, the advancement of

Internet technology will increase total social wealth. Still, this benefit is more favorable to the

wealthy class, and the increased wealth is less in the pockets of the poor, so the income gap is

widened. However, as economic development continues to rise, digital finance development is

further improved, the access threshold is gradually lowered, and the poor also have access to

the Internet and digital financial services. Thus the credit constraints of the poor are more

comprehensive than before, and they can use more funds for entrepreneurship, which slows

down the income gap with the wealthy class.

Overall, in the initial development stage of digital finance, the income inequality within the

region will deteriorate, and digital finance hurts the regulation of income distribution within

the area. In contrast, only when digital finance rises to a particular stage within the region, its

subsequent development will help adjust the internal income distribution gap. Based on the

above analysis, we introduce the quadratic term of digital finance development and construct

the Kuznets model about residents’ digital finance development and income distribution.

Based on the initial regression of the linear model above, the paper proceeds to test the Kuz-

nets effect of the impact of digital financial development on income distribution. The model is

set up as follows.

GINIit ¼ a0 þ a1 � DEit þ a2 � DEitsqþ a3 � CVit þ mi þ εit ð2Þ

Here, the primary and secondary terms of digital financial development are simultaneously

included in the regression equation. If α1 > 0 and α2 < 0 hold simultaneously, the bell-shaped

relationship between digital economic development and income distribution is verified.

Table 1. Descriptive statistics of the main variables.

Variables Mean Standard deviation Minimum value Maximum value

GINI 0.453 0.068 0.138 0.782

DE 153.184 65.148 4.186 325.357

rgdp 4.995 3.538 0.568 53.598

fdi 0.285 0.378 0 3.859

open 0.218 0.637 0 9.259

urb 55.956 14.558 0.412 100

user 1.063 0.828 0.245 9.659

FD 2.549 1.868 0 27.359

edu 0.168 0.318 0.058 0.549

https://doi.org/10.1371/journal.pone.0263915.t001
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IV. Results and discussion

1. Linear model regression results

In this paper, the regression equations are estimated in the mixed model (Pooled), random

effects model (RE), and fixed effects model (FE), and here, to make the coefficients more intui-

tive, we divide the index of digital financial development level (DE) by 100, adjust it to a

benchmark variable of 1, and multiply the Gini coefficient by 100. The regression results are

shown in Table 2. Here, the level of digital financial development (DE) is taken as the core

explanatory variable, and (1)-(3) are the estimated results obtained from the model after

including a series of control variables. The main focus here is on the effect of the core variable,

the level of digital financial development (DE).

For the choice of the panel data model to be estimated, we first calculate the statistics to test

whether to choose the fixed effects model or the random-effects model. Hausman’s test value

is 26.10, and the corresponding p-value is 0.001, which rejects the original hypothesis. Thus,

the fixed effects model is chosen, so column (3) results are more reliable. Therefore, the coeffi-

cient estimate of DE here is 1.885, which means that, on average, a one-unit increase in the

digital financial development index, controlling for other variables, will increase social income

inequality measured by the Gini coefficient by 0.0001885 units. Among the control variables,

the coefficients of the rgdp and rgdpsq variables are positive and negative, the urb and FD vari-

ables are significantly positive, the fdi and edu variables are very harmful, and the coefficients

of the open and user variables are negative but not significant.

According to the estimation results of the basic model, it can be seen that there is a more

significant positive relationship between digital financial development and income disparity,

and digital economic development is a major influencing factor for the widening of the wealth

gap in China in recent years. The results of the empirical analysis are in line with the current

domestic concerns about the digital divide arising in the digital economy, where the develop-

ment of digital finance over the past decade has not narrowed the current income gap in

China but instead has worsened the wealth gap in the country. The small amount of literature

currently has pointed out the relevant impact of digital financial development on income dis-

tribution. Still, little literature has examined it from the perspective of the overall income dis-

tribution gap. This paper confirms the close relationship between the two using prefecture-

level city data in China, similar to the findings of the currently existing studies on digital

finance widening the urban-rural income gap.

2. Kuznets model regression results

To investigate whether the effect of digital financial development on income distribution

shows a Kuznets effect, we estimate the relationship using a mixed regression model (Pooled),

a random-effects model (RE), and a fixed-effects model (FE), respectively, using the same F-

test and Hausman test, and conclude that a fixed-effects model should be chosen.

The focus here is on the impact of digital financial development on income disparity. From

the regression results in Table 3, the primary term coefficient of DE is significantly positive.

The second term coefficient is very harmful, confirming the bell-shaped effect of digital finan-

cial development on residents’ income gap. With the continuous development of digital

finance, income inequality within regions shows a phenomenon of deterioration before

improvement. In addition, the direction of other control variables on income distribution is

consistent with the estimation results in the previous chapter. The Kuznets effect exists

between economic development and income distribution; foreign direct investment can effec-

tively alleviate the current problem of excessive income disparity; the increasing level of
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urbanization and financial development will worsen the current status of the income distribu-

tion. The reason for the less significant effect of education level on income distribution may be

that the proportion of primary and secondary school students in a region is not a good proxy

for the education level in the area, and I have not found a more suitable proxy variable due to

my limited academic level.

In addition, this paper calculates the inflection point of the bell curve, whose value is about

DE = 390, which corresponds to the practical implication that the development of digital

finance and income inequality are correlated in the prefecture-level cities with the depth of

digital finance usage index below 390. In contrast, the growth of digital finance and income

inequality are negatively correlated in the prefecture-level towns with the depth of digital

finance usage index above 390. The study shows that during the sample period, only Shang-

hai’s Digital Financial Depth of Use Index exceeds 390. Thus, most regions in China are still

on the left side of the bell curve, i.e., the income gap will further widen as the digital economy

grows. At present, China is still quite far from crossing the inflection point of the bell curve.

3. Robustness test

In the model, the explanatory variables may be correlated with the stochastic disturbance

terms, thus creating an endogeneity problem, which may lead to serious bias in the study

Table 2. Estimation results of the basic model.

(1) (2) (3)

Pooled RE FE

DE (Digital Financial Development Level) 2.273��� 2.273��� 1.885���

-16.808 -16.815 -10.945

rgdp (GDP per capita) 0.291��� 0.291��� 0.291���

-3.598 -3.605 -3.305

rgdpsq (square of GDP per capita) -0.00485��� -0.00485��� -0.00463���

(-2.90) (-2.90) (-2.62)

fdi (foreign direct investment) -0.637�� -0.637�� -0.625��

(-2.06) (-2.06) (-1.94)

open (level of openness to the outside world) -0.078 -0.085 -0.0908

(-0 36) (-0.36) (-0.32)

urb (level of urbanization) 0.0571��� 0.057�� 0.154��

-3.158 -3.165 -5.615

user (Internet penetration rate) -0.363 -0.37 -0.469

(-1.17) (-1.17) (-1.25)

FD (level of financial development) 0.185- 0.185�� 0.223��

-2.318 -2.325 -2.645

edu (level of education) -8.931�� -8.932�� -9.975��

(-2.10) (-2.10) (-2.04)

constant 40.52�� 40.57�� 35.94��

-41.638 -41.645 -24.155

R2 (adjusted) 0.249 0.288 0.27

Note: Data in parentheses are t-statistics,

� p < 0.1,

�� p < 0.05,

��� p < 0.01.

https://doi.org/10.1371/journal.pone.0263915.t002
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results, so we need to correct the endogeneity problem. Here we re-estimate the endogenous

explanatory variable DE with a one-period lag of LDE as an instrumental variable to replace

the current period. Table 4 shows the estimation results of each regression equation. The

regression results show that the coefficients of the primary and quadratic terms of the core

explanatory variable—the level of digital financial development DE lagged one period are one

positive and one negative respectively, reaching the 1% significance level. The signs of the coef-

ficients of the remaining control variables are consistent with the above, indicating that the

conclusions obtained from the above model estimation are robust, i.e., the impact of digital

financial development on There is a Kuznets effect on the result of digital economic growth on

the distribution of residents’ income.

4. Urban-rural based heterogeneity analysis

In this subsection, we subdivide the Gini coefficients of prefecture-level cities into urban and

rural areas to analyze the heterogeneity of different regions. In the past, the attention to

income distribution was often focused on the income gap between urban and rural areas but

less on the income gap between urban and rural areas. This paper analyzes the correlation

Table 3. Estimation results of the nonlinear model.

(1) (2) (3)

Pooled RE FE

DE (Digital Financial Development Level) 3.837��� 3.837��� 3.279���

-8.308 -8.315 -6.755

DEsq (Digital financial development level squared) -0.497�� -0.497�� -0.433���

(-3.55) (-3.55) (-3.06)

rgdp (GDP per capita) 0.323�� 0.323�� 0.316��

-3.978 -3.985 -3.585

rgdpsq (square of GDP per capita) -0.005374�� -0.00537�� -0.00503��

(-3.21) (-3.21) (-2.84)

fdi (foreign direct investment) -0.674�� -0.674�� -0.662��

(-218) (-2.18) (-2.06)

open (level of foreign opening) -0.0409 -0.0479 -0.0506

(-0.23) (-0.23) (-0.12)

urb (level of urbanization) 0.0546�� 0.0546�� 0.146��

-3.028 -3.035 -5.295

user (Internet penetration rate) -0.597� -0.597� -0.645�

(-1.79) (-1.79) (-1.75)

FD (level of financial development) 0.204�� 0.204�� 0.234��

-2.568 -2.575 -2.785

edu (level of education) -5.007 -5.014 -5.868

(-1.15) (-1.15) (-1.15)

constant 39.25�� 39.25�� 35.034��

3.837��� 3.837��� 3.279���

R2 (adjusted) -8.308 -8.315 -6.755

Note: Data in parentheses are t-statistics,

� p < 0.1,

�� p < 0.05,

��� p < 0.01.

https://doi.org/10.1371/journal.pone.0263915.t003
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between digital finance development and income distribution within urban and rural areas,

respectively, with the following equations.

GINIciit ¼ a0 þ a1 � DEit þ a2 � DEitsqþ a3 � CVit þ mi þ εit ð3Þ

GINIcoit ¼ a0 þ a1 � DEit þ a2 � DEitsqþ a3 � CVit þ mi þ εit ð4Þ

The results in Table 5 show a Kuznets effect of digital finance on the income gap within

urban and rural areas. However, the impact of digital finance development on the income dis-

tribution of urban residents is more significant, and the opening of the bell-shaped curve is

more minor. This is because the Internet penetration rate of urban groups is higher than that

of rural groups. In addition, the depth of Internet use is more significant in urban groups than

in rural groups. Therefore, it is easy to obtain that the impact of digital financial development

on income distribution in urban areas is more significant than that in rural areas.

Moreover, there are more traditional industries in rural areas, and new Internet-related sec-

tors are concentrated in urban areas, making the impact of digital finance development on the

income differentiation of urban residents even greater. Thus, we should pay more attention to

Table 5. Urban-rural heterogeneity in digital finance and income distribution.

Lagged period of the variable (1) (2)

Urban residents Rural residents

DE (level of digital financial development) 3.844��� 3.096���

-6.048 -4.855

DEsq (square of the level of digital financial development) -0.585��� -0.382��

(-3.18) (-2.07)

Constant 35.25��� 32.63���

-17.838 -16.475

R2 (after adjustment) 0.169 0.187

Note: Data in parentheses are t-statistics,

� p < 0.1,

�� p < 0.05,

��� p < 0.01.

https://doi.org/10.1371/journal.pone.0263915.t005

Table 4. Robustness test results.

Lagged period of the variable (1) (2) (3)

Pooled RE FE

LDE (level of digital financial development) 4.000��� 4.000��� 3.559���

-8.148 -8.155 -6.685

LDEsq (square of the level of digital finance development) -0.620��� -0.620��� -0.565���

(-4.12) (-4.12) (-3.69)

Constant 41.35��� 41.35��� 38.13���

-37.158 -37.165 -22.685

R2 (after adjustment) 0.213 0.206 0.18

Note: Data in parentheses are t-statistics,

� p < 0.1,

�� p < 0.05,

��� p < 0.01.

https://doi.org/10.1371/journal.pone.0263915.t004
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the disadvantaged groups in urban areas who do not have access to the Internet and con-

sciously strengthen the Internet education efforts so that more and more people can enjoy the

dividends brought by digital finance and eliminate the intra-urban digital divide. Furthermore,

for the disadvantaged groups of the Internet, we should provide employment assistance

promptly to promote the employment of non-Internet people by the Internet industry, such as

online domestic help companies.

V. Analysis of the threshold effect of digital finance development

1. Threshold regression model setting

Following the conceptualization of the (Bruce et al., 1999) threshold model, this paper develops

a single panel threshold model of digital financial development and income distribution.

GINIit ¼ b0 þ b1 � DEitI qit � gð Þ þ b2 � DEitI qit > gð Þ þ b3CVit þ mi þ εit ð5Þ

with a dual-panel threshold model:

GINIit ¼ b0 þ b1 � DEitI qit � g1ð Þ þ b2 � DEitI g1 < qit � g2ð Þþ

b3 � DEitI qit > g2ð Þ þ b4CVit þ mi þ εit

ð6Þ

Where: the subscripts i, t corresponds to the prefecture-level city and the corresponding

year, respectively; GINI denotes the Gini coefficient; DE denotes the development level of

regional digital finance; I(qit� γ) is the indicative function; γ is the threshold value of the sin-

gle panel threshold model; γ1, γ2 is the first threshold value and the second threshold value of

the dual panel threshold model, respectively; the remaining control variables are consistent

with the previous section of the article.

2. Description of threshold variables

Combining the existing literature with the current social development, we set the level of eco-

nomic growth as a threshold variable to verify the threshold effect of the digital financial prod-

uct on income distribution in China. The classic literature [52] discusses the differential effects

of financial development on income distribution under different economic development con-

ditions, leading to the different effects of digital financial development on income distribution.

Digital financial participation requires specific electronic devices and certain Internet knowl-

edge, so digital financial product has a different impact on income distribution in other

regions under varying levels of economic development. When the local economy is relatively

backward, only a few wealthy people can obtain mobile Internet devices to successfully partici-

pate in various activities of digital finance and generate investment income. In contrast, most

people are excluded from the threshold of digital finance, and the income gap will be further

widened at this time. As society continues to develop and people’s income levels continue to

rise, more and more people have access to mobile devices and basic Internet knowledge, digital

finance is rapidly expanding among the population, and people are participating in various

activities of digital finance, widening their income channels. As a result, the income gap within

the region will continue to narrow. Currently, the Internet infrastructure in many poor areas

is not well developed, and the lack of Internet base stations hinders residents’ access to the

Internet. With the continuous development of the economy, the infrastructure in urban and

rural areas becomes more and more complete, and more residents can enjoy the convenience

and benefits brought by Internet finance without any obstacles. The poor people can thus

achieve higher income and escape from poverty. The above analysis shows that the level of
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economic development within a region is an essential factor affecting the distribution effect of

digital finance.

3. Results and discussion

The estimation results of the threshold model are reported in Table 6. The results show a sig-

nificant nonlinear characteristic of the impact of digital financial development on income dis-

tribution. We divide three major income blocks by the threshold variable—GDP per capita

corresponding to the calculated threshold value, focusing on the differences in the impact of

digital financial development on income distribution under regions with different levels of

economic growth. The regression results show that when the per capita income does not

exceed the first threshold value of $3172.2, the impact coefficient of digital financial develop-

ment is 1.743 and is significant at the 1% level; when the per capita income exceeds the first

threshold value of $3172.2 but is lower than the second threshold value of $10,344, the esti-

mated coefficient of digital financial development increases from 1.743 to 2.329, indicating

that when the regional income level rises to this region, the negative effect of digital economic

development on income distribution increases; when the per capita income crosses the second

threshold value of $10,344, the coefficient of the digital financial product on income distribu-

tion decreases to 2.094, indicating that the negative effect of digital financial development on

income distribution will be weakened when the regional economic development level increases

to a specific interval. The negative impact of the digital financial product on income distribu-

tion in the region is the largest when the level of economic development is in the range of

$3172.2 to $10,344. Thus, this paper concludes that the effect of the digital financial product

on the income distribution of residents is closely related to the economic development level of

its location, and digital financial development at different economic levels has other effects on

the income gap within the region, showing a significant threshold feature.

To sum up, under the conditions of low economic development level, digital financial

development will widen the income gap within the region, but the impact effect is weak in this

period; as the economic development level further increases, the negative impact of digital

finance on income distribution will increase; and when the economic development level rises

to a particular stage, the negative effect of digital financial development on income distribution

begins to weaken. Thus, as a whole, the impact coefficient of digital finance development in

each region is positive, which proves that digital finance development is an important reason

why the current domestic income distribution tends to deteriorate, and this is precisely consis-

tent with the research findings in the previous section of this paper.

4. Regional division

Due to the unevenness of China’s regional economic development, there are more significant

differences in the impact of digital financial development in each region. Therefore, to more

Table 6. Threshold panel model regression results.

Variables Coefficient estimates Standard deviation t-value P-value 95% confidence interval

DEit � I
(qit � γ1)

1.743 0.204 8.53 0 [1.342,2.143]

DEit � I
(γ1 < qit� γ2)

2.329 0.196 11.86 0 [1.944,2.714]

DEit � I
(qit > γ2)

2.094 0.158 13.26 0 [1.784,2.404]

https://doi.org/10.1371/journal.pone.0263915.t006
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intuitively grasp the overall effect of the digital financial product on the level of income distri-

bution in China’s provinces, the threshold variable is used here as a criterion to further divide

the sample.

According to the corresponding division of China’s regions in Table 7 below, more than

half of China’s prefecture-level cities had real per capita incomes below RMB 3,172.2 in 2011.

From 2012 to 2018, most prefecture-level cities had per capita incomes in the range of RMB

3,172.2 to RMB 10,344, i.e., the largest range in which the effect of digital financial develop-

ment widens the income gap, while those with per capita incomes above RMB 10,344 The

majority of prefecture-level cities have always been in the minority. Still, there has been a rising

trend in recent years. Therefore, prefectures with different levels of economic development

can adopt other policies for digital economy development, and further economic development

can effectively curb the negative impact of digital financial development on residents’ income

distribution.

VI. Conclusions and recommendations

1. Conclusion

This paper combines theoretical analysis and classical literature to conduct an econometric

test at the prefecture-level city level. Firstly, we collect the primary data of digital financial

development and use the statistical yearbook data of each prefecture-level city to measure the

Gini coefficient of each region and conduct descriptive statistics on the current status and

development trend of the income distribution, which is used as the primary data work for

empirical evidence. In terms of econometric tests, firstly, a linear panel model is used to exam-

ine the impact of digital financial development on the income distribution of residents, and

the article finds that it has a positive effect on the income distribution gap. Then, according to

the classical G-J model theory, the paper further examines the Kuznets effect presented by digi-

tal financial development and residents’ income distribution, and finds that there is indeed a

bell-shaped curve, and conducts heterogeneity analysis on two major regions, rural and urban,

and can see that the effect of digital financial development on the income gap within urban

areas is greater than that of the income gap within rural areas, which is consistent with the cur-

rent reality. Finally, the article also uses the threshold model to test the threshold effect of digi-

tal financial development on income distribution in different economic development regions,

and it can be seen that its impact on income distribution in areas with varying levels of eco-

nomic growth is different, and there is indeed a double-threshold effect. The main conclusions

of this paper are as follows.

Table 7. 2011–2018 number of prefecture-level cities by threshold.

Year rgdp � 3172.2 3172.2 < rgdp � 10344 rgdp> 10344

2011 161 100 6

2012 128 138 7

2013 112 156 10

2014 113 157 27

2015 82 180 17

2016 75 180 19

2017 67 211 20

2018 27 219 46

2019 23 224 48

2020 21 235 46

https://doi.org/10.1371/journal.pone.0263915.t007
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First, with the comprehensive promotion of digitization and the increasing coverage of

mobile Internet, China’s digital finance development level has increased significantly. Still, the

degree of perfection of the digital finance market does not match the degree of growth of the

digital product market. While China’s Internet technology has made world-renowned achieve-

ments, the domestic digital finance volume has expanded rapidly, and digitalization has been

fully applied at all levels, setting off a wave of reform in various industries. However, there is

still an apparent problem of uneven development in the digital finance market, with different

classes of people not facing the same digital services. In addition, there are still significant dif-

ferences in digital finance development between and within regions, with the eastern coastal

cities significantly better developed than the central and western regions. Still, the gap is nar-

rowing with the continuous development and improvement of the overall domestic market.

Second, along with the continuous development of digital finance in China, the income dis-

tribution of domestic residents tends to deteriorate at this stage. This paper calculates the Gini

coefficient of each region to measure the income distribution gap within the area. The Gini

coefficient shows an increasing trend, indicating that China’s overall income inequality situa-

tion is more severe and the income gap is in a state of further expansion. The Gini coefficient

is lower in the backward western regions of China, followed by the eastern provinces and the

highest in the central areas.

Third, there is a Kuznets effect on the impact of digital financial development on the

income distribution of residents in China. The difference influences the impact of digital

financial development on income distribution in the level of economic development within

regions with significant threshold characteristics. There is a bell-shaped curve relationship

between the degree of digital financial development measured by the depth of digital financial

use and the Gini coefficient of prefecture-level cities, indicating that as the level of digital eco-

nomic growth continues to increase, the income gap within regions in China shows a trend of

change that first increases and then decreases. On the whole, the product of digital finance in

China is not yet perfect, and most of the prefecture-level cities have not yet crossed the inflec-

tion point of the bell curve but are still in the upward range on the left side of the curve. Never-

theless, the impact of digital finance development on income disparity shows a significant

positive correlation. The level of income inequality will further increase with the development

of regional digital finance. In addition, the effect of the digital financial product on income dis-

tribution is influenced by the level of economic development within the region. Regions at dif-

ferent stages of economic growth have differential effects of their digital financial development

on income distribution within the area and show non-monotonic bithreshold characteristics:

its adverse effects first gradually increase with the rise of economic development level, and

they tend to weaken. Thus, the impact of digital financial development on income distribution

in each region of China is not an isolated process but works together and interacts with local

socio-economic development.

2. Recommendations

First, to narrow the divide created by different regions in digital development from the source.

Due to the unbalanced nature of China’s economic growth, the social population has gradually

opened up gaps in income and education, resulting in the differentiation of various classes.

The inequality in income and education will lead to cracks in access to information and data

processing among different groups in different regions in the current wave of informationiza-

tion, thus causing the digital divide phenomenon. To solve the current digital range faced, the

focus is to vigorously promote social equity, focus on solving the problem of uneven develop-

ment among various regions and groups, and pay more attention to the education problems in
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the poor areas of central and western China and the rural areas, actively carry out policy pro-

motion, attract educational resources to enter, improve the level of the human capital of

groups in less developed regions, and enhance the ability of residents in the area to have equal

access to information technology.

Second, accelerate the digitization process and coordinate policies related to opening up to

the outside world, urbanization, Internet penetration, and financial development so that poli-

cies are biased toward less developed regions and increase their information dividends. Each

part should speed up the local information construction and give better play to the advantages

of Internet technology so that the development of local digital finance can achieve the inflec-

tion point crossing as early as possible and reduce the income gap within the region.

Thirdly, we should take advantage of the matching and complementary relationship

between digital financial development and other economic systems to effectively play the posi-

tive role of digital technology in improving income distribution. As mentioned in the text, the

impact of digital financial development on income distribution within a region is not isolated,

and the human capital and physical capital that individuals have will also interact with digital

financial development. Therefore, when formulating policies on digital finance development,

government departments should not only regard digital finance as an independent variable

affecting regional income distribution but also ignore the correlation with other development

factors. The main aspects are as follows: (1) to improve the level of local economic develop-

ment and further increase the income level of residents; (2) to promote the regional balance of

financial expenditure on education, to promote the development of education in a balanced

direction and to realize the equity of educational opportunities at all levels; (3) to continue to

attract foreign investment and optimize the trade structure, to promote the flow of financial

expenditure to less developed regions and disadvantaged groups. All of the above measures

can promote the development of China’s income distribution in the direction of equity.
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