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areas
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Enhancing rural digital connectivity constitutes a significant strategy employed
by China to refine rural economic development and mitigate urban—rural income
inequality. Utilizing provincial data on urban-rural income inequality and rural digital
connectivity spanning from 2012 to 2021, this paper adopts a rigorous two-way
fixed effect model to explore the intricate mechanism through which rural digital
connectivity narrows urban—-rural income inequality. The findings indicate that
the impact of rural digital connectivity on urban-rural income inequality follows a
U-shaped curve. Furthermore, a comprehensive mechanism analysis reveals that
rural digital connectivity narrows urban-rural income inequality by refining industrial
structures, stimulating digital commerce, and fostering industrial convergence in
rural areas. It is noteworthy that rural digital connectivity exerts varying degrees
of influence across different regions, with a more profound impact observed in
highly urbanized provinces offering free shipping services. Ultimately, this paper
presents pertinent policy implications aimed at bolstering rural digital connectivity
and mitigating potential negative spillover effects through the implementation
of rational resource distribution.

KEYWORDS

rural digital connectivity, urban—rural income inequality, spatial analysis, digital
commerce, rural common prosperity

1 Introduction

China, a typical agricultural nation, has experienced significant economic expansion
following the implementation of the reform and opening-up policy (Xu et al., 2025b). However,
this growth has also accentuated the pronounced rural-urban inequality inherent in its
dualistic economic structure (Chan and Wei, 2021). According to China’s National Bureau of
Statistics, while the Gini coeflicient showed a slight decline from 0.474 in 2012 to 0.465 in
2019, it rose again to 0.468 in 2020, surpassing the international warning level of 0.4 and
remaining significantly higher than in many OECD countries. This persistent inequality,
largely driven by the widening urban-rural income ratio (Ma et al., 2018), poses a serious
threat to China’s long-term sustainable development by increasing the risk of the country
falling into the middle-income trap (Hu et al., 2023).

The rapidly expanding digital economy in China has emerged as a critical approach to
addressing these disparities, with the potential to reduce the income gap between urban and
rural areas and stimulate rural revitalization (Deng et al., 2024). It has emerged as a critical
factor in advancing China’s high-quality development, presenting substantial opportunities
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for transforming rural areas by promoting new economic activities,
improving market access, and enhancing overall quality of life (Wang
etal, 2023; Li et al., 2024). Digital connectivity, which includes the
ability to connect devices to the internet or mobile networks like 5G,
as well as access to digital services, applications, and online platforms,
plays a central role in this modern digital economy. Rural inhabitants
perpetually face challenges in keeping pace with advancements in
digital connectivity (Velaga et al., 2012), hindering their ability to
actively participate in the digital economy. The Chinese government
has implemented several national strategies, such as “Internet Plus,”
“Broadband Rural” and “Digital Village,” aimed at closing the
connectivity gap and expanding rural digital inclusion. Recent
evidence further links digital capability and rural digitalization to
shared prosperity outcomes: household-level digital capability and
financial literacy are positively associated with common prosperity
(Lyu etal, 2025). The digital economy significantly promotes farmers
shared prosperity, with high-quality agricultural development acting
as a key channel and reveal spatial spillovers across regions (Lu et al.,
2025; Zhou et al., 2025). Against this backdrop, understanding how
rural digital connectivity shapes urban-rural income inequality is
essential for leveraging connectivity to reduce disparities and promote
harmonious development.

Extant evidence links digitalization to both equalizing and
disequalizing distributional outcomes, with effects that hinge on what
is measured, where it is measured, the stage of digital development,
and local endowments. At the county and household level, studies
using ICT diffusion measures often find gap-narrowing effects (Dong
et al., 2024). By contrast, at the inter-city scale, broadband roll-out
yields heterogeneous distributional impacts that depend on city size,
agglomeration, and human-capital composition, underscoring skill-
biased channels whereby connectivity may either mitigate or
exacerbate dispersion (Qiu et al., 2021b). At the provincial level,
results vary with how digitalization is operationalized. Broader digital-
economy composite indices tend to reveal impact heterogeneity with
widening in some regions and narrowing in others consistent with a
digital divide or digital dividend pattern (Xia et al., 2024). Nonlinear
stage-dependence is also salient. Using panel data for 30 provinces
from 2009 to 2019, (Jiang et al, 2022) document a U-shaped
relationship between digital-economy development and the urban-
rural income gap, together with spatial spillovers and evidence from
the “Broadband Rural” policy shock. However, Wang and Liu (2025)
find that the digital economy initially widens the gap but that this
widening diminishes as digitalization progresses, with the sign and
magnitude conditioned by regional endowments Complementing
these province-level patterns, Qiu et al. (2021a) provide evidence
consistent with a Technological Kuznets Curve (TKC) mechanism, in
which internet penetration first exacerbates and later reduces the gap
in specific macro-regions like north and east China, while reverse
causality from inequality to internet diffusion is limited given the
policy-driven rollout. Finally, recent provincial analyses based on
internet-development indicators further corroborate that empirical
signs flip with measurement choices, spatial scale, nonlinear stages,
and regional heterogeneity (Wang et al., 2021).

The evaluation of digital connectivity has evolved from a reliance
on a single indicator to a more comprehensive assessment that
incorporates a variety of indicators. However, a comprehensive
methodology for accurately evaluating digital connectivity in rural
areas is still conspicuously absent. Previous methodologies have
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focused exclusively on urban indicators and relied on a narrow set of
measures, including internet and mobile phone penetration, digital
financial inclusion, and fundamental infrastructure metrics (Deng et
al., 2024; Peng and Dan, 2023; Yi et al., 2024; Lynn et al., 2022). These
methods frequently depended on static and generalized measures that
were unable to capture the dynamic nature of digital infrastructure
development and usage patterns, particularly in rapidly evolving rural
contexts. Additionally, they tended to employ uniform indicators in
both urban and rural areas, overlooking rural-specific conditions.
Remoteness is a critical factor in digital exclusion, as Park (2017)
emphasized; however, it has been largely disregarded in conventional
digital connectivity metrics. This oversight reveals significant
deficiencies in current frameworks, which fail to address challenges
endemic to rural settings, such as low mobility, poor transportation
infrastructure, and limited investment opportunities, leaving a
significant gap in our understanding and measurement of rural
digital connectivity.

Existing literatures have laid a solid foundation for exploring the
relationship between rural digital connectivity and urban-rural
income inequality. However, these studies predominantly analyze the
impact across entire regions, failing to specifically focus on rural areas.
Consequently, there remains a notable gap in understanding how rural
digital connectivity influences urban-rural income inequality through
indirect relationships and spatial interactions. Furthermore, the
mechanisms underlying these nonlinear dynamics require deeper
exploration. The rapid development of the internet in the past year has
facilitated the integration of provinces into a unified entity,
strengthening spatial relationships between provinces. Hence, rural
digital connectivity’s impact is likely to have significant non-linear
spatial spillover effects, which have been largely overlooked in
most literatures.

The potential contributions of the study are as follows: Firstly, we
developed a remoteness-embedded China’s rural digital Connectivity
Index for 30 provinces between 2012 and 2021, integrating rural-
specific investment and infrastructure, service penetration and usage,
and last-mile logistics. This method addresses the gap in current
research, which frequently fails to consider dynamic development and
the distinctive obstacles that rural areas encounter in digital
engagement when assessing digital connectivity. Subsequently, we
verify the U-shaped correlation between urban-rural income
inequality and rural digital connectivity. We further examined this
relationship by investigating spatial heterogeneity, with a prearticular
emphasis on the varying effects of free shipping and urbanization
levels across provinces. Furthermore, the nonlinear spillover effects of
digital connectivity at the provincial level are investigated using a
Spatial Durbin Model (SDM). Additionally, we systematically examine
the indirect pathways through which rural digital connectivity
influences urban-rural income inequality, focusing on two key
mechanisms. First, we explore how rural digital connectivity promotes
industrial structure, particularly by stimulating digital commerce.
Second, we investigate how rural digital connectivity fosters industrial
convergence in rural areas, thereby helping to reduce urban-rural
income inequality.

The subsequent sections of this paper are structured in the
following manner: Section 2 explores the theoretical analysis and
presents the research hypotheses. Section 3 provides an
explanation of the data and methodologies used. Section 4
provides the empirical findings obtained from the baseline
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regressions, as well as performs robustness checks and
heterogeneity analyses. Section 5 delves deeper into spatial
spillover effects and examining intermediary mechanisms. Section
6 serves as a final summary, outlining the conclusions and their
implications for policy.

2 Theoretical analysis and hypothesis

2.1 Direct effect of the rural digital
connectivity on urban-rural income
inequality

During the early phases, advancements in rural digital
connectivity can greatly enhance economic opportunities in rural
areas by boosting business efficiency, developing the skills and
knowledge of the local population, and increasing their digital
engagement (Prieger, 2013). This increased connectivity enabling
rural residents to access information, markets, and services more
effectively, fostering digital literacy, innovation, and diversified
income sources, ultimately narrow the urban-rural inequality and
improved living standards (Townsend et al., 2013). However, as
connectivity matures, disparities in access to advanced digital
infrastructure, economic polarization, and a growing skill mismatch
begin to emerge (Song et al., 2020). Urban areas, with their superior
resources, attract more sophisticated digital services, while rural areas
lag, limiting their ability to benefit from the latest digital
advancements. Additionally, as the digital economy evolves, those
with better initial access to resources and education within rural areas
capitalize more effectively on these opportunities, widening the
income gap. The lag in targeted policies and the focus on urban-
centric development exacerbate these disparities, leading to a
widening divide as rural areas struggle to keep pace with technological
advancements. Our first hypothesis is:

HI: The impact of rural digital connectivity on urban-rural
income inequality has a U-shaped curve

2.2 Spatial spillover effect rural digital
connectivity on urban-rural income
inequality

The development of rural digital connectivity generates spatial
spillover effects that influence urban-rural income inequality through
a dynamic redistribution of economic opportunities and resources
among rural regions (Xu and Tao, 2024). During the initial stages of
rural digital connectivity development, well-connected rural areas
tend to drain economic opportunities, resources, and investments
from less developed neighboring rural areas. This siphoning effect
widens the digital divide and exacerbates urban-rural income
inequality, as the lagging rural areas struggle to reap the benefits of
digitalization. However, as the more advanced rural regions reach a
saturation point, the marginal returns on additional digital investment
decline. Capital technology and economic opportunities begin to
diffuse toward neighboring, less-developed rural areas. This transition
creates a trickle-down effect that gradually reduces the urban-rural
income inequality across regions by fostering economic growth, job
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creation, and improved digital infrastructure. Our second

hypothesis is:

H2: Rural digital connectivity has an inverted U-shaped impact
on urban-rural income inequality in neighboring provinces
through spatial spillover effects.

2.3 Indirect effect of rural digital
connectivity on urban-rural income
inequality

In this paper, we embark on a channel analysis of how digital
connectivity in rural areas serves as a potent catalyst for shortening
the income inequality between urban and rural areas. As Figure 1
properly illustrates, we examine the pathway of industrial upgrading
as a key factor in narrowing the urban-rural income gap. Furthermore,
we delve into the intricate mechanisms that underlie the motivation
of industrial upgrading, particularly regarding the emerging digital
commerce in rural areas, fueled by widespread digital technology
adoption. Additionally, we will explain that industrial convergence is
another important channel for narrowing urban-rural income
inequality. This nuanced examination provides a deeper insight of the
effectiveness of rural digital connectivity and its implications for
sustainable economic development by alleviating income inequality.

2.3.1 Industrial structure optimization

Urban-rural income inequality primarily stems from imbalanced
income distribution. In China, over half of the rural population relies
on primary industries such as agriculture, fisheries, and animal
husbandry, while most urban residents are engaged in secondary and
tertiary industries. The income distribution is skewed toward these
higher-paying sectors, with average incomes in secondary and tertiary
industries significantly outpacing those in primary industries. Prior
to the advent of rural digitization, industrial structure optimization
was primarily observed in urban areas, as the scarcity of high-tech
companies in rural regions left little incentive for such optimization.
This urban-centric optimization exacerbated income and property
inequality, widening the wage gap—a phenomenon known as the
“inequality cost” of industrial upgrading in China (Chen and Ma,
2022). However, the enhancement of rural digital connectivity has
spurred the evolution of the industrial structure in rural area. Hong
and Zhang (2021) explored the impact of industrial upgrading on
urban-rural income inequality. The findings suggested that the
evolution of industrial structure could contribute to changes in
income distribution, potentially influencing the urban-rural income
inequality. Therefore, industrial structure optimization plays a
significant role in narrowing the urban-rural income gap,
highlighting the importance of considering industrial upgrading as a
remarkable channel for income inequality alleviation. Digital
connectivity in rural areas is crucial in facilitating industrial structure
optimization by refining efficiency and innovation. As digital
connectivity expanded, it provides companies across various
industries with new opportunities to upgrade their operations, adopt
new technologies and improve productivity (Fan, 2022). Besides,
according to Li (2021), despite the interconnected technologies
altering the traditional economic models, the effect of digital
connectivity also stemmed from the profound influence of
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internet-industry integration on industry structure. Moreover, the
development of digital connectivity per se encouraged independent
innovation in digital technology and improved the institutional
environment for the digital economy to promote industrial upgrading
(Li et al., 2024). This paper employed the mediate effect model to
examine whether rural digital connectivity narrowed the urban-rural
income inequality by promoting industrial upgrading. To quantify
industrial upgrading, three distinct methodologies will be employed.
The required data sets in this section were collected from China
Statistical Yearbook.

The first indicator is the industrial structure rationalization:
This indicator reflects the aggregate quality and coordination
between industries. It provides insights into the efficiency of
resource utilization and the extent of inter-industry coordination,
serving as a gauge of the coupling between input and output
structures. This measurement, adopted from Xiong et al. (2023), is
expressed by the Equation 1:

1

s
I
M=
N
~|es
¥:/
= e

where Y represents output, L donates employment, and i indicates
different provinces. R = 0 indicates that the economy is in equilibrium.
When R is not equal to 0, the larger R, the greater the deviations from
the equilibrium, leading to less efficiency and unreasonable
employment structure.
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The second indicator is the overall upgrading of industrial
structure: Production processes in secondary and tertiary industries
are typically more efficient and environmentally friendly. With the
widespread adoption of new digital technologies, there is a noticeable
increase in the proportion of secondary and tertiary industries, which
elevates industrial structures from lower to higher levels. Alcorta et al.
(2013) demonstrated that the transition from primary to secondary
and tertiary sectors is integral to achieving sustainable economic
growth. Following the methodology of Wu et al. (2021), we define the
overall upgrading index of the industrial structure based on Petty-
ClarK’s Law, calculated as Equation 2:

U:C1X1+C2X2+C3X3 (2)

Among them, U represents the overall upgrading index of
industrial structure, C; represents the proportion of the output of the
i-th industry.

The third indicator is the industrial structure advanced index:
Since 1970, the advent of the information revolution has significantly
influenced the industrial structure of industrialized nations. A
noticeable progression towards the tertiary sector within the industrial
structure has emerged. This transition has been further propelled by
the digitalization. This indicator can stand out as a pivotal aspect in
the enhancement of the industrial structure (Gan et al., 2011).
Drawing on the method of Gan et al. (2011), the industrial structure
advanced index is defined as Equation 3:

_G
G

E (3)
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Among them, E represents the industrial structure upgrading
index, G; represents the increase in the output of i-th industry.
Based on the above analysis, we propose the following hypothesis.

H3: Industrial structure optimization plays a significant mediating
role in the nexus between rural digital connectivity and urban-
rural income inequality.

2.3.2 Digital commerce and industrial structure
optimization

Behind the optimization of industrial structure in rural areas lies a
transformative mechanism driven by rural digital connectivity. Rural
digital connectivity boosts digital infrastructure, enhances internet
connections, and expands connectivity-derived services, which
collectively propel digital commerce in rural regions. This enhanced
connectivity facilitates a seamless flow of information, logistics, and
financial transactions (Kimura and Chen, 2017), ensuring the
sustainable development of digital commerce. Chen and Ruddy (2020)
also proposed that enhancing digital connectivity should be a policy
priority to support digital commerce. With the advancement of digital
technologies, the burgeoning digital commerce heralded new
opportunities in China. In the past decade, the emergence of Taobao
village in rural China was a typical example of the promotion of rural
digital commerce where pioneer entrepreneurs brought digital
commerce to the village with well-established digital connectivity,
achieving success in this business. Social networking further played a
mediating role in diffusion and attracted more investment in rural
digital commerce (Zang et al., 2023). The emergence of digital
commerce in rural areas profoundly influenced the structures of rural
industries through household consumption structures and innovation.
For instance, digital commerce in rural areas increased the disposable
income of rural households, thus promoting their consumption
structure (Zhou, 2024). The upgrading of households’ consumption
structure led to the overall development and transformation of
industries. Zhang et al. (2019) explored the relationship between
household consumption and industrial structure upgrading. His
findings indicated that household consumption played a crucial role in
promoting industrial structure upgrading through growth in the
consumption of new products in the private sector. Besides, digital
commerce stimulates competition in markets, encouraging firms to
optimize innovation factors. Specifically, the digital economy could

10.3389/fsufs.2025.1725607

enhance industrial structure upgrading by facilitating innovation factor
allocation, leading to advancements in industrial structure servitization,
upgradation, and interaction levels within the industrial sector (Chang
et al,, 2024). Chu (2024) also noted that digital commerce, a pivotal
component of the digital economy, could contribute to enhancing and
advancing industrial structure by enhancing regional innovation.
Hence, this paper investigated the relationship between digital
connectivity and industrial structure through digital commerce. To
start, we developed an evaluation index system for rural digital
commerce (Table 1) and measure its development level using the
entropy method. The detailed measurement steps are provided in
Appendix 1. Our fourth hypothesis is therefore:

H4: Rural digital connectivity can promote industrial structure
optimization by enhancing digital commerce.

2.3.3 Rural industrial convergence

Since 2015, the Chinese government has focused on revitalizing
rural industries, according to the China Agricultural Sector
Development Report. This initiative has aimed to modernize
agriculture and integrate primary, secondary, and tertiary industries
within rural areas. Such thriving businesses are intended to boost
farmer incomes, eradicate poverty, and foster rural prosperity.
Concurrently, the authorities have implemented a pilot project to
enhance the use of digital technologies in rural areas. This pilot project
encompasses the overall planning and design of “digital villages,”
improvement of new generation information infrastructure in
participating villages, and exploration of new models for rural digital
economy and rural governance. These policies enhanced rural digital
connectivity, which in turn fostered industrial convergence in rural
areas. Digital connectivity is catalyzing the convergence of industries
by spawning new business opportunities and models (Guo et al.,
2023). The integration of communication networks leads to increased
productivity, reduced transaction costs, and foster connection
between industries. Specifically, digital technologies are transforming
traditional industries and catalyzing the emergence of new sectors.
This evolution is not just facilitating industrial upgrading but is also
enabling the integration of diverse industries, demonstrating the
profound impact of digital technologies in reshaping the industrial
landscape (Zhou et al, 2022). Furthermore, rural industrial
convergence has extended the industrial chains and create more job

TABLE 1 Evaluation index system of rural digital commerce development level.

Dimension  Level 1 indicator Level 2 indicator  Definition Attribute Weights
Digital commerce | The scale of rural digital Taobao village The number of existing Taobao villages + 0.5465
commerce Rural enterprise website Number of rural enterprises that operate an official + 0.0116
website.
Ratio of digital commerce | Share of rural enterprises engaging in e-commerce + 0.0483
transactions in the total number of rural
enterprises.
Rural digital commerce Digital commerce The pecuniary value of purchases of digital + 0.2022
development purchases commerce by rural enterprises in ten thousand
yuan
Turnover of commerce The turnover of digital commerce by rural + 0.1913
enterprises in Ten thousand yuan
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opportunities in rural areas, rising the average income in rural areas
and narrowing the urban-rural income inequality. Devasmita (2018)
observed similar trends in income convergence within the EU and
ASEAN from 2000 to 2014, noting that industrial convergence
significantly reduces income inequality and promotes overall
economic convergence. Building on the aforementioned analysis, this
paper explored whether rural digital connectivity could narrow
urban-rural income inequality through promoting industrial
convergence. We draw on the method of Chen et al. (2021) and Wang
et al. (2024), using the entropy methodology to measure the rural
industrial convergence in the context of Table 2. Therefore, our final
hypothesis is proposed as follows.

H5: Industrial convergence has a remarkably mediating effect on
the non-linear impact of rural digital connectivity on urban-rural
income inequality.

The analysis framework by which the rural digital connectivity
affects urban-rural income inequality can be illustrate in Figure 1.

3 Methodology and data
3.1 Model specification

3.1.1 Panel models

To analyze the nonlinear causal relationship between rural digital
connectivity and urban-rural income inequality, we included both the
core explanatory variable digital connectivity (dig) and its squared
term (dig2 ) in a two-way fixed effects model. The model is defined as
Equation 4:

Theil,», = ﬂo + ﬂl-digit +ﬂ2d1g12t + §Xit + U + O + it (4)

Where, the dependent variable, theil;;, represents urban-rural
income inequality, while the explanatory variable,dig,indicates the
level of rural digital connectivity. The Vector X, represents the control
variable; Subscripts i and t correspond to province and year,
respectively. The model addresses bias arising from unobservable
provincial heterogeneity by incorporating province-fixed effects g
and accounts for time-specific trends through the inclusion of time-
fixed effects 6. The constant term is denoted by £y, and &;; represents
the random error term.

3.1.2 Spatial econometric model

Based on the theoretical analysis below, we utilized the Spatial
Durbin Model (SDM) to estimate the spatial spillover effect of rural
digital connectivity. The general form of the spatial econometric
model is expressed as Equations 5-6:

n
Theily =a+ p wjtheily + Bidigi; + Podigh + B Xz
j=1

n n n
. . 2
+9120)ijdlgi[ +92 Za)ijdzgi[ +0k Za),]X,t +u;+vy +5it (5)
= = =
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n
Sit =) w6y + &yt (6)
j=1

Where p and ¢ are the spatial autoregressive and spatial
autocorrelation coefficients, respectively; @y represents the spatial
weight matrix; #; and v,denote the regional and time effects,
respectively; and &;; is the error term. We select the geographic
distance spatial weight matrix, which is established in Equation 7:

|
—i# ]

w= d,-? (7)
0,i=j

Where d,% denotes the distance between the province i and j which
are derived form their respective longitude and latitude coordinates.

3.2 Variable description

3.2.1 Explanatory variable

This study developed a comprehensive index that assesses rural
digital connectivity (dig) using the entropy method. It is based on 11
secondary indicators (refer to Table 3), which are organized into three
pillars and calculated using the entropy method. Digital Infrastructure
and Investment capture the system’s capacity and commitment
including optical-fiber cable length, mobile-phone coverage, rural
network investment, and fixed investment in the social digital
industry. Digital Services Penetration and Usage measures demand-
side activation including internet penetration, the scale of rural
network payments, and the share of rural household expenditure on
transport and communications, which we treat as a positive
remoteness-sensitive engagement indicator: in geographically remote
settings, effective participation in the digital economy requires more
distance-bridging activities, so a larger budget share signals stronger
activation of the connectivity channel rather than mere price burden.
Logistics and Communication Services addresses the last-mile
feasibility of digital activity including rural postal and communication
service levels, delivery routes, and the proportion of administrative
villages with postal services capturing whether online transactions can
be completed where mobility is low and transport infrastructure is
thin.
serviceability, the index embeds the remoteness dimension highlighted

By combining usage-based activation with last-mile

by Park (2017), which conventional connectivity metrics largely
overlook. It therefore provides a geography-sensitive measure of rural
regions’ capacity to participate in and benefit from the digital
economy. The data for these indicators were derived from the China
Statistical Yearbook, China Rural Statistical Yearbook, and Peking
University’s Index of Digital Financial Inclusion.

3.2.2 Explained variable

The Theil index is employed to quantify the urban-rural income
inequality across China’s 30 provinces from 2012 to 2021. Theil index
is highly responsive to income fluctuations in high and low-income
brackets, making it ideal for capturing the fundamental features of
income inequalities in China, which are most evident at the upper and

frontiersin.org


https://doi.org/10.3389/fsufs.2025.1725607
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Zhang and Lu

TABLE 2 Evaluation index system of rural industrial convergence.

10.3389/fsufs.2025.1725607

Dimension Level 1l indicator Level 2 indicator Definition Attribute = Weights
Rural industrial | Extension of the Share of output of agro- Main business income of argo-food processing + 0.0766
convergence agricultural industry industry industry/total output value of agriculture, forestry,
chain animal husbandry and fishery industry
Number of specialized farmers’ | Number of specialized farmers” cooperatives/rural + 0.0703
cooperatives population
Share of primary industrial Output value of primary industry/GDP - 0.0341
output
Multifunctional Income of recreational Annual income from recreational agriculture/gross + 0.0759
extension of agriculture | agriculture agricultural output
Level of protected agriculture Protect agriculture area/total agriculture area + 0.4886
Fertilizer intensity Amount of fertilizer used in agriculture/total - 0.1275
agriculture area
Development of new Share of rural services output Output of auxiliary activities in agriculture, forestry + 0.1271
agricultural business and fisheries/total output of agriculture, forestry and
fisheries

lower ends of the income distribution. The formula is defined as

Theil :i Jit Yy L PR ) [T
el I /P, I,

1ol e/ Bie | Toe | Toe / Py ®)
I /P, I, L/P,

Where I; and I, represent the total income of urban and rural

Equation 8:

residents, respectively, during period ¢ (calculated as the total population
multiplied by the average per capita income). I; represents the total
income for period ¢, Py and Py represent the urban and rural populations
during period t and P, represents the total population during period ¢.
The Theil index accounts not only for absolute changes in urban and
rural incomes but also incorporates changes in urban and rural
population structures. A higher Theil index indicates a greater urban-
rural income inequality. Data are drawn from the China Urban Statistical
Yearbook and local statistical bureaus; missing values are imputed via
within-province linear interpolation over time, and continuous variables
are winsorized within year at the 1st and 99th percentiles
across provinces.

3.2.3 Control variables

Drawing on existing research, other factors also influence urban-
rural income inequality (Chen, 2016; Tang and Sun, 2022; Kakwani et
al., 2022). Our study controlled the degree of openness (open),
measured by the proportion of the total import and export value of
foreign investment to the regional GDP for each province; the strength
of fiscal support for agriculture ( gov), measured by the ratio of local
government expenditure on agriculture, forestry, and water affairs to
the general budget expenditure of local finances; the agricultural
industrial structure (ais), measured by the proportion of the total
agricultural output value to the total output value of agriculture,
forestry, animal husbandry, and fishery; and the level of economic
development (lngdp), measured by the logarithm of the regional GDP
for each province. Data for these variables were obtained from the
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China Statistical Yearbook and the provincial statistical yearbook with
missing values is filled via within-province linear interpolation
over time.

Descriptive statistics for the variables are presented in Table 4.

4 Results and discussions
4.1 Baseline estimation results

The U-shaped relationship between rural digital connectivity and
urban-rural income inequality is initially depicted through a scatter
fit curve in Figure 2. Most provinces are positioned to the left of the
turning point, offering preliminary evidence in support of
Hypothesis 1.

Using the two-way fixed effects (FE) panel regression model,
confirmed as the more suitable option by the Hausman test, the
analysis of full sample data from 30 Chinese provinces reveals a
U-shaped relationship between rural digital connectivity and urban-
rural income inequality. Table 5 demonstrates this relationship,
showing that as control variables are sequentially introduced from
column (1) to (5), the coeflicient for digital connectivity is
consistently negative and its quadratic term positive, with both
coeflicients significant at the 1% level across all models. We
performed a U-test following the methodology proposed by Lind and
Mehlum (2010) to validate the existence of a U-shaped relationship.
With all controls, the marginal effect of rural digital connectivity on
the Theil index equals 0Theil/ 0dig =-0.150+0.260 dig . At low
connectivity the effect is negative because connectivity lowers search,
transaction, and last-mile frictions, thereby narrowing the gap. As dig
rises the magnitude of this reduction diminishes, the effect crosses
zero at the turning point 0.57, and becomes positive thereafter,
implying a subsequent widening of the gap as skill-biased gains that
accrue disproportionately to more developed regions. Figure 3 trace
the pattern of the marginal effect of the rural digital connectivity at
95% confidence intervals which further verify the Hypothesis 1. As
of 2021, in most provinces, rural digital connectivity has not
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TABLE 3 Evaluation index system of rural digital connectivity.

Level 1 indicator

Level 2 indicator

Definition

10.3389/fsufs.2025.1725607

Attribute

Weight

Digital infrastructure Optical fiber cable length Length of fiber-optic cable lines per square kilometer in rural + 0.0122
and investment region
Rural mobile phone coverage Number of mobile phones per 100 rural households in rural + 0.1248
region
Quantity and scale of rural network Digital inclusive financial county-level investment index + 0.0562
investment
Digital services Rural fixed investment in social digital Fixed asset investment in rural information transmission, + 0.0686
penetration and usage industry computer services, and software industries fixed asset investment
Rural fixed investment in social digital Fixed asset investment in rural transportation, warehousing, and + 0.0543
services postal services
Rural internet penetration rate Number of Internet users in the rural region as a proportion of + 0.0342
the total population of the rural region
Quantity and scale of rural network Digital inclusive financial county-level mobile payment index + 0.0972
Payments
Logistics and Rural transportation and communication Percentage of farmers’ expenditure on transport and + 0.1337
communication services | expenditure Level communications
Rural postal and communication service Average number of people served by each postal service outlet in + 0.1003
level rural region
Rural delivery routes Length of delivery routes for rural users + 0.1652
Proportion of administrative villages with Proportion of administrative villages with postal services to the + 0.1534
postal services total number of administrative villages

surpassed the turning point, indicating that increased digital
connectivity in rural areas is currently narrowing urban-rural
income inequality.

4.2 Robustness check

We utilized an iterative Generalized Method of Moments (GMM)
approach, using one lagged key explanatory variables as instruments
to address potential endogeneity. This method was chosen
recognizing that the effects of increased rural digital connectivity on
urban-rural income inequality are not immediate. To ensure the
reliability of our model, we conducted the AR (2) test for second-
order serial correlation and the Sargan test for over-identifying
restrictions, both of which returned p-values above 0.1. These results
indicate an absence of second-order serial correlation and validate
both the model and the instruments used. For additional robustness,
we also utilized panel models with lagged explanatory variables. The
findings, displayed in Table 6, show that the coefficient of rural digital
connectivity is negative and its squared term is positive, with both
significant at the 1% level. These results confirm the robust U-shaped
relationship between rural digital connectivity and urban-rural
income inequality.

4.3 Heterogeneity analysis
The impact of rural digital connectivity on urban-rural income

inequality varies significantly across different regions. As discussed
in sections 2.3.1 and 2.3.2, rural digital connectivity can greatly help
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digital commerce enjoy prosperity, leading to an improved rural
industrial structure. This, in turn, plays a critical role in reducing
urban-rural income inequality. However, in some remote areas
where transportation infrastructure is underdeveloped, these regions
are often excluded from free shipping zones. Research by Humairoh
and Annas (2023) highlights the importance of free shipping in
boosting customer satisfaction and overall e-commerce success.
Similarly, Guo et al. (2020) used a dynamic game model found that
that optimizing free shipping strategies can better meet consumer
expectations and improve e-commerce performance. Consequently,
in regions outside free shipping zones, the benefits of digital
connectivity on digital commerce may be limited.

Urbanization is another key regional factor influencing the
relationship between digital connectivity and income inequality. He
(2023) examined the correlation between urbanization and income
inequality, finding that urbanization in China has not reduced
income inequality as expected. Instead, it has often exacerbated
disparities, particularly affecting lower-income groups. This is partly
due to the uneven distribution in highly urbanized areas, which
creates a scarcity of resources in rural regions. In these situations,
rural areas are often required to allocate their limited resources to
support urban centers. Despite these challenges, the development of
digital connectivity has brought about increased job opportunities,
attracted talent to rural areas, and enhanced human capital,
contributing to rural revitalization efforts (Dai and Zeng, 2022). The
effect of these developments may be more pronounced in highly
urbanized regions, where resource distribution is more skewed. This
paper further explores the heterogeneous impact of rural digital
connectivity on urban-rural income inequality, focusing on two
factors: the availability of free shipping and the level of urbanization.
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TABLE 4 Descriptive statistics of key variables.

10.3389/fsufs.2025.1725607

Variable group  Variable Definition Observations Mean  Std. Dev.

Dependent variables Theil Urban-rural income inequality 300 0.085 0.037 0.018 0.197

Independent variables | dig Rural digital connectivity index rural digital 300 0.464 0.080 0.247 0.668
dig¢ connectivity index squared 300 0222 0.076 0.061 0.446

Control variables open The degree of openness 300 0.122 0.172 0.000 0.982
gov The strength of fiscal support for agriculture 300 0.115 0.034 0.041 0.204
ais The agricultural industrial structure 300 0.527 0.084 0.363 0.719
Ingdp The level of economic development 300 9.868 0.882 7.332 11.734

Mediators R Industrial structure rationalization 300 0.146 0.089 0.008 0.428
U Industrial structure upgrading 300 2.404 0.121 2.132 2.834
E Industrial structure advancement 300 0.501 0.087 0.345 0.837
IC Rural industrial convergence 300 0.392 0.074 0.139 0.569
Digital commerce | Digital commerce index 300 0.077 0.108 0.009 0.738

The non-free-shipping areas’ are selected according to the shipping
policies of most internet shops.

4.3.1 Free shipping

Table 7 presents the heterogeneous effects of digital connectivity
on urban-rural income inequality based on the availability of free
shipping. In non-free-shipping areas, the coefficients of digital
connectivity(dig Jand its squared term (digz) are both insignificant,
indicating that digital connectivity does not significantly influence
urban-rural income inequality in these regions. Per-order delivery
fees create a last mile cost wedge that raises effective consumer prices
and compresses seller margins, reducing order frequency and thinning
markets. Under these frictions, better digital connectivity fails to
convert into actual transactions, leaving its inequality-reducing effect
indistinguishable from zero. Conversely, in areas where free shipping
is available, the coefficients for dig and dig? are both significant.
Because platforms or logistics networks internalize last mile costs,
participation expands on both the demand and supply sides and the
inequality effect of connectivity re-emerge with the same sign pattern
as in the benchmark U-shape. This confirms that digital connectivity
effectively impacts urban-rural income inequality only in regions
where free shipping is accessible.

4.3.2 Urbanization

Table 8 presents the estimation results concerning urbanization.
Urbanization is measured as the ratio of urban to rural population and
classify provinces within each year into high- and low-urbanization
groups using the cross-province median. The coefficients for digital
connectivity dig are significantly negative in both low and highly
urbanized areas, indicating that digital connectivity contributes to
reducing urban-rural income inequality across all regions. However,
this effect is more pronounced in highly urbanized areas. Additionally,

1 Non-free-shipping areas: Tibet, Xinjiang, Inner Mongolia, Qinghai, Guangxi,
Hainan, Gansu and Ningxia. Note that some shops offer free shipping to some
of these areas, like Ningxia, Guangxi, Gansu and Hainan. While there is no free

shipping at all in Xinjiang, Tibet, Qinghai and Inner Mongolia.
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the turning point in highly urbanized areas is 0.706, which is
considerably higher than in less urbanized regions, suggesting that the
impact of digital connectivity on urban-rural income inequality is
stronger in highly urbanized areas.

5 Further analysis
5.1 Spillover effect analysis

The spatial autocorrelation test was performed prior to the
analysis of spillover effects. The global Moran’s I index is employed to
estimate the spatial autocorrelation of rural digital connectivity and
the urban-rural income inequality in China, as illustrated in Table 9,
based on the geographic weight matrix. The Moran’s I index
consistently exhibits significant negative values from 2012 to 2021,
indicating a clear negative spatial correlation in the rural digital
connectivity and urban-rural income inequality of 30 provinces in
China. The negative Moran’s I value indicates an uneven distribution
of digital connectivity, supporting our previous theoretical analysis of
the siphoning effect, where leading rural areas attract resources and
opportunities, leaving neighboring rural regions with lower
digital connectivity.

Table 10 presents the result of the Multiplier (LM) test Likelihood
Ratio (LR) test and fixed effect test results. According to Elhorst (2014)
SDM model with spatiotemporal double fixed effect is the
optimal choice.

Table 11, column (1), presents the SDM estimation, where the
coefficients of W*dig and W*dig* are significant, indicating a strong
spatial spillover effect. Columns (2) to (4) provide the decomposition
results of the total spatial effects. Concerning the direct effects of rural
digital connectivity on urban-rural income inequality, the primary
coeflicient of rural digital connectivity was negative and the squared
term was positive. There was a “U-shaped” relationship between rural
digital connectivity and urban-rural income inequality, which again
verified Hypothesis 1. Regarding the spatial spillover effects of rural
digital connectivity on urban-rural income inequality, the coefficient
of rural digital connectivity was positive and its squared term was
negative, suggesting an “inverted U-shaped” relationship between
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TABLE 5 Estimation results of the baseline regression models.

Variable

10.3389/fsufs.2025.1725607

dig —0.380**%* (0.039) —0.241°%%%* (0.047) —0.243*%% (0.051) —0.230*** (0.050) —0.150%%* (0.043)
dig’ 0.307#** (0.034) 0.186%** (0.043) 0.189%#** (0.047) 0.181%%** (0.046) 0.130%** (0.039)
open —0.042°%* (0.008) —0.042°%*%* (0.008) —0.045**%* (0.008) —0.051*%%* (0.008)
gov 0.005 (0.029) —0.003 (0.029) —0.040 (0.026)
ais —0.039** (0.019) —0.040** (0.018)
Ingdp —0.029%%% (0.004)
Constant 0.193%%* (0.012) 0.160%** (0.013) 0.160%** (0.013) 0.178%%* (0.015) 0.447%%* (0.040)
Province fixed effect YES YES YES YES YES

Time fixed effect YES YES YES YES YES
Turning point 0.619 0.647 0.645 0.637 0.575
Sample size 300 300 300 300 300
R-squared 0.288 0.381 0.381 0.398 0.483

Robust standard errors in parentheses *#*p < 0.01, **p < 0.05, *p < 0.1.

TABLE 6 Estimation results of the robustness checks.

Variable

(1)

GMM (with
lagged key

explanatory
variables as IVs)

theil

)

Panel model (with

lagged key
explanatory
variables)

theil

L. dig —0.781%%% (0.198) —0.152%%% (0.043)
L. dig 0.6617%#% (0.208) 0.1347%%% (0.041)
open —0.063%#% (0.024) —0.045%*%* (0.009)
gov 0.280%* (0.154) —0.046* (0.024)
ais 0.083* (0.050) —0.025 (0.019)
Ingdp 0.001 (0.008) —0.028%%%* (0.004)
Constant 0.221%%* (0.084) 0.422%*%* (0.041)
Province fixed effect YES

Time fixed effect YES
Turning point 0.591 0.568
Sample size 270 270
R-squared 0.431

Robust standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.

rural digital connectivity and urban-rural income inequality, thus

confirming Hypothesis 2.

5.2 Mediating effects

In this section, we provide empirical evidence to examine the

mechanisms through which rural digital connectivity can reduce
urban-rural income disparities. Hypothesis 3, 4 and 5 are tested in the
following stages. First, we employ a two-step channel methodology to
analyse the channel of industrial structure optimization. Second, digital
commerce is examined to be an important mediating factor between
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Quaderatic fitted curve between the rural digital connectivity and
urban-rural income inequality.

digital connectivity and industrial structure. Finally, we reveal that
rural industrial convergence has a remarkably mediating effect on the
impact of digital connectivity on urban-rural income inequality.

5.2.1 Digital commerce and industrial structure

Through empirical analysis, we have found that digital
connectivity could narrow urban-rural income inequality through
fostering industrial structures optimization. However, there is still an
in-depth mechanism beneath this channel. As is demonstrated in
2.3.2, digital connectivity was expected to refine industrial structure
via boosting digital commerce. Here, we present empirical results to
support Hypothesis 3.

Table 12 displays that the coeflicients of dig on digital commerce
are all significantly positive at the 1% level, which implies that digital
connectivity has a positive influence in digital commerce. This finding
is consistent with the existing literature (IKimura and Chen, 2017;
Chen and Ruddy, 2020; Zang et al., 2023). Table 13 presents the
empirical evidence supporting for Hypothesis 4. Specifically, column
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Marginal effect of dig on Theil index with 95% confidence intervals.

TABLE 7 Heterogeneity analysis: free shipping.

Variable Non-free Free shipping
shipping

theil theil
dig —0.3808 (0.5571) —0.8844*%%* (0.1936)
d/92 0.2459 (0.6530) 0.6853%*%% (0.2014)
Controls YES YES
Province fixed effect YES YES
Time fixed effect YES YES
Turning point 0.774
Sample size 230 70
R-squared 0.551 0.338

Robust standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.

(1) shows that the coefficient of digital commerce on R is significantly
negative at the 1% level, indicating that digital commerce improved
the rationalization of industrial structure. Column (2) and (3) reveals
that the coefficients of digital commerce are both significantly positive,
which verifies that digital commerce promotes the upgrading and
advancing of industrial structure. These results align with the extant
literature (Chang et al., 2024; Chu, 2024). Drawing on the above
analysis, Hypothesis 4 that digital connectivity can improve industrial
structure regarding upgrading and advancing of industrial structure
through encouraging digital commerce is validated.

5.2.2 Industrial structure optimization

To test whether rural digital connectivity significantly enhances
the optimization of industrial structure, we replace the three variables
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TABLE 8 Heterogeneity analysis: urbanization.

Variable Low urbanization @ High urbanization
theil theil

dig —0.1296*** (0.0466) —0.3431*%* (0.0811)

dig2 (0.0466) (0.0453) 0.2429%*%* (0.0724)

Controls YES YES

Province fixed effect YES YES

Time fixed effect YES YES

Turning point 0.389 0.706

Sample size 210 90

R-squared 0.456 0.559

Robust standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.

defined in section 2—rationalization, upgrading index, and advanced
index of industrial structure—with urban-rural income inequality as
the dependent variable in the basic model. Table 14 presents the fixed
effects model estimation results, examining whether digital
connectivity reduces urban-rural income inequality by improving
industrial structure. In column (1), the coefficient of dig is —0.6461,
statistically significant at the 1% level, and the coefficient of dig? is
0.4294, statistically significant at the 10% level. This implies that when
R is smaller than the turning point (0.752), digital connectivity
significantly lowers the R and a small R indicates a high level of
industrial structure rationalization. Column (2) shows that R has a
significant positive impact on urban-rural income inequality, with a
coefficient of 0.2491 at the 1% level. These results display that rural
digital connectivity narrows the urban-rural income inequality
through enhancing industrial structure rationalization. We also
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TABLE 9 Spatial autocorrelation test result of rural digital connectivity and urban-rural income inequality.

Moran’s / Moran’s /
2012 —0.123 -5.115 000073 —0.167 —7.638 0.000%%%
2013 —0.111 —4.404 0.000%%% —0.166 ~7.592 0.000%%%
2014 —0.087 -3.037 0.00175% —0.166 ~7.59 0.000%%
2015 —0.099 -3.776 0.000%% —0.166 ~7.568 0.0007%%
2016 —0.066 —1.837 0.033% —0.164 —7.459 0.000%%
2017 —0.064 —1.690 0.046% —0.162 -7.376 0.0007%#%
2018 —0.079 -2.585 0.005%%% —0.160 -7.277 0.0007%%
2019 —0.081 -2.638 0.0047% —0.160 —7.274 0.0007%#%
2020 -0.077 —2.447 0.0077% —0.160 -7.277 0.0007%%
2021 —0.091 3222 0.0017%% —0.161 ~7.368 0.0007%%
TABLE 10 Model selection tests.
LM test LM (error) LM (lag) Robust LM (error) Robust LM (lag)
1294.159%% (0.000) 1006.854** (0.000) 312.966%** (0.000) 25.661%%% (0.000)

LR test HO: SAR model HO: SEM model

53.00%%% (0.0000)

70.82%%% (0.0000)

Spatiotemporal two-way fixed effect test HO: Province fixed effect

HO: Time fixed effect

175.76*** (0.0000)

1029.54%*%* (0.0000)

p-values are in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 11 Direct, indirect, and total effects of spatial Durbin model estimation.

Variable

(3)

Indirect

dig —0.158*** (0.039) —0.1882%%%* (0.038) 0.923%** (0.390) 0.735% (0.409)
dig 0.113%** (0.038) 0.149%** (0.038) —1.095%%* (0.434) —0.946%%* (0.453)
Wdig 1.382%% (0.438)

Wdig? —1.703%** (0.413)

Controls YES YES YES YES
Spatial rho —0.874%%* (0.389)

Variance sigma2_e

0.000%%% (0.000)

Province fixed effect YES
Time fixed effect YES
Sample size 300
R-squared 0.681

Robust standard errors in parentheses *#*p < 0.01, **p < 0.05, *p < 0.1.

identify that industrial structure upgrading and advancing have
significant mediating effects. Specifically, in column (3) and (5), the
coefficients of dig are both significantly positive and the coefficients of
dig” are both significantly negative, which demonstrates that rural
digital connectivity promotes industrial structure upgrading and
advancing when U and E are less than turning points. Column (4) and
(6) show that the coefficients of U and E are both significantly negative
at the 10 and 1% level, respectively. These results indicate that rural
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digital connectivity narrows the urban-rural income inequality by
fostering industrial structure upgrading and advancing. Our findings
support Hypothesis 3 and align with the extant research (Hong and
Zhang, 2021; Li, 2021; Fan, 2022; Li et al., 2024).

5.2.3 Industrial convergence

Beyond industrial structure optimization, rural industrial
convergence serves as another significant channel for reducing the
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TABLE 12 Digital connectivity refines digital commerce.

Variables ()] (2) (3) (4)
Digital commerce Digital commerce Digital commerce Digital commerce

dig 0.8800%#% (0.0597) 0.7702%%% (0.0785) 0.5745%%% (0.0584) 0.4420%%% (0.1579)
Controls NO YES NO YES

Province fixed effect NO NO YES YES

Time fixed effect NO NO YES YES

Sample size 300 19,295 300 300

R-squared 0.4197 0.5259 0.6716 0.7759

Robust standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 13 Digital connectivity influences rural industrial structure through digital commerce.

Variables

dig —2.2139%%% (0.4409) 4.1447%% (0.6105) 28.4897%%% (4.9975)

di 2 1.7586%*%** (0.4806) —3.8391%** (0.6656) —29.0277%%%* (5.4479)
9

Digital Commerce —0.1271%%* (0.0521) 0.3758%*% (0.0722) 2.9713%%* (0.5911)

Controls YES YES YES

Province fixed effect YES YES YES

Time fixed effect YES YES YES

Sample size 300 300 300

R-squared 0.593 0.577 0.240

Robust standard errors in parentheses: **¥p < 0.01, **p < 0.05, *p < 0.1.

TABLE 14 Digital connectivity influences urban—rural income inequality through the industrial structure optimization channel.

Variables

dig —0.6461%%% (0.2412) = —0.5300%** (0.1448) 2.7223%%% (0.5697) —0.8811%%%* (0.1776) 17.242%%% (4.6500) —0.8399%%* (0.1726)
d/92 0.4294* (0.2291) 0.5549%%% (0.1480) —2.0363%*%* (0.5930) 0.7808*** (0.1816) —14.772%%% (4.8403) 0.7368%*** (0.1784)
R 0.2491%*** (0.0206)

U —0.0296* (0.0175)

E —0.0071%%%* (0.0021)
Controls YES YES YES YES YES YES
Province fixed effect YES YES YES YES YES YES

Time fixed effect YES YES YES YES YES YES
Turning point 0.752 0.478 0.668 0.564 0.584 0.570
Sample size 300 19,295 300 300 300 300
R-squared 0.938 0.136 0.540 0.564 0.177 0.575

Robust standard errors in parentheses: ***p < 0.01, **p < 0.05, *p < 0.1.

urban-rural income gap. In column (1) of Table 15, the estimated  relation does not exist between digital connectivity and industrial
coefficient for dig is significantly positive at the 10% level, indicating ~ convergence. Column (2) of Table 15 shows that the coefficient of
that a 1 increase in rural digital connectivity led to an increase of  industrial convergence is significantly negative at the 1% level, with
0.9134 in rural industrial convergence. However, the estimated  an estimation of —0.0679, demonstrating that the promotion of
coefficient of dig? is insignificant, which implies that the quadratic  industrial convergence could narrow the urban-rural income
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TABLE 15 Digital connectivity influences urban—rural income inequality
through the rural industrial convergence.

Variables

dig 0.9134* (0.5215) —0.9223%*% (0.1901)
dig2 —0.6075 (0.5521) 0.8428*** (0.2006)
IC —0.0679%%* (0.0223)
Controls YES YES
Province fixed effect YES YES

Time fixed effect YES YES
Turning point 0.547
Sample size 270 270
R-squared 0.157 0.574

Robust standard errors in parentheses: ***p < 0.01, **p < 0.05, *p < 0.1.

inequality. Regarding aforementioned analysis, we conclude that
rural digital connectivity narrows urban-rural income inequality
through accelerating industrial convergence in rural areas, which
supports Hypothesis 5.

6 Conclusion and policy implications

Employing the Chinese provincial data on urban-rural income
inequality and rural digital connectivity spanning from 2012 to 2021,
this paper explores the effect of rural digital connectivity on urban-
rural income inequality. The findings offer several notable insights and
policy recommendations.

Firstly, the effect of rural digital connectivity on the urban-rural
income gap is U shaped. The channel analysis reveals that rural digital
connectivity refines industrial structure optimization by stimulating
digital commerce, thereby narrowing the urban-rural income
inequality. Policy should therefore be phased around the turning
point. In regions below the turning point, priority should be given to
closing infrastructure gaps in broadband and mobile base stations and
pairing these actions with device subsidies for low-income rural
households and tiered digital-skills training that progresses from basic
literacy to e-commerce operations. In addition, rural last-mile
feasibility should be enhanced through county pick-up and return
stations and village access nodes. In parallel, expand digital financial
inclusion to accelerating effective participation in digital supply chains
(Xu et al,, 20252). In regions at or above the turning point, emphasis
should shift from expanding capacity to improving use to guard
against re-polarization. This requires strengthening upstream
segments through cold-chain logistics, product standardization, and
traceability, while simultaneously guiding platform economies and
digital industries to create county-level jobs in operations,
warehousing, and customer services.

Secondly, rural industrial convergence is also a main channel to
narrow urban-rural income inequality, though it is more complex to
achieve. The local government had better inspire this from different
perspectives. In the first place, local government should energetically
develop infrastructures, including transportation networks and digital
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infrastructure, enabling the growth of high-tech industries and
facilitating industrial convergence. Moreover, tax incentives and
subsidies are also can attract industries and encourage investment in
rural areas. Specifically, the government should priorly encourage the
development of agro-processing industries that add value to local
agricultural products, creating jobs and stimulating demand for
agricultural products, benefiting rural economies. In addition,
education and skill training for the local labor force is substantial in
the process of industrial convergence. Vocational training center are
called for establishment to equip local workforce with needed skills.

Thirdly, it cannot be neglected that the influence of rural digital
connectivity on neighboring provinces shows an “inverted U-shaped”
characteristic, demonstrating a significant spatial spillover effect of
“promotion to suppression” on urban-rural income inequality. This
can be attributed to the “Siphon Effect;” where highly digitalized areas,
with more advantages in resources, like infrastructure, beneficial
policies and financial support, attract industries, skilled workers, and
investments away from less developed regions. To alleviate this
negative spatial effect, the government should refine factor-mobility
mechanisms linking data, capital, and talent, thereby promoting
coordination between county-level e-commerce and rural services to
reduce resource inequalities across regions (Shi et al., 2025).

Fourthly, the heterogeneous analysis reveals that the suppression
effect of rural digital connectivity on urban-rural income inequality
is more significant in highly urbanized areas with free shipping
services. To ensure and enhance the effectiveness of rural digital
connectivity and further narrow urban-rural income inequality, the
government should promote urbanization nationwide and facilitate
the development of transportation in remote areas to encourage
digital commerce.
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Appendix 1

Step 1, Normalization. For positive indicators,

For negative indicators,

max,',t x,‘jt —xt'jt

Zijt = -
maXi)t xl'jt — mlnl"t xl‘jt

Where Xijt denote the raw value of indicator j=1,...,] for provir%c”e i=1..,Ninyeart=1,...,T.
Step 2, Entropy computation. Define the indicator share p;j; = =2

The entropy of indicator j is computed as: Zt:ziﬁ-
i,
LYy
€ =" Pije In pije
ln(NT) o

The information diversity is: d; =1—e;, the higher the value of d, the greater the impact of indicator j
Step 3, the weights of indicator jare computed as:
d:

wi=—dI

=7
Xk
P

The composite index for provincei in yeart is

J
Index;; = Y wizjj;
=1
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